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PREFACE 

This document is an environmental assessment (EA) of the U.S. Depart
ment of Energy (DOE) electric and hybrid vehicle (EHV) program. The document 
has been prepared in accordance with the National Environmental Po l icy Act 
(NEPA) of 1969 (10 CFR, Part 1021), as amended (42 U.S.C. Section 4321 et. 
seq.) and the implementing regulations of the Council on Environmental Quality 
(40 CFR, Parts 1500-1508). 

The EA focuses on the long-term (1985-2000) impacts of the EHV program, 
which has been designed to acce l erate the development of EHVs and to demon
strate their commercial feasibility as required by the Electric and Hybrid 
Vehicle Research, Development and Demonstration Act of 1976 (P.L. 94-413), as 
amended (P.L. 95-238). The DOE EHV program a l ternatives examined in this EA 
are represented by f i ve market penetration scenarios. These scenarios 
are based on three different levels of DOE investment, as well as on plausible 
assumptions regarding technological breakthroughs in EHV components, EHV 
activity in the private sector, liquid fuels prices and availability, advances 
in other transportation technologies, influences of other EHV-related govern
mental programs, and basic societal drivi ng forces. The scenarios are de
signed to encompass the fu l l range of EHV commercia l izat i on possibili t ies up 
to 2000. The EA analyzes the impacts of these al t erna t ive EHV market pene
tration scenar i os on a broad range of environmental subsystems. 
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SUMMARY 

This environmental assessment (EA) focuses on the long-term (1985-2000) 
impacts of the U.S. Department of Energy (DOE) electric and hybrid vehicle 
(EHV) program. This program has been designed to accelerate the development 
of EHVs and to demonstrate their commercial feasibility as required by the 
Electric and Hybrid Vehicle Research, Development and Demonstration Act of 
1976 (P.L. 94-413), as amended (P.L. 95-238). The overall goal of the program 
is the commercialization of: (1) electric vehicles (EVs) acceptable to broad 
segments of the personal and commercial vehicle markets, (2) hybrid vehicles 
(HVs) with range capabilit ies comparable to those of conventional vehicles 
(CVs), and (3) advanced EHVs completely competitive with CVs with respect to 
both cost and performance. Five major EHV projects have been established by 
DOE: market demonstration, vehicle evaluation and improvement, e l ectric 
vehicle commercialization, hybrid vehicle commercialization, and advanced 
vehicle development. 

ALTERNATIVES 

The DOE EHV program alternatives requiring examination for their 
environmental impacts are represented by the five market penetration scenarios 
developed for this EA. These scenarios are based on three different levels 
of DOE investment. While the relationship between DOE funding and the de
gree of future EHV market penetration is not known precisely, the higher the 
level of DOE funding, the more likely it is that technological advances will 
occur and that EHV penetration will be assisted. The scenarios are also based 
on plausible assumptions regarding technological breakthroughs in EHV compo
nents, EHV activity in the private sector, liquid fuels prices and availabil 
ity, advances in other transportation technologies, influences from other 
ERV-related governmental programs, and basic societal driving forces. The 
scenarios are thought to encompass the full range of EHV market penetration 
possibilities up to 2000. 

The five scenarios are designated LOW I, LOW II, MEDIUM, HIGH I, and 
HIGH II. The LOW scenarios assume that the DOE EHV program concludes in 1986 
with the completion of the current demonstration and represent the no-action 
alternative normally discussed in environmental asses sments. Liquid fuels 
availabil ity remains high. The lead-acid (Pb/acid) battery is assumed to 
dominate through 2000, but the nickel-zinc (Ni/Zn) battery begins significant 
penetration after 1990. The market for EHVs in the LOW scenarios is bas ically 
commercial fleet s, where a limited range of 50-75 mi is acceptable for some 
vehicles. Pb/ acid HVs generally penetrate truck markets but are used for 
longer-range missions. By 2000, three million EVs are in use in LOW I and LOW 
II; in LOW II, an additional two million HVs are in operation. 

The MEDIUM scenario assumes continued federal EHV program activ
ity at levels higher than the LOW scenarios and extended into 1997. Liquid 
fuels remain avai lable but costs are relatively high. Pb/acid EVs dominate 
the market early, but the higher-performance Ni/Zn EV experiences successful 
commercialization beginning in the 1980 s and dominates by 1990. The 50- to 
150-mi range of the Ni/Zn vehicles opens new markets; although these are still 
predominant ly commercial, greater penetration 10 the personal-use market 
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occurs. With strong federal commercialization efforts, such as the inclusion 
of EVs in corporate average fuel economy (CAFE) standards beyond 1986, this 
scenario assumes eight million EVs in use by 2000. No HVs are included in 
this scenario. 

The HIGH scenarios assume that federal support 1s very high 1n a l 1 
areas of EHV development, including battery system research and developmen t, 
raw material supply, and EHV infrastructure subsidies. It is several times 
higher than the support in the MEDIUM scenario and extends through 1998. 
State, local, and private programs complement this effort. The HIGH scenarios 
assume a sense of national emergency, with rising prices, significant ly lower 
availability, and sporadic but significant shortages of liquid fuels. In 
HIGH I, Ni/Zn EVs predominate, but lithium-metal sulfide (Li/S) EVs with 
ranges up to 220 mi are fully commercialized in the 1990s. Although Ni/Zn EVs 
also predominate in HIGH II, unlimited-range Ni/Zn HVs penetrate heavily by 
2000. Because of improvements in range, EHVs are able to enter nearly al 1 
vehicle markets and approximately half of the EHVs are personal-use vehicles 
by 2000. HIGH I has 24 million EVs in operation in 2000; HIGH II has 15.9 
million EVs and 8.1 million HVs. 

MAJOR FINDINGS OF THE EA 

This EA analyzes the impacts of alternative EHV market penetration 
scenarios on a broad range of environmental subsystems. Comparisons are 
made with the projected impacts of a baseline scenario (BASE), which assumes 
no EHV penetration by 2000. Generally, the emphasis is on the impacts occur
ring under the HIGH scenarios. While the probability of achieving these 
scenarios is low, they are certainly possible outcomes of the DOE EHV program 
and do identify worst-case impacts. In addition, the impacts associated with 
these scenarios in 2000 reflect the potential impacts associated with t he more 
probable MEDIUM scenario a few years beyond 2000. 

Resources 

Materials 

Ten major materia l s are evaluated for potential materials supply 
and demand imbalances resulting from EHV penetration. Four of these (nickel, 
cobalt, zinc, and lithium) are found to present possible constraints on the 
MEDIUM and HIGH scenarios. Over 50% of current U.S. nicke 1 supplies are 
imported. With large increases in nickel demand and the small number of 
firms producing nickel, significant price increases are possible. Similarly, 
cartel activities may affect the supply and cost of cobalt, which is required 
for the nickel batteries. Nearly all of the U.S. cobalt supply is imported, 
much of it from Zaire. Potential solutions to these problems include develop
ment of deep-sea mining techniques, improved recovery technologies for 
domestic mining, slower penetration of EHVs to bu i ld up stocks of recyclable 
nickel and cobalt, and substitution of other materials for cobalt. Some of 
these solutions will require further impact assessment. 

While 50% of zinc supplies are imported, domestic zinc reserves could 
meet projected demand under each of the scenarios. However, zinc refining 
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capacity has been reduced by 50% since 1972 due to obsolescence and environ
mental constraints (e.g., sulfur ox i de [SOxJ emission limits). The refining 
capacity of this industry may need to be expanded significantly. The lithium 
industry, which is currently quite small, would have significant "gearing-up" 
problems to meet the projected 1285% increase in demand of the HIGH I scenario 
in 2000. 

Raw materials for aluminum production are usual l y imported and subject 
to cartel action. Nevertheless, EHV aluminum requirements are minor relative 
to total U.S. demand for aluminum and would not alter the total supply and 
demand situation significantly. Lead, copper, boron, iron, and steel supplies 
are expected to be adequate for EHV development. 

These conclusions generally reflect EHV materials rqu i rements whether 
or not substantial recycling of battery materials occurs. Obviously, worst
case impacts occur without recycling. Many technological barriers to a h igh 
level of recycling remain, and improvements are necessary in recycling 
technologies for all major battery materials except lead. 

Energy 

Although EHVs save petroleum, they do require more total energy for 
production and operation as measured from the mine mouth or wellhead . Esti
mated petroleum requirements (including petroleum-related external subsidies) 
for production and operation of EHVs in 2000 are 22-36% of the petrol eum 
requirements for the production of an equivalent number of CVs and their 
operation over equivalent miles. But, EHVs require 11-23% more total energy 
for production and operat i on in 2000 than would be required by an equival ent 
number of CVs . However, if the measurement of total energy used includes 
resources left in the ground that are unavailable today given current extrac
tive technology and e conomics, EHVs require less to t al energy t h an CVs. 

Ecosystems 

The ecosystem impacts of EHVs are very difficult to evaluate on either 
a national or regional scale, because ecosystem analysis is usual ly site 
specific. Wh i le site-specific analysis is not included in this EA, several 
areas of potential for adverse impact on l ocal ecosystems are identified and 
discussed: (1) inc reased and diverse quantities of metals and metal cations 
introduced into the environment during al 1 phases of ERV product ion, opera
tion, reuse, and disposal; (2) increased eros i on and sedimentation from mining 
EHV materials and fuels; (3) i ncreased n i trate residues from ERV-related 
m1.m.ng operations; (4) higher local SOx emissions from EHV manufacture and 
operation; (5) increased thermal pollution from power pl an ts; and (6 ) more 
solid wastes from EHV operation and produc tion. 

Physical Environment 

Air Quality 

Market penetration of EHVs results in overall reductions in ambient 
levels of four a i r po l lut ants for which national ambient air qual i ty standards 



(NAAQS) have been promulgated: hydrocarbons (HC), particulates, nitrogen 
oxides (NOx), and carbon monoxide (CO). The production and operation of 
EHVs result in increased SOx, for which there is also a NAAQS. This in
crease 1s largely the result of greater electricity generation for EHV opera
tion. In terms of national totals, the largest increment in SOx generation 
occurs in HIGH I in 2000, at which time the increase in SOx represents 2.6% 
of the 1975 national SOx emissions. Although this increment appears small, 
it would add to the national trend of increasing SOx emissions. A larger 
percentage increase in SOx emissions may occur in some urbanized areas and 
may be significant. 

EHV market success may lead to a s 1 ight increase 1n carbon dioxide 
(CO2) emissions. Although CO2 emissions may affect global temperatures, 
the increase associated with EHVs (3% in HIGH II over the CO2 generated by 
an equivalent number of CVs) is considered insignificant compared to the CO2 
generated by worldwide fossil-fuel combustion. EHV production also leads to 
increased generation of heavy metals, lead sulfide, gas fluorides, and copper 
sulfide. These increases may be significant at local levels. 

Two additiona l air quality concerns require further examination: 
(1) the impact of accidents and battery charging on air quality on a micro
scale and (2) the emissions associated with full accessory load operation (air 
conditioners and heaters) in EHVs. The technologies that would be used to 
operate these accessories are not specified in this analysis . 

Water Quality, Solid Waste, and Land Use 

Water pollutant loadings and solid waste from vehicle production and 
operation will increase with EHV market penetration. However, the increases 
may b e significant only at t h e local level. High incremental pollutant 
loadings can be expected in specific geographical areas, especially near EHV 
materials-and-fuels extraction and processing, and heavy manufactur ing cen
ters. If not properly handled, these loadings could adversely impact commu
nities and the environment. Similarly, land requirements for solid waste 
disposal, mining, and manufacturing stemming from EHV market penetration coul d 
be important, but only at the local leve l . 

Noise 

The impact of EHVs on urban traffic noise by 2000 wil l be beneficial 
though minor . EVs are quieter than CVs and should continue to be quieter, 
despite anticipated reductions in the noise levels of CVs. However, EVs do 
generate some noise, primarily tire noise. HVs also will emit tire noise and 
will periodically emit powertrain-related noises. Eve n in 2000, however, EHVs 
will still represent a small percentage of the vehicles on the road and will 
be substituted for vehicles that are already re l atively quiet compared to more 
dominant noise sources. Additional empirical data are required to ver i fy or 
r evise these conclusions. 

Occupational Health and Safety 

EHV market penetration will result in increases over the BASE scenario 
1n the number and severity of occupationally related health injuries and 

Vlll 



illnesses 1n 2000. While the increases nationally will be very small, 
some individual economic sectors could incur major increases. For example, 
the battery industry is expected to have a 26.5% increase in total recordable 
cases in the HIGH I scenario in 2000. 

Historical incidence rates are used to generate these expected in
creases. However, manufacturing EHVs involves considerable development 
and modification of production processes, particularly in the battery sector. 
As processes change, occupational hazards wi l l change, and potentially signif
icant risks are likely. The types of h azards that might result from new ERV 
technologies and appropriate preventative measures require further study. 

Public Health and Safety 

Public Health 

The public health impacts resulting from ERV market penetration vary 
depending on the particular pollutant. Because increasing use of EHVs leads 
to reductions in NOx, HC, CO, and particulate emissions, public hea l th 
impacts at the national level are positive for these pollutants. However, 
because SOx emissions are expected to increase with ERV development, public 
exposure to SOx will increase on a national, regional , and local scale. The 
national increase in risk of exposure to SOx under worst-case conditions is 
no greater than 3% of the risk of exposure to 1975 SOx emissions levels. 
However, there is a national trend of increasing SOx emissions. The in
crease in the potential for adverse public health impact from SOx exposure 
1n individual urbanized areas may be higher and may be s i gnificant. 

The public health impact of increased water pollutants, solid waste, 
various air pollutants ( including those whose ERV-related national public 
health impacts are beneficial), and trace elements generated as a result of 
ERV development does not appear to be of concern on the national level but may 
be of concern on a site-specific level and should be examined further. Also 
of potentially significant concern but requiring further study are the 
potential health impacts of exposure front advanced battery use to certain 
toxic substances not covered in this analysis (i.e., possible minor ingre
dients in ERV batteries) and the health risks associated with accidents and 
battery charging. 

Public Safety 

Public safety concerns associated with EHVs do exist and include 
those related to nonoperating safety, crash avoidanc e, and crash e nergy 
management, and operating safety concerns, such as ele ctrolyte spillage and 
toxic gas rele a se. Performance standards addressing some of the safety 
questions have been issued by DOE for the current ERV demonstration. Addi
tional safety standards must be promulgated as dire cted by the ERV Act as 
commercialization progresses and as understanding o f each concern improves. 
Standards set for the current demonstration are assumed to apply to all EHVs 
commercialized in 1985 and beyond. While further evaluation of many of the 
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safety concerns is still r equired, al l public safety concerns are expected to 
be mitigated by standards promulgated by appropriate regulatory agencies as 
EHV commercial i zation proceeds. 

Social 

There may be some beneficial as well as adverse impacts on mobility, 
urban structure, and lifestyle resulting from EHV commercialization. In 
particular, the limitations in range of EVs and the time required fo r re
charging EHVs limit mobility. However, in times of liqu id fuel shortages, 
EHVs will enhance mobility. The relative importance of these impacts is 
difficult to evaluate but certainly is lower than that of impacts resulting 
from the i ntroduction of large numbers o f limited-performance EVs. Finally, 
social impacts associated with significant employment changes in local areas 
will occur and may be substantial. These impacts will result, in part, from 
growth in population and in-migration and may include the particular social 
problems often associated with boom-town development. 

Institutional 

EHVs are expec ted to have little or no impact on many elements of the 
transportation infrastructure needed to support EHV penetration (e.g., 
roadway infrastructure , highway use, safety regul ations and existing financial 
and insurance institutions). However, EHVs affect some aspects of that 
infrastructure. For example, while EHV production and d ist r ibution can be 
absorbed by present CV manufacturers, the rapid conversion required in 
the HIGH scenarios of auto product ion lines of the major CV manufacturers may 
present problems . 

While the impact of EHV s on electric utilities is small nationally, 
EHV electricity consumption may be large enough in a very few urbanized 
areas for it to be inc luded 1n utility planning. Further, some electrical 
distribution facilities used in recharging EHVs may have to be upgraded. 

Es pe cially in the HIGH scenarios, the government may have to continue 
encouraging the development of an EHV servicing network and give attention to 
the potential impacts of EHV service facil ities on CV service facilities. 
Finally, EHV penetration also will require that fire fighter s receive special 
instruct ion, since EHV fires require different fire-f ighting techniques. 

Economic 

Cost of Travel 

EHVs of different battery types vary considerably in their initial and 
life cycle costs. However, EHVs of any battery type in all vehicle categories 
are projected to be more expensive than the CVs they repl ace, both in initial 
and life cycle costs. EHVs are projected to be 33-143% higher in initial cost 
than CVs and up to 146% higher in life cycle costs. The smallest l ife cycle 
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cost differentials occur 1n the passenger car categories; the differentials 
widen in the light truck and bus categories. Such differences in cost could 
adversely affect EHV commercialization. As battery technology develops and if 
reductions in material input requirements or prices occur, the cost situation 
for EHVs may improve. 

Employment 

While total national employment is not affected by EHV market penetra
tion, significant changes may occur in five industries -- mining, nonferrous 
metals processing, electric utilities, batteries, and crude oil production. 
Employment i.s expected to decline in crude oil production and increase in 
the other four industries. Significant local employment changes also may 
occur with EHV penetration. 

Factor Prices and Balance of Trade 

EHV market success could affect major EHV materials prices, depend
ing on the scenario and the dominant battery technology. Under certain 
scenarios, materials import requirements could more than offset imported oil 
dollars saved by EHV penetration. The LOW scenarios ge nerally result in 
positive trade balances because lead, which is the main battery material, is 
available domestically. In the MEDIUM and HIGH scenarios in 2000, the balance 
of trade could swing either way, depending on oil and materials price assump
tions. If a negative balance of trade occurs, it will be due basically to 
nickel and cobalt import requirements for Ni/Zn EHVs. The greatest negative 
trade balances occur in the HIGH II scenario; the worst of these is $25 
billion (constant 1979$), even assuming substantial battery materials recycl
ing . Solutions to these potentially negative impacts are the same as those 
discussed in the materials section in this summary, i.e., deep-sea mining, 
improved recovery technologies, material substitution, and slower EHV market 
penetration. 

Private and Public Sector Capital 

The major impact of EHVs in terms of public sector capital is on the 
federal motor veh i cle fuel tax. EHVs are not subject to this tax. Without 
an equivalent tax imposed on EHVs, the federal government could l ose up to 
$704 million out of the $15 billion in revenue projected for 2000 (constant 
1979$). However, one of a number of alternative EHV taxes wi 11 certainly be 
imposed, and the public sector should not lose revenue. In addition to this 
impact, some loca l governments will face substantial expenditures associated 
with increasing use of EHVs, such as a need for increased municipal services 
arising from EHV-related employment changes . 

A significant aspect of the "gearing-up" problems projected for certain 
industries as a re sult of EHV development is capital requ irements. For 
example, battery industry capital needs in 2000 increase 25% in HIGH I and 11% 
in HIGH II over the BASE scenario. Problems also could arise in some of the 
scenarios in the zinc, lead, lithium, nickel, and cobalt industries, espe
cially if domestic mining were greatly expanded or if ocean nodule deposits 
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were developed. Although total capital investment in the motor vehicle sector 
is not expected to change radically, construction of production lines or 
conversion of lines from CVs to EHVs may create difficulties. 

CONCLUSIONS AND RECOMMENDATIONS 

Significant impacts to the human environment wi 11 occur both at na
tional and local levels from increasing use of EHVs . While some impacts will 
be beneficial, some adverse impacts wi ll occur in resource, ecosystem, phys
ical environment , health, safety, and socioeconomic subsystems . The follow
ing actions could help mitigate some of these adverse impacts: 

l. Resources and Economic Concerns. Development of deep-
sea mining, improved mine recovery technologies, material 
sub st itut ion, lower material input requirements, and new 
recycling technologies. 

2. Physical Environment, Public Health, and Ecosystem Con
cerns. For s pec i fie pollutants in cert a in local areas, 
development of str i cter air and water quality standards 
for industrial processes. 

3. Occupational Health and Safety Concerns. 
measures, such as protective equipment 
trols. 

Preventative 
and design con-

4. Public Safety Concerns. Promulgation of add i tional 
vehicle safety standards by DOE and DOT . 

5. Institutional Concerns. Government measures to defray 
manufacturing risk and inclusion of ERV electricity 
consumption in local utility planni ng. 

It is not certain, however, that all such mitigating measures can be in 
place by 2000. Since the effects of not being able to mitigate some of these 
concerns appear quite substantial, significant impacts to the human environ
ment may occur. The potential for significant impacts, coupl ed with the 
fact that an environment a l impact statement (EIS) is normally required for DOE 
programs that result in the construction and operation of full-scale energy 
system projects,* leads to the recommendation that an EIS be developed for the 
DOE EHV program. Other site-specific National Environmental Policy Act 
documents related to EHV development (e.g., for new battery manufacturing 
plants) also may have to be prepared, but these may not be the responsibility 
of DOE. Finally, it is recommended t hat the DOE ERV program EIS take the 
fol lowing into cons i deration: 

l. New developments in the zinc-chlorine (Zn/Cl) battery 
that make that battery appear more promising as an 
alternative near-term battery. 

2. Further cha racteri zation, if possible, of advanced ERVs. 

*U.S. Dept. of Energy compl iance with the National Environmental Policy Act, 
Federal Register, 45(62) , March 28, 1980. 
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3. The potential impacts beyond 2000, because the greatest 
market penetration should occur after 2000. (There may 
be significantly more EHVs than the 24 million postu
lated for the HIGH scenarios in this EA.) 

4. The potential worldwide demand for EHVs, which could 
dramatically affect EHV materials supply and prices. 

5. Greater dependence on coal- rather than nuclear-generated 
electricity than was projected for this EA, and 

6. Any new information pertaining to any of the areas iden
tified in this EA as requiring further study. 
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1 PURPOSE OR NEED FOR PROPOSED ACTION 

The U.S. Congress approved the Electric and Hybrid Vehicle Research, 
Development, and Demonstration Act of 1976 (P.L. 94-413) on September 17, 
1976. Congress believed that accelerated commercialization of these vehicles 
could contribute to reduced petroleum consumption and greater independence 
from foreign oil. 

The Act, as amended on February 25, 1978 (P.L. 95-238), provides 
for accelerating the development of electric and hybrid vehicles (EHVs) and 
demonstrating their commercial feasibility through government-sponsored 
research and development (R&D), demonstrations, and financial incentives. The 
U.S. Department of Energy (DOE) is responsible for undertaking these activi
ties and has established the Electric and Hybrid Vehicles Division in the 
Office of Transportation Programs under the Assistant Secretary for Conser
vation and Solar Energy. 

This environmental assessment 
(1985-2000) of the DOE EHV program. 
of EHV market penetration scenarios. 

(EA) focuses on the long-term impacts 
These impacts are assessed for a number 

Two EAs have been prepared previously for the DOE EHV program. The 
first EA (March, 1979) is directed at the short-term consequences of the 
DOE EHV demonstration program that is currently underway.I The second 
EA (May, 1980) considers the probable impacts of including EHVs in corporate 
average fuel economy (CAFE) standards during an evaluation period ending 
January 1, 1987 . 2 Neither assessment found significant impact on the human 
environment. 

1.1 DOE PROGRAM OVERVIEW 

The goal of the DOE EHV program is to assure the availability and broad 
acceptance of vehicles that depend primarily on electricity for propulsion in 
order to minimize dependence on imported oil while maintaining flexibi lity in 
the transportation sector. In general, the government's role is to provide 
support until industry is able to achieve the above goal on its own. The 
overall strategy is a balance between "market pull" to build demand for EHVs 
and "technology push" to provide new products of proven desirability. 

To achieve the overall goal, five projects have been established by 
DOE: market demonstration (MD), vehicle evaluation and improvement (VEI), 
electric vehicle commercialization (EVC), hybrid vehicle commercialization 
(HVC), and advanced vehicle development (AVD).3 These projects are d e 
scribed briefly in Secs. 1. 1.1-1.1. 5. 

1.1.1. Market Demonstration 

The Act requires that DOE, within the next six years, place up to 
10,000 EHVs in uses involving private fleet operators, market and service 
operators, individuals, state and local government fleets, and federal agency 
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fleet . Over 60 site operators have been select ed , and the total number of 
vehicles involved by the end of FY80 will be about 1200 . In addition, DOE 
will offer loan guarantees to quali fied small businesses to expand production 
of EHVs. 

The MD project includes identifying, developing, testing, and proving 
markets; coll ecting and analyzing data on energy, economics, vehicle design, 
safety, and use; and determining infrastructure requirements. It will gen
e rate much of the information needed to understand the environmental impacts 
of large-scale penetration of EHVs into a variety of markets . It will aid in 
determining the suitability of EHVs for particular operations and wi l l provide 
pract ical experience data to manufacturers to encourage vehicle improvements. 

Because the infrastructure for maintenance , parts supply, warranty 
processing, and training is not available throughout the country and because 
better information flow and DOE supervision are required, the demons trations 
are being implemented through local operators. The operators own the demon
stration vehicles and are responsible for purchase, ma i ntenance, and control. 
To encourage part icipation, to offset some of the risk, and to acquire data, 
DOE shares costs with the operators. 

1.1.2 Vehicle Evaluation and Impr ovement 

The purpose of this project is to optimize off-tne-shelf technology 
and to aid rapid commercialization of improved vehicles through: ( 1 ) evaluat
ing the need for t echnology improvements, (2) setting mi nimum performance 
standards that vehicles must meet or surpass to participate i n the MD, (3) 
testing and evaluating available vehicles to determine performance and safety, 
(4) providing engineer ing support for vehicles in the MD, and ( 5) s uppor ting 
product improvement engineering efforts. 

Revised performance standards have been promulgated recently that show 
what many EHVs can achieve . Improvements are evident in both range and 
performance over EHVs tested in the first state-of-the-art (SOA) assessment in 
1977 . 4 

The first hardware development under the VEI project was the 2x4 
program, which provided assistance to small businesses for product improve
ments . In this program, four manufacturers each developed two vehicles 
incorporating improved , off- the- shelf technology . The vehicles were delivered 
in 1979, and test data indicate that they surpass the performance standards in 
most cases . The most recent SOA report was publ ished in 1979 . 5 

1.1.3 Electric Vehicle Commercialization 

The purpose of the EVC project is to induce the development and 
large-scale commercial production of electric vehicles (EVs) and related 
components and subsystems (including batteries) by the mid-1 980s. The 
vehicle-related objectives, to be achieved by the end o f 1986 , are to: Cl) 
develop an electric passenger car with the attributes necessary to insure 
broad market acceptance, (2) initiate limited production of these electric 
cars, and (3) establish the production capacity necessar y to produce at 
least 100,000 of these e l ectric cars annually. These objectives a r e to be 
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achieved through the sharing of costs and risks 1n a business relationship 
between the government and selected manufacturers. 

The EVC project also provides for R&D related to EV components and 
subsystems (including batteries) and stimulation of their commercial produc
tion. Since 1976 DOE has been sponsoring research, development, test, and 
evaluation efforts related to EV components and subsystems, including motors, 
controllers, transmissions, propulsion subsystems, charger/charge i ndicators, 
and environmental controls. Battery development and commercialization activi
ties are focused on lead- acid (Pb/acid), n icke l-zinc (Ni/Zn), nickel-iron 
(Ni/Fe), and zinc-chlorine (Zn/Cl) batteries. 

Finally, DOE provides technical and commercial ization assistance of a 
nonfinancial nature to vehicle, subsystem, component, and battery manufac
turers. This support includes commercialization studies, field test vehicle 
development, field testing, brokering of coordination with the utility 
industry, market development assistance, and activities to supplement the 
incentives e fforts underway in the DOE MD project . 

1.1.4 Hybr id Vehicle Commercialization 

The purpose of the HVC effort is to induce mass production by 1988 of 
cost-competitive hybrid vehicles (HVs) with a range comparable to conventional 
vehicles (CVs). The DOE HVC effort is similar to the EVC effort but displaced 
by about two years. The nature of HV technology means that major government 
involvement in HV development must be preceded by a detailed assessment to 
determine the potential of HVs to save petroleum. This study is now complete, 
and the results indicate that RVs can replace a significant amount of the 
petroleum used by CVs.6 

To convert th is theoretical potential into demonstrable results, 
DOE initiated an HV development program in 1978. Four separate contractors 
were selected for the design study, and one was selected to continue work on 
the detailed design, development, fabrication, and test of an experimental HV. 
Development of a near-term HV is in the final design stage. It coupl es the 
ETV-1 EV technol ogy with a fuel-injected, 8O-peak-hp gasoline engine. (The 
ETV-1 is the first DOE electric test vehicle, which was unveiled in June, 
1979.) Test vehicles will be delivered in 1982. 

1. 1 .5 Advanced Vehicle Development 

The purpose of this project is to develop and demonstrate by the early 
199Os a general- purpose EV or HV system that would not use petroleum and that 
would be completely competitive with CVs. More specifically, DOE has defined 
an "advanced vehicle" to be: (1) an EV or HV that does not use petroleum 
for its operation; (2) an EV or HV that uses nonpetroleum electricity-based 
systems, including fuel cells; or (3) an EV or HV with two or more power, 
fuel, or energy storage devices. 

A number of advanced technologies supported by DOE and 1n various 
stages of development have the potential to enhance greatly the capabilities 
or reduce the costs of EVs or HVs. In addition to the relatively short 
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range per charge, a further limitation to be overcome for full competitiveness 
in the marketplace is the 8- to 16-hr (depending on the charge voltage) 
recharge time required by current EVs. Some of the technologies that may 
provide improved performance are primary metal/ air batteries, fue 1 eel l s, 
high temperature batteries (e.g., lithium-metal sulfide [Li/S] batteries), 
inductive coupling to electrified roadways, and flywheels. Some of the 
advantages of flywheels are being defined through testing of the ETV-2, which 
is the second DOE electric test vehicle of very advanced design. Other 
approaches to extending the range of EHVs are rapid battery recharge and rapid 
battery exchange. 

1.2 PROGRAM MANAGEMENT 

Program management responsibility for the EHV program has been assigned 
to the Electric and Hybrid Vehicles Division in the DOE Office of Transpor
tation Programs. Management policy is to decentralize program implementation 
as much as possible. Management of specifically assigned tasks is being 
undertaken by the DOE Office of Advanced Conservation Technologies, by DOE 
laboratories (Argonne National Laboratory and Lawrence Livermore Laboratory), 
by DOE operations offices, by laboratories of the National Aeronautics 
and Space Administration (Jet Propulsion Laboratory and Lewis Research 
Center), and by federally contracted research centers (The Aerospace Corpora
tion). 
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2 ALTERNATIVES 

Section 2 presents alternative DOE EHV program funding levels and the 
EHV market penetration scenarios* and technology options associated with 
each. In particular, three levels of DOE investment are considered, from 
which five market penetration scenarios are developed. The EHV vehicle types 
and numbers in the market segments of each scenario are given. The EHV 
technology mix required for these scenarios to occur as described also is 
specified. The battery options selected as most probable include advanced 
Pb/ acid, Ni/Fe, Ni/Zn, and Li/S systems. The technical details supporting 
this approach are in Apps. A and B. 

This EA of a complex vehicle program considers an almost infinite set 
of advances in and combinations of EHV technology components. This degree of 
complexity is in contrast to many EAs that deal with one or more aspects of an 
individual facility, a piece of equipment, or a demonstration project. In 
addition, the vehicles will be driven by the general public on all types of 
roads and are, therefore, very different from specially constructed facilities 
operated only by trained personnel. Hence, the various DOE EHV program 
alternatives have been defined in terms of market penetration scenarios, each 
with their individual mix of vehicles, uses, and technological advances. This 
approach requires projections for many variables, including private sector EHV 
activity, liquid fuels prices and availability, advances in other transporta
tion technologies, and the many driving forces in society, as well as the DOE 
EHV program funding levels and technological breakthroughs in EHV components 
themselves. Each market penetration scenario combines a plausible set of 
projections for these variables and, based on the projections, delineates the 
types and numbers of EHVs that would be in operation under a specific DOE EHV 
program alternative. 

2.1 FUNDING LEVELS 

It is impossible to isolate the impact that the DOE EHV program is 
having on the development and commercialization of EHVs. However, the 
impact is undoubtedly great and is in proportion to the level of funding the 
program receives which, in turn, determines the amount of R&D, demonstrations, 
grants, and incentives the program can generate. Although the rate of tech
nological advance is related to R&D funds, a random component is always 
present that makes defining the market impact of an R&D dollar difficult. 
Similar problems arise when attempting to measure the market penetration 
impact of funds spent on demonstrations, grants, and incentives. Therefore, 
only broad estimates of the relationships between DOE EHV program funding and 
future EHV markets can be made, but such estimates are necessary to link the 
level of DOE effort and the resulting environmental impacts. 

The three levels of DOE investment that are considered are illustrated 
1n Fig. 2 . 1 . The figure also shows two current DOE budget levels to 1986. 
Table 2.1 summarizes the most probable federal activities at each investment 
level. 

*The term scenario means an internally consistent description of a poten
tial future. 
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Three Ranges of Funding Levels for DOE EHV 
Program and Two DOE Budget Levels to 1986 

The low funding level allows completion of the current demonstra
tion and little else . Medium funding is more than twice as high as low. High 
funding is about three times greater than the medium level . Few program 
choices exist at the low level. Under medium and high, the program takes on 
similar tasks, but medium assumes a slowly increasing level of effort over the 
next several years, which then remains at fairly constant levels until 1995 . 
High assumes a significant increase in the level of effort in the near term 
and maintains that level through 1995. The high alternat ive is basically an 
all - out federal EHV effort, where all DOE program elements are pursued vigor
ously . (Other federal, state, local, and private programs are expected to 
complement the federal effort.) DOE incentives to manufacturers and EHV 
owners are significant, as are improvements in vehicle performance as a 
result of R&D e ffo rt. The result of all these efforts is that mos t of the 
above program elements are exercised successfully. In contrast, the medium 
level requires decisions on which pr ogram elements to emphasize, and several 
combinations of successes and failures are possible. In general, however, 
medium is an extension of the current program · with both higher and longer 
fund i ng levels than the low option. 



Program Element 

Demonstration 

Battery R&D 

Component R&D 

Incentive loan 
and grant 
program 

Other federal 
programs 

Table 2.1 . DOE EHV Program Alternatives 

Low 

Conducted as currently 
mandated; only 10,000 
vehicles purchased; 
basically a market 
demonstration. 

Concluded in 1986 with 
little success because of 
lack of good technology. 

Program funding tapers to 
zero by 1985. 

Only as in current 
demonstration. 

Negative effect on EHVs 
because CVs are made 
environmentally accept
able and liquid fuels are 
available. 

Medium 

Extended for one more buy 
of 10,000 EHVs in 1987-
1989 to demonstrate state 
of the art. 

Both nickel batteries 
demonstrated in vehicles 
in 1983; same for Li/S 
batteries in 1987; other 
batteries dropped from 
program in 1981. 

Few major breakthroughs 
but components designed 
for EHVs by 1984. 

Loans continue to 1990 
when large domestic firms 
start mass production; 
subsidies to buyers begin 
in 1985. 

Air quality program and 
basic research assist 
ERV penetration and 
technology; EHVs remain 
in CAFE after 1986. 

High 

Extended for one more buy 
of 15,000 EHVs in 1987 
and augmented in 1983- 1988 
to include engineering 
demonstrations (about 200 
EHVs per year ) . 

Both nickel batteries de
monstrated in vehicles in 
1981; same for Li/S 
batteries in 1984; other 
batteries dropped from 
program in 1981. 

Major breakthroughs in 
most areas, with each 
designed for EHV applica
tion by 1982. 

Loans at high level to 
1988 and continuing for 
small firms at low level 
to 2000; subsidized 
operating costs begin in 
1985 . 

Same as medium level plus 
strong EHV incentives and 
CV disincentives (CV-free 
zones become common, in
tercity transpor t im
proves, and high gasoline 
taxes begin in 1982); 
government fleets become 
mostly EHVs; EHVs remain 
in CAFE after 1986. 

-..J 
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2.2 MARKET SCENARIOS 

The three funding levels suggest a corresponding se t of probable market 
penetration scenarios. LOW I, MEDIUM , and HIGH I are EV-only scenarios, 
while LOW II and HIGH II have both EVs and HVs. A BASE (CV-only) scenario 
is used throughout the assessment for comparative purposes, even though 
the current momentum in the EHV program makes such a scenario unreal istic . 
Market projections are made for 1985, 1990, and 2000 . 

Figure 2. 2 and Table 2 . 2 show the total number of EHVs in use in the 
United States for each scenario. Table 2.2 also summarizes vehicle sales by 
type, scenario, and year. The EHVs are assumed to substitute for CVs on a 
one- for-one basis. Section A. 2 (Sec. A. 2 of Appendix A) presents the mathe
matical relationships used to derive the growth curves and the rationale for 
the market penetrations, and Sec. A.3 discusses the vehicle manufacturers for 
each scenario. 
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Table 2.2. On-the-Road EV and HV Tot als and Vehicle Sales by Vehicle 
Type, Scenario, and Year (thousands of vehicles)a 

··-------- --- ---------------- -------------- ---- ------·----------- --- --

LOW I 
Vehicle 

Type 
---------- -

·----
EV Trucks 

Total 
Sales 

HV Trucks 

Total 
Sales 

EV Busesb 

Total 
Sales 

EV Autos 

Total 
Sales 

HV Autos 

1985 

34 
10 

0 
0 

0 
0 

20 
6 

Total 0 
Sal es 0 

Total HV 0 
Sales HV 0 

Total EV 54 
Sales EV 16 

Total EHV 54 

Sales EHV 16 

1990 2000 1985 

131 2,000 34 
43 641 10 

0 
0 

10 
3 

70 
23 

0 
0 

60 
20 

13 
5 

0 
0 

940 20 
300 6 

0 0 7 
0 0 3 

0 0 20 
0 0 7 

211 3,000 54 
69 961 16 

211 3,000 74 

69 961 23 

Scenario 

LOW II MEDIUM - ---
1990 2000 1985 1990 2000 

131 2,000 55 
43 641 21 

64 1,370 
28 525 

0 

0 

10 
3 

70 
23 

60 
20 

0 
0 

940 30 
300 11 

32 626 0 
14 236 0 

96 2,000 0 
41 761 0 

211 3,000 85 
69 961 32 

307 5,000 85 

110 1,722 32 

245 4,750 
92 1,720 

0 
0 

40 
15 

0 
0 

190 
49 

125 3,060 
47 1,130 

0 0 
0 0 

0 0 
0. 0 

410 8,000 
154 2,900 

410 8,000 

154 2,900 

HIGH I ·---- ----- -- -
1985 1990 2000 

116 525 13,000 
40 232 4,520 

0 
0 

2 
l 

0 
0 

80 
31 

0 
0 

250 
60 

50 350 10,800 
29 159 3,760 

0 0 0 
0 0 0 

0 0 0 
0 0 0 

168 955 24,000 
70 420 8,340 

168 955 24,000 

70 420 8,340 

HIGH II ---
1985 1990 2000 

116 472 8,780 
40 183 3,105 

0 
0 

2 
l 

62 5,300 
33 2,040 

72 
26 

121 
43 

50 298 6,990 
29 140 2,310 

0 52 2,820 
0 29 l ,080 

0 114 8,110 
0 62 3,120 

168 840 15,900 
70 349 5,460 

168 955 24,000 

70 411 8,580 

EHVs (i.)C 0.04 0.13 1. 7 0 .05 0.20 2.8 0 . 06 0.26 4.5 0.11 0.61 13.7 0.11 0.61 13. 7 

aNumbers may not add due to rounding. 

bNo HV buses charac t e rized or assessed. 

CPercentage of total small highway vehicles. 

\0 
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The LOW scenarios are relatively probable from a technological point of 
view . The other scenarios depend on significant technological advances in 
battery technology that are relatively unlikely, even with strong federal 
support. For example, the HIGH I scenario requires early and successful 
commercialization of Ni/Zn batteries and mid-term commercialization of the 
Li/S battery. Given these prerequisites, the probability of HIGH I is less 
than one in five. 

2.2.1 Reference Scenario 

The LOW and MIDDLE scenarios are variations on the mid-reference 
scenario used by DOE.7 This reference scenar i o is mildly optimistic in 
terms of basic societal driving forces: population size and distribution, 
national economics, national prevailing attitudes, and technological advances . 
The standard of living continues to increase, but there are no major changes 
in the quality of life. Migration to suburbia and the sunbelt continues as do 
increases in per capita gross national product (GNP). I t is the most probable 
scenario of the set chosen by DOE for planning purposes. Figure 2.3 presents 
U.S. population and GNP growth through 2000 for this scenario. 

Because of postulated liquid fuel shortages, the HIGH scenarios contain 
an element of urgency that is not in keeping with the status quo nature of 
the reference scenario. Nonetheless, the important parameters of population 
and propensity for travel do not vary for these scenarios before 2000. 
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2.2.2 LOW Scenarios 

The LOW scenarios represent a phaseout of all government EHV-related 
programs by the 1986 conclusion of the current demonstration. Few battery 
technology advances are foreseen. The Pb/acid battery dominates the vehicle 
population through the end of the century, though the Ni/Zn battery begins 
significant penetration after 1990. Availability of liquid fuels, including 
alcohol and broad-cut petroleum fuels, remains high, and Stirling and/or gas 
turbine engines are commercialized in the 1990s. The few Otto-cycle engines 
that remain in transportation use are quite efficient. Little shift away from 
automobile travel is foreseen. CVs, including the advanced heat engines, 
become environmentally acceptable, and the federal air quality program has 
little or no EHV emphasis. I n the private sector, a few domestic EHV mass 
production lines are in operation in the 1990s. Table A.l summarizes the 
projections for the major variables of the LOW scenarios . 

In environmental assessments, a no-action alternative is normally dis
cussed. In this case, because the EA analysis st arts in 1985 and the current 
EHV legislation ends in 1986, and because the LOW scenarios r e presen t a 
phaseout of all government EHV-related activity by 1986, the LOW scenarios 
represent the no-action alternative. 

Study of the individual vehicle types characterized for this assessment 
shows that the three million EVs in 2000 in LOW I a nd LOW I I can be achieved 
through penetration of markets for which a 50- to 75-mi range is satisfactory. 
Highest penetrations are postulated for commercial trucks operating in f leets. 
Because the 50- to 7 5- mi range is acceptable for these market segments, the 
established Pb/acid batt e r y is tough competition for other battery types. I n 
LOW II, the two million additional HVs do not compete with the EVs because 
they are used for longer-range missions . 

2.2.3 MEDIUM Scenario 

The MEDIUM scenario is based on government EHV activity increasing over 
the next several years and then remaining at fairly constant level s to 1995. 
Battery technology advances occur . The Ni/Zn battery takes over domination of 
the market from the Pb/acid battery by 1990, and the Li/S battery is success
fully commercialized. Liquid fuel remains available, but costs are relatively 
high. The Stirling and/or gas turbine e ngines penetrate some markets, but the 
Otto-cycle CVs us ing petroleum-based fuels still hold 50% of the market. As 
in the LOW scenarios, little shift is seen from automobile travel to other 
modes. Federal air quality regulations encourage but do not mandate EV 
utilization. For example , CV-free zones in several urban areas* are estab
lished, government fl eets include many EVs, and control technology limits CV 
performance somewhat. Private sector EHV activity i s moderate. Table A. 2 
outlines the projections made fo r the major variables o f the MEDIUM scenario . 

Government intervention probably will be required in the 1980s to 
stimulate EV sales sufficiently to obtain an EV population of eight million by 

*The phrase "urban area" as used in this EA is a general term. The phrase 
"urbanized area" is used whenever the Bureau of Census definit ion (i.e., a 
developed area within a Standard Metropol i tan Statistical Area [SMSA]) is 
appropriate . 
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2000 under this scenario . A government decision to includ e EVs in CAFE 
calculations is an example of such assistance . The fact that EVs have re
cently bee n included in CAFE calculations through 1986 by passage of P .L. 
96-185 moves EHV development closer to this scenario. 

The 50- to 150-mi range of the Ni/Zn vehicle opens new markets. 
Although these markets are still predominantly commercial, greater penetration 
in the personal-use market occurs. Personal light-light truck and private 
automobile owners in particular wil l shift to EV systems promising higher 
performance than the Pb/acid systems. Finally, ·Li/S batteri es, with their 
potential for lower life cycle costs, will begin to capture some of the market 
dominated by the Ni/Zn battery. 

2.2.4 HIGH Scenarios 

Four basic elements distinguish the HIGH EHV scenarios from the 
MEDIUM scenario: (1) longer range (for HIGH I, Li/S batteries used in EVs are 
fully commercialized in the 1990s; for HIGH II, Ni/Zn batteries used in HVs 
penetrate heavily in the last decade of the century); (2) rising prices, 
significantly lower availability, and sporadic but significant shortages of 
liquid fuels; (3) slow progress in the alternative heat engines program, and 
(4) local and federal EHV incentives (including tax credits to owners) con
current with CV disincentives , such as the enforcement of high air quality 
standards. The Otto engine continues to dominate the CV market. Private 
sector ERV activity 1.s high, with mass production beginning in the 1980s. 
Concomitant with the high rate of EHV substitution are increased use of mass 
transit , greater freight centralization, and improved distribution in all 
urban and suburban areas. Also, intercity bus and rail systems experience 
patronage increases, while per capita air travel drops significantly. Tele
communications is implemented with federal assistance. 

In essence, the HIGH scenarios assume a large measure of national 
urgency. The level of government EHV support is very high through 1995 in all 
areas (battery system R&D, raw material supply, production development, and 
EHV infrastructure subsidies) . The government takes strong measures to defray 
manufacturer and consumer risk and/or economic burden, and imposes CV disin
centives. Table A.3 summarizes the projections for the major variables of the 
HIGH scenarios. 

Under the impact of government pressure and in the course of inter
national events, purchasers of all vehicle types attempt to use EHVs if at all 
possible economically and if such vehicles fulfill prospective needs. In the 
mid-1980s, Pb/ acid batteries give way to Ni/Zn batteries in EVs. In the 
1990s, Li/S batteries in EVs penetrate in HIGH I and Ni/Zn batteries in RVs in 
HIGH II. These systems significantly penetrate nearly all markets. ERV 
automobile market penetration begins in earnest about 1990; approximately 50% 
of the 24 million EHVs in use in 2000 are personal use vehicles. 

2.2.5 Regional Variation 

The market penetration of EVs will vary among the differen t areas of 
the United States because of variable climatic, topological, and trip-making 
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characteristics. EV sales in each of 158 urbanized areas were modified 
from the national per capita mean based on temperature extremes, average 
trip length, average trip speed, average annual miles per vehicle, terrain, 
and price of gasoline relative to electricity. 

The method used in making the modifications employs 1990 projections of 
these variables and is explained in Sec. A.5. It generates a regional 
variation indicator that is: ( 1) 1 .0 for urbanized areas with average char
acteristics, (2) greater than 1 .0 for urbanized areas with . characteristics 
amenable to EVs (Miami scored highest at 1.239 because it is flat, has 
moderate temperatures, and requires relatively 1 i ttle freeway driving), and 
(3) less than 1.0. for urbanized areas having characteristics that conflict 
with EV performance (Colorado Springs scored lowest at 0 . 748). New York-New 
Jersey scored 1.128, while Chicago and Los Angeles scored 1.058 and 0.782, 
respectively. This indicator is used to distribute EVs to the various ur
banized areas to allow analysis of local impacts. 

2.3 VEHICLE TECHNOLOGY 

The details on future characteristics of batteries, the methods used to 
characterize the EHVs and CVs, and the detailed characterizations of the 
vehicles are presented in App. B. These characterizations include information 
on vehicle weight, range, and performance, and on vehicle materials require
ments. Also in App. B are descriptions of the processes associated with 
vehicle production (including battery manufacture) and with the fuels produc
tion necessary for vehicle operation. These descriptions include data on the 
energy required to produce the vehicle s and on associated emissions to the 
physical environment . 

Forty-eight electric, six hybrid, and seven conventional autos, buses, 
and light trucks of the future are characterized. The EVs incorporate either 
Pb/acid, Ni/Fe, Ni/Zn, or Li/S batteries. Each EV is designed to meet at 80% 
depth of discharge (DOD) the acceleration requirements of the Soc i ety of 
Automotive Engineers J227A Schedule D driving cycle, which includes a 0-45 mph 
acceleration in 28 s. In other words, the peak specific power of each EV 
battery at 80% DOD is sufficient to accomplish that acceleration. At less 
DOD, the EVs do even better. Th is capability means that each EV would be 
similar in performance to future CVs except for range. The range for an 
individual EV varies by battery type, and the ranges of different battery 
types improve over the course of the assessment timeframe. For example, a 
typical Pb/acid battery light truck in 1985 has a range of 50 mi, while the 
same vehicle has a range of 73 mi in 2000 . In the same year, the same type of 
truck, but with a Li/S battery, has a range of 220 mi. 

HVs are expected to incorporate either Pb/acid or Ni/Zn batteries. The 
characterized HVs are all parallel configured as shown in Fig. 2.4. Although 
less is known about future HVs than EVs because HV technology is less mature, 
it is possible to project a likely HV operation profile. For the first 47 mi 
(1985) or 69 mi (2000), the vehicle operates exclusively off batteries charged 
with electricity from the utility , except when rapid vehicle acceleration or 
hill-climbing requires the heat engine to provide additional power, which 
should be relatively infrequently. At about 47 mi (1985) or 69 mi (2000), the 
battery discharge reaches 80%, and the heat engine operates to extend the 
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vehicle's range. At this point, the battery assists the engine when peak 
power is required, and the heat engine maintains the battery at 80% DOD. The 
selected driving cycle for the HVs 1s a combination of 70% urban and 30% 
highway for automobiles and a delivery schedule for trucks. The HV performs 
exactly like a CV but should be plugged in when not 1n use. 

The EHVs are approximately the same size as the CVs they are expected 
to replace, but their gross vehicle weight (GVW)* 1s greater. A shift to 
lighter-weight materials is projected for both EHVs and CVs. In fact, light
weight materials are expected to be used to the same degree in EHV and CV 
bodies. 

The EHVs use sealed batteries and regenerative braking but not fly
wheels. The EHV battery chargers are on board. While DC motors and silicon
controlled rectifiers are dominant until about 1990, AC motors and power 
transistors are expected to dominate the market after 1990. All EHVs have an 
auxiliary battery for auxiliary electric systems operation. Sinc e a number of 
alternatives are possible, the technologies used for heating and air-condition
ing accessories are not specified (see Sec. B.l). 

Several types of batteries other than the four characterized for this 
analysis were considered and rejected based on a variety of criteria (see Sec. 
B.l). However, since the time of the battery characterizat ions, Zn/Cl battery 
developments have occurred that have resulted in its reevaluation as a near
term candidate. Although excluded from this EA, EHVs powered by Zn/ Cl bat
teries will be included in future EHV environmental analyses. Similarly, 
advanced vehicles other than the Li/S EV may be included in later s t udies. 

*Gross vehicle weight 1s the weight of the vehicle pl us payload. 
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3 ENVIRONMENTAL IMPACTS 

Section 3 de f ines the scope of the assessment and summarizes the 
expected environmental impacts for each of the five EHV market penetration 
scenarios . This summary is based on the analyses and detailed resul ts pre
sented in Apps. C-G. 

3.1 SCOPE 

This EA analyzes the environmental impacts expected to result from 
three different DOE EHV program f und ing levels and the five associated market 
penetration scenarios. Thus , the EA provides DOE, other federal agencies, and 
the genera l public with an overview of the impacts of different degrees of EHV 
market success. The EA also serves as the basis for deciding whether an 
environmental i mpact statement (EIS) is required for the DOE EHV program. 

Figure 3 .1 illustrates the scope of the assessment . It begins with 
the technologies and the scenarios that define the EHV system and concludes 
with environmental i mpact analyses for a broad range of subsystems where costs 
and benefits to the human environment may occur as a result of EHV commercial
ization . 

In the discussion that follows, the emphasis is usually on the HIGH 
scenario impacts . Although the probability is low that either of these two 
HIGH scenarios will happen, they are nonetheless possible outcomes of the DOE 
EHV program and do identify worst-case impacts . I n addit ion, the impacts 
associated with the HI GH I and II scenarios in 2000 do reflect the impacts 
most likely to be associated with the more probable MEDIUM scenario a few 
years beyond 2000. 

3.2 MATERIALS IMPACTS 

The analysis of natural resources focuses on 10 major ma terials (lead, 
nickel, cobalt. lithium, copper , boron, zinc, aluminum, iron, and steel) and 
energy. Although a more complete list of EHV materials appears in App. B, 
adverse environmental consequences, such as material supply and demand im
balances , are more l ikely to occur with these 10 materials. Energy impacts 
are discussed in Sec . 3.3. 

The methods and details of the materials analysis are presented in Sec . 
C.l. Section C.1.1 gives the methodology for determining the direct materials 
requirements of the EHV scenarios. Tables C.2- C.10 list the amounts of the 
10 major materials that EHVs require by scenario and by assessment year . 
These data assume battery replacement dur ing t he l i fe of the vehicle and 
improved metals recycling techniques . Recycl ing is assumed to occur at a 95% 
rate for battery materials and at a 90% rate for motor/controller/charger 
materials. The r e sults presented in most of the summary tables in Sec. 3.2 
are based on these assumptions . Since many technological barriers to this 
level of recycling remain for many of the materials analyzed, Tables C.2-C.10 
also give materials requirements without recycling. 
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ENVIRONMENTAL IMPACT ANALYSES 
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Fig. 3.1. Scope of the Assessment 

Section C.1.3 considers indirect materials requirements, such as 
the additional amounts of materials required for the machines to produce the 
EHVs. However, in no case are these additional amounts large enough to change 
the results o f the direct materials requirements analysis. Therefore, the 
following discussion considers direct materials demand only . Although the 
discussion does not explicitly state the materials requirements for CVs, 
these r equirements are already incorporated in the U. S. Bureau of Mines (BOM) 
materials estimates with which the EHV requirements are compared. 

In the following analysis, d i rect materials requirements are contrasted 
with major materials import percentages where appropriate . The materials 
import percentages of 1976 were used, because they were the latest availab l e 
at the time of the analysis (see Table 3.1). The high import levels of 
cobalt, nickel, and zinc cause several environmental consequences in the HIGH 
scenarios, even with recycling. These probl ems and the other supply problems 
noted i n Secs. 3.2.1-3.2.9 could be compounded by materials requirements for 
EHV development in other countries. The EA does not address world EHV devel
opment. 
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Table 3 . 1. 1976 Major Materials Import Percentages 

-- - --- -- - -- ---·---------- - - - - - --·-. 
Material a Percentage Importedb 

Lead 

Zi nc 

Nickel 

Copper 

Cobalt 
--- --·- - --------------- ---

15 

50 

soc 
13 

100 

arhe other five maJor materials are no t presented 
because their balance-of-trade impact is considered 
insignificant . 

bMost of these import percentages are obtained from 
the U. S. Bureau of Mines series "Mineral Commodity 
Profiles." Where calculations are needed to obtain 
these figures, the percentages are calculated as a 
percentage of total suppl y. 

cThis is a very conservative estimate of nicke l im
ports. 

Sources: Re fs 8-13. 

3.2.l Lead (Pb) 

Batteries used to start current CVs contain about 24 lb of lead . In 
1977, transportation was the major end use of lead , accounting for 71% of 
total U.S. demand, which was 1.5 million short tons. Automobile batteries 
accounted for 52% of total lead demand. Bureau of Mines projections for 
transportation demand in 2000 are 1.2-2.6 million short tons, with 1.7 million 
short tons as the most probable estimate. 8 These estimates are based on 
projected growth in GNP and other factors not related to EHVs . 

Lead resources are scattered widely throughout the world. The United 
States has the largest reserves and has been the l eading producer fo r several 
years, accounting for 16% of total world mine production in 1976.* In recent 
years, lead reclaimed from old scrap (chiefly discarded batteries) has aver-:
aged about 40% of total lead consumption, slightly more than was r ecovered by 
refiners of domestic ores. Domestic mine production has met over 65% of 
total U.S. primary demand for lead, the r emainder coming from imported 
materials and sal es of stockpile excesses . Total domestic produc tion, includ
ing both primary and secondary metal, was over 75% of total industrial de
mand. 8 U.S. reserves of lead are situated primarily in the Mississippi 

*Reserves are economically recoverable materials, 1.e., materials avail
able at current prices. Resources are either undiscovered (hypothetical) 
or identified materials that are either economic or subeconomic at cur
rent prices. 
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Valley, especially in the Viburnum Trend, which is a westward extension of the 
old Missouri lead belt. Total U.S. reserves are estimated at 28.4 million 
short tons, with 20.6 million short tons located in Missouri. 

The BOM estimate for U.S. lead demand in 2000 is 2.3 million short 
tons, and the EHV lead requirements for each scenario are 1 isted in Table 
3.2. Current domestic measured and indicated (highly probable) reserves are 
nearly adequate to meet the probable lead demands based on the scenarios. 
Estimated U.S. reserves combined with efficient functioning of the lead 
recycling system are sufficient to achieve estimated yearly and cumulative 
demand. Recycling meets a significant fraction of total demand, and the 
vehicles themselves become a "rolling reserve" of lead for future batteries. 
This aspect of recycling is important for all of the metals considered. 

3.2.2 Nickel (Ni) 

Fifty percent of the 1976 U.S. nickel supply was imported, mainly 
from Canada, New Caledonia, and the Dominican Republic. While U.S. nickel 
reserves are small, the country does possess large amounts of nickel resources 
that could be exploited if technological and environmental problems are 
solved. Ocean nodules off our Hawaiian waters offer a potential source of 
nickel, provided the necessary processing and mining technologies can be 
developed and legal problems regarding mining rights and controls can be 
resolved. Recycling of secondary nickel is expected to occur when its avail
ability increases through EHV usage. However, no process now exists for 
recycling nickel into battery-grade, powdered nickel, which presently com
prises roughly 50% of the nickel in certain Ni/Zn batteries. The remainder of 
the nickel in the batteries is actually a lower- grade nickel of the type 
currently used in the production of stainless steel. 

Table 3.2. EHV Lead Requirements and Percentage of U.S. 
Demand, 2000 

- -·---·---- -----

Scenario 

LOW I 

LOW II 

MEDIUM 

HIGH I 

HIGH II 

EHV Lead Requirements 
(thousands of short tons 

with 95% recycling) 

292 

568 

173 

346 

346 

Percentage of U.S. 
Bureau of Mines 

U.S. Demand Estimatea 

13 

24 

7 

15 

15 

aEHV requirements are not included 1n BOM estimate. 

Source: Ref. 8. 
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U.S. nicke l mining operations have produced 13,200-15,600 short tons of 
nickel per year over the last 10 years. From 1966 to 1976, the United States 
produced 1.5-2.0% of the world's nickel supplies. Estimated 1976 U.S. nickel 
reserves were 200,000 short tons. 

The BOM estimate for U.S. nickel demand in 2000 is 560,000 short tons, 
and the EHV nickel requirements for each scenario are listed in Table 3.3. 
The large percentages in the last column occur because significant amounts of 
nickel are required for Ni/Zn and Ni/Fe vehicles. A large bus wi th a Ni/Zn 
battery uses 2550 lb of battery-grade nickel. 

If U.S. reserves do not increase, significant dependence on foreign 
supplies in the MEDIUM and HIGH scenarios wi 11 occur. Significant price 
increases are poss ible with such large increases in demand, especially since 
such a relatively small number of firms export our pr imary nickel supply. 

Several solutions to this apparent constraint on EHV market pene
tration are immediately evident. First, most of t he nickel requirements come 
from medium-light and heavy-light trucks and from small and large buses using 
Ni/Zn batteries. (These vehicles make up 66% of the nickel requirements in 
2000 in the MEDIUM and HI GH scenarios.) If Ni/Zn battery use were limited to 
certain vehicles, current import rates could be maintained. The second 
solution is to increase domestic nicke l supplies by passing legislation 
to encourage the development of offshore nodules and by developing mining 
technologies that would make known nickel deposits in the Duluth gabbro of 
northeastern Minnesota and deposits in Oregon, California, and Washington more 
commercially feasible. Table 3.4 shows that under the HIGH I I s cenario in 
2000 (the scenar io with the greatest EHV nicke l requirements), if only ocean 
mining projects were used to meet EHV-related nickel demand, 25 such projects 
would be needed. It is estimated that five to six American-owned projects and 
five to six foreign-owned projects will be in operation by 2000. It should be 
noted, however, that significant extra processing costs would be required to 
refine the nickel oxide from the offshore nodules into battery-grade, powdered 
nickel . 

Table 3.3. EHV Nickel Requirements and Percentage of U.S. Demand, 2000 

EHV Nickel Requirements Percentage of U.S. 
(thousands of short tons Bureau of Mines 

Scenario with 95% recycling) U.S. Demand Estimatea 

LOW I 30 5 

LOW II 30 5 

MEDIUM 334 60 

HIGH I 918 164 

HIGH II 1170 210 

aEHV requirements are not included 1n BOM es timat e. 

Source: Ref. 11. 

Percentage of 
Recent Domestic 

Produc t ion 

215 

215 

2390 

6560 

8360 
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Table 3.4. Material Output for an Ocean Mining Project and Number of 
Projects Needed to Meet HIGH II Demand in 2000 

Number of 
BOM HIGH II Mining 

Output per Demand 2000 EHV Operations 
Percentage Operation Estimatea Estimate to Meet 

Material of Nodule (short tons) (short tons) (short tons) EHV Demand 

Nickel 1.0 46,500 560,000 1,170,000 25 

Copper 1.0 46,500 5,100,000 723,000 16 

Cobalt 0.35 5,115 20,200 63,300 12 

aEHV requirements are not included in BOM estimate. 

A longer- term solution will occur naturally as gradual commercializa
tion of nickel battery vehicles builds up a stock of recyclable nickel. 
However, for the first seven or eight years of nickel recycling, recycled 
nickel will not be able to be refined economically into battery-grade nickel. 
Recycled nickel will go mainly to the stainless steel industry, and nickel for 
batteries will have to come from other sources. After this initial period, it 
is expected that a substantial amount of nickel will be refined to battery
grade material if recycling processes are developed as anticipated. Further 
analysis of nickel recycling processes and their impact on the availability of 
battery- grade nickel powder is necessary. 

3.2 .3 Cobalt (Co) 

The Ni/Fe and Ni/Zn batteries both require cobalt. Mining of cobalt in 
the United States ceased at the end of 1971, and all production since that 
time has been from relatively minor amounts of secondary material derived from 
recycled alloys. Since domestic reserves of cobalt are so low, the basic 
problems are excessive dependence (98%) on foreign sources and concentration 
of higher- grade deposits in so few areas of the world. From 1972 to 1975, an 
average of about 75% of U.S. imports originated from a Zaire government- owned 
company, which produces cobalt as a by- product of copper. In 1975 Zaire's 
share of total world cobalt mine production was 53%. 

This degree of dependence is expected to continue for many years. 
However, if cobalt prices were to increase or if new technology were to lower 
product ion costs, some U. S. identified resources may become economic. Al
though U.S. identified resources are second only to Canada, all of them are 
presently uneconomic. According to the U.S. Geological Survey , Minnesota 
possesses the largest identified resources in the United States, i . e., ap
proximately one billion pounds of cobalt as sulfide in the Ely area. However, 
if U. S. cobalt mining resumes, the Blackbird district of Lehmi County, Idaho, 
would be the most likely area because of its relatively high-grade ore (0.6%). 
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(It has recently been announced that mining of cobalt 1n the Blackbird dis
trict of Idaho will be resumed in 1982.) Nonetheless, the best short-term 
prospect for abundant supplies may be the development of cobalt-bearing 
manganese nodules on the Pacific Ocean floor. 

The BOM estimate for U.S. cobalt demand in 2000 1s 20,200 short tons. 
The EHV cobalt requirements for each scenario are lis t ed 1n Table 3.5. 

The cobalt cartel, which apparently exists, could significantly affect 
the supply and cost of cobalt. Solutions similar to those suggested for 
nickel hold true for cobalt. For example, domestic supplies could be increased 
if recovery technologies were improved. In addition, Table 3.4 shows that 
under the HIGH II scenario in 2000, 12 ocean mining projects would be needed 
to meet EHV excess cobalt demand. That number may be in operation by that 
time. 

Cadmium (a heavy metal with its own set of environmental consequences) 
is one of the materials under study as a substitute for cobalt in nickel 
batteries. A subsequent programmatic EA must address any substitute for 
cobalt. 

3.2 . 4 Lithium (Li) 

Lithium is needed for Ni/Fe and Li/S batteries. Since U.S . lithium 
reserves have been more than 
effort to assess resources. 
ducers, production data are 
tial company information . 

adequate to meet demand, there has been little 
Further, since there are relatively few pro

withhe l d by BOM to avoid disclosing confiden-

Some maintain that lithium reserves and resources are sufficient to 
meet estimated EHV demand. Others suggest that a serious shortage will occur 
1n 2000 because of EHV and fusion power developments. BOM estimates U.S. 
lithium reserves in 1976 at 410,000 short tons and world reserves at 2.2 

Table 3.5. EHV Cobalt Requirements and Percentage of U.S. 

Scenario 

LOW I 

LOW II 

MEDIUM 

HIGH I 

HIGH II 

Demand, 2000 

EHV Cobalt Requirements 
(thousands of short tons 

with 95% recycling) 

1.8 

1. 8 

18.0 

49.5 

63.3 

Percentage of U.S. 
Bureau of Mines 

U.S. Demand Estimatea 

9 

9 

89 

245 

314 

aEHV requirements are not included 1n BOM estimate. 

Source: Ref. 13. 
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mil 1 ion short tons. 14 The accuracy of these figures is open 
They are conservative 1n that they represent known reserves 
figures for lithium are much greater but include both known 
unknown resource estimates.15 

to debate.15 
only. Other 
reserves and 

If lithium demand were to increase at present growth rates of approxi
mately 5% per year, the total cumulative demand without lithium batteries 
would be 13,400 short tons in 2000. The HIGH I scenario (the only scenario 
with significant Li/S battery use) requires 172,000 short tons in 2000. Such 
a dramatic increase in production would pose serious 11 gearing up" problems for 
this small industry. Increased exploration, mining, refining, construction, 
and operating costs preclude the industry from meeting this projected 1285% 
increase in demand. Further, the industry is leery of government incentives, 
much less directives. In the past, the industry was told to 11 gear up 11 

for the nuclear industry, only to be glutted with overcapacity when demand 
failed to materialize. 

3.2 .5 Copper (Cu) 

Copper and copper compounds are relatively expensive materials and are 
required for Ni/Fe, Ni/Zn, and Li/S batteries and for the motors, controllers, 
and chargers in all EHVs. The United States is the leading producer of 
copper, with 1976 mine production of 2.2 million short tons of metal plus 
recycling of old scrap. Copper supplies entering domestic consumption from 
1965 to 1976 (excluding stock changes) were 64% from domestic mines, 23% from 
old scrap, and 13% from net imports. Imports in recent years have been 
largely from Canada, Chile, and Peru.12 The principal copper-producing 
states in 1976 were Arizona (63% of U.S. production) , Utah (14%), New Mexico 
(11%), Montana (7%), Nevada (4%), and Michigan (3%) . United States 1977 
reserves are estimated at 93 million short tons, with 320 million short tons 
additional estimated uneconomical and undiscovered resources. World re
sources are estimated at 2.5 billion short tons. None of these estimates 
includes potential deep-sea nodule copper deposits located off the Hawaiian 
coast. 

The BOM estimate of U.S. copper demand in 2000 is 5. 1 million short 
tons. The EHV copper requirements for each scenario are listed in Table 
3 . 6. The U.S . is largely self-sufficient with respect to copper and can be 
expected to remain so, even under the HIGH scenarios. A significant percen
tage of U.S. supply is met currently with secondary recovery of scrap, and 
the level of scrap recovery is expected to increase as the absolute amount of 
scrap increases and the price of copper continues to increase. 

Ocean mining is suggested as a remedy for copper shortfalls that may 
occur in the very long term. Twelve ocean mining projects may be in operation 
by 2000, and significant amounts of copper could be produced from the nodules. 
Sixteen such projects would be required to meet the copper demands of the HIGH 
II scenario (see Table 3.4). 

3.2.6 Boron (B) 

Boron is a component of the Li/S battery . Domestic production of boron 
minerals, primarily sodium borates, is centered in southern California. 
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Table 3.6. EHV Copper Requirements and Percentage of U.S. 
Demand, 2000 

EHV Copper Requirements Percentage of U.S. 
(thousands of short tons Bureau of Mines 

Scenario with 95% recycling) U.S. Demand Estimatea 

LOW I 49 1 

LOW II 101 2 

MEDIUM 152 3 

HIGH I 542 11 

HIGH II 723 14 

aEHV requirements are not included 1n BOM estimate. 

Source: Ref . 12. 

Domestic mine product ion was one mil 1 ion short tons in 1976. This met the 
domestic demand for boron of 105,000 short tons. Large domestic reserves of 
borates occur 1n California; 1977 estimated U.S. reserves are 20 million 
short tons. 

A relatively small increase in boron demand in 2000 is expected due to 
the Li/S battery. Domest ic and world reserves are adequate for hundreds of 
years. 

3.2.7 Zinc (Zn) 

Zinc 1s a significant component only in the Ni/Zn battery. While 
the United States is a major constuner of zinc (using about 20% of the total 
world supply in 1977), it produces only 8% of the primary zinc supply. Over 
the past 12 yr, imports of metal, ore, and compounds provided 48%; secondary 
zinc, 5%; net government releases, 5%; industry stocks, 11%; and U.S. mines, 
31% of total U.S. supply. 

Zinc deposits occur throughout much of the United States. They are 
found from Maine south through the Appalachian Mountains and up the Missis
sippi Valley into the Rocky Mountain states. Measured and indicated reserves 
are estimated at 24 million short tons. Reserves containing only zinc account 
for about one-third of domest i c reserves; extraction of the remaining two
thirds depends to some degree on the recovery of one or more coproducts or 
by- products. For example, nearly 37% of U.S. z inc reserves occurs as a small 
percentage of the total contained metal in southeastern Missouri lead depos
its. Inferred reserves (hypothetical, economic resources in known districts) 
and some identified, subeconomic resources total 25 mi l lion short tons.9 
Thus, total U.S. reserves plus uneconomic resources of zinc total 49 million 
short tons. Secondary sources should become increasingly important as im
proved recycling technology, potentially more favorable tax and freight rates 
for recycled materials, and greater public i nvolvemen t in the recycling 
movement result in increased scrap zinc recovery. Automobiles would provide 
most of the scrap . 9 
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The BOM estimate for U.S. zinc demand in 2000 is 2.2 million short 
tons, and the ERV requirements are listed in Table 3.7. These demands could 
be met with existing U. S. reserves. However, U.S. zinc refining capacity has 
been reduced 50% since 1972 due to obsolescence and environment constraints 
(e.g., limits on SOx emissions). Smelting capacity may need to be expanded 
significantly, and incentives may be necessary. Also, new recycling tech
nologies are required to achieve 95% recycling. 

3.2.8 Aluminum (Al) 

Aluminum is a significant component of the Li/S battery and the motor, 
controller, and charger. In addition, future vehicle bodies are expected to 
contain significant amounts of the material . Aluminum is the most abundant 
structural metal 1 ic element in the earth's crust. Principal deposits of 
bauxite, the main ore of aluminum, are located in l ess-developed countries far 
from the main aluminum-producing and -consuming centers of North America, 
Europe, and Japan. Known world reserves of bauxite are adequate to meet 
cumulative world demand beyond 2000. Domestic reserves of bauxite are equiva
lent to only two or three years' consumption at present rates and are more 
difficult to process than foreign bauxite . In addition, most of these re
serves are dedicated for use in two alwnina plants in Arkansas and can not be 
used efficiently in other existing alumina plants. Low-grade domestic bauxite 
resources also are inadequate to meet long-term demand. The United States has 
10 million short tons of domestic bauxite reserves and 40 million short tons 
of other presently subeconomic, hypothetical, and speculative resources . 
About 90% of the domestic supply of aluminum raw materials is imported. 

Both the short- and long-range strategic positions of the U.S. with 
respect to aluminum leave this country vulnerable to political and economic 
actions by other countries. The International Bauxi te Association (IBA) was 
organized in 1974 by most of the leading bauxite-exporting countries in order 

Table 3.7. ERV Zinc Requirements and Percentage of 
U.S. Demand, 2000 

Scenario 

LOW I 

LOW II 

MEDIUM 

HIGH I 

HIGH II 

ERV Zinc Requirements 
(thousands of short tons 

with 95% recycling) 

25 

25 

253 

681 

897 

Percentage of U.S. 
Bureau of Mines 

U.S. Demand Estimatea 

1 

1 

11 

31 

41 

aEHV requirements are not included in BOM estimate. 

Source: Ref. 9. 
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to increase their cont rol over bauxite operations and to increase revenues 
from bauxite production.16 This association i s a cartel much like the Oi l 
Producing and Exporting Countries (OPEC) cartel. However, several supply fac
tors have prevented IBA from dominating the aluminum industry. First, given 
present technology and industry practices, about 15% (720,000 short tons) of 
the aluminum in industrial and consumer products is expected to be r ecovered 
as old scrap over the next several decades. (For example, in 1977 the alumi
num industry purchased about six billion used aluminum cans weighing about 135 
short tons and representing 28% of the old aluminum scrap r ecyc l ed that 
year.) 16 Second, although bauxite is presently the main source of aluminum 
both domestically and abroad, other aluminum resources (kaolin clays, anortho
site, and alumite) are expected to be significant in the future. Although the 
United States has large alter nate aluminum resourc es that could supply ou r 
domestic requirements indefinit ely , projected costs would be too high based on 
the present state of research and deve l opment on technologies to exploit these 
resources. Moreover, from four to seven years would be required to select a 
process and to design , build , and test industrial-scale facilities to produce 
alumina from such materials. 

The United States should continue to be heavily dependent on foreign 
sources of bauxite, with or without EHV market penetration, unless there is a 
technological breakthrough. However, BOM is optimi stic about such a break
through and, if recycling of old scrap continues to increase, our domestic 
dependence on bauxite imports could decline significantl y . 

tons. 
would 
Table 

The BOM e stimat e for U.S. alumi num demand in 2000 is 20 million short 
EHV requ irements are calculated wi t hout recycling , because recycling 

not alter domestic supply and demand relationships substantially (see 
3 . 8) . 

Table 3.8. EHV Aluminum Requirements and Percentage of U. S. 

Scenar io 

LOW I 

LOW II 

MEDIUM 

HIGH I 

HIGH II 

Demand, 2000 

EHV Aluminum Requirements 
(thousands of short tons 

without recycling) 

122 

27 2 

376 

1110 

1690 

Percentage of U.S. 
Bureau of Mines 

U.S. Demand Estimatea 

1 

1 

2 

6 

8 

aEHV requirements are not included in BOM estimate. 

Source : Ref . 16. 
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The large amounts of electrical energy needed for primary aluminum 
production may slow EHV commercialization. For example, the continued avail
ability of relatively inexpensive electric power for aluminum production in 
the Pacific Northwest is uncertain. Based on projected supply and demand for 
electric power in the region, the Bonneville Power Administration announced in 
1976 that it will not renew its power contracts with the aluminum industry 
after present contracts expire in 1984-1988. Continued operation of aluminum 
plants in this area after this period will be contingent on allocation of 
available power among industrial, commercial, and residential users and on 
development of additional local energy sources, 16 If the domestic aluminum 
industry is forced to reduce production as a result o f reduced energy avail
ability, the expected probable demand could not be met. One result could 
be a slowdown in the commercialization of at least the Li/S EVs. 

3 . 2.9 Iron (Fe) and Steel 

Substantial amounts of iron and steel are used in Ni/Fe and Li/S 
batteries, and in the motors, controllers, chargers and vehicle bodies of all 
EHVs. Although the United States is the world 1 s fourth largest producer of 
iron ore, it is also a major importer. Imports have been supplying about 
33% of the iron ore required by the U.S. steel industry, whereas they 
supplied less than 5% in 1953. The decline in U. S. iron ore production has 
occurred because most U.S. ores are relatively low grade and comparatively 
costly to produce. And, the increasing availability of low-cost, high-grade 
foreign ore has become a way to combat growing competition from the recon
structed steel industries of Europe and Japan. However, production of high
grade taconite pellets started in the 1950s, and a $2 b i llion investment 
between 1973 and 1980 has increased their production . By 1980 imports are 
anticipated to have decreased to about 25% of U.S . ore requirements, and this 
import percentage should continue to 2000. 

Identified world iron ore resources total more than 215 bil l ion short 
tons of iron. World reserves are adequate to supply projected demand well 
into the 22nd century . U.S. reserves are four bi 11 ion short tons of iron 
and are more than adequate to meet expected demand.17 

EHVs are not expected to change existing 
ships for iron ore or iron and steel production. 
demand is only a small percentage of U.S. demand. 

3.3 ENERGY COMPARISON 

supply and demand relation
In all five scenarios, EHV 

Energy losses and subsidies are associated with the extraction, produc
tion, delivery, and consumption of different forms of energy. In this anal
ysis, energy resources and subsidies embodied in the product i on and operation 
of EHVs are compared with those of CVs . In particular, energy consumption is 
assessed in order to compare the level of petroleum use in the production and 
operation of CVs with the level of petroleum use that would resu l t from 
introduction of EHVs . 

The detailed energy analysis is presented in Sec. C.2. Two analytical 
approaches are used. The first sets the boundary for energy analysis at the 
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mine mouth or wellhead. Under this recovered resource approach, EHVs require 
more energy, both by scenario and on a per-mile basis. As shown in Table 3.9, 
the greatest increase in 2000 over CV energy requirements for production and 
operation is 23% (LOW II). On a per-mile basis (see Table 3.10), the greatest 
increase is 36% (HIGH I). Both EHV operation and production energy require
ments are greater than those for CVs. However, EHVs require less petroleum 
than CVs. When estimated petroleum requirements for both vehicle product ion 
and operation (including some external subsidies) are calculated, EHVs require 
22-36% of the petroleum required by CVs in 2000 (see Table 3.11). 

Table 3.9. EHV and CV Operation and Production Energy, Re
covered Resource Approach (t rillions of Btu)a 

1990 

EHV Operation 
EHV Production 

Total EHV 

CV OperationC 
CV Product iond 

Total CV 

% EHV of CV 

2000 

EHV Operation 
EHV Production 

Total EHV 

CV OperationC 
CV Productiond 

Total CV 

% EHV of CV 

LOW I LOW II 

15 27 
7 11 

21b 38 

14 23 
5 8 

19 31 

114 125 

231 509 
95 177 

325 686 

219 424 
73 135 

292 559 

111 123 

arncludes external subsidies. 

Scenario 

MEDIUM 

32 
21 

53 

30 
15 

45 

119 

707 
332 

1039 

694 
228 

922 

113 

bcolumns do not always sum because of rounding. 

HIGH I 

84 
58 

141 

76 
38 

114 

124 

2294 
1050 

3345 

2207 
650 

2857 

117 

csame CV vehicle miles traveled (VMT) as EHV VMT for each 
scenario and year. 

dsame number of CVs produced as EHVs. 

HIGH II 

87 
53 

139 

77 
35 

112 

124 

2458 
1011 

3469 

2185 
693 

2878 

121 



29 

Table 3.10 . ERV and CV Operation and Production Energy, 
Recovered Resource Approach (thousands of 
Btu per mile)a, b 

Vehicles Produced in 1985 
and Operating in 1990 

LOW I LOW II MEDIUM HIGH I HIGH II 

ERV 10 . 5 11.2 12.3 12.9 12.6 

CV 8.7 8.7 9.9 10.0 9.4 

% ERV of CV 121 129 124 129 134 

Vehicles Produced in 1995 
and Operating in 2000 

LOW I LOW II MEDIUM HIGH I HIGH II 

ERV 9.8 10.9 9.3 10.9 9.7 

CV 8.4 8.3 8.3 8.0 8.0 

% EHV of CV 117 131 112 136 121 

arncludes external subsidies. 

bproduction energy for CVs adjusted to account for the 
fact that fewer CVs are required to travel the annual EHV 
VMT. 

The second approach sets the boundary for energy analysis at the in 
situ resource level, which includes unrecovered resources either left in the 
ground, damaged, lost, or otherwise degraded, and generally unavailable given 
current extractive technology and economics. Under this second approach, EHVs 
require more energy for production than CVs but substantially less for opera
tion. In fact, when both production and operation in situ energy requirements 
are totaled, EHVs require less energy, both by scenario (see Table 3.12) and 
on a per-mile basis (see Table 3.13). At worst, EHVs require 78% of the in 
situ energy required by CVs, both by scenario and on a per-mile basis (LOW 
II). As before, EHVs require less petroleum than CVs. 

The Btu values of the different energy resources used in the production 
and operation of vehicles are summed, even though they are not readily inter
changeable. They are summed in this analysis to provide a perspective on the 
relative energy requirements of EHVs and CVs. 
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Table 3.11. EHV and CV Operation and Produc tion Petroleum 
Requirements, Recovered Resource Approach 
(trillions of Btu)a 

Scenario 

LOW I LOW II MEDIUM HIGH I 

1990 

EHV Operation 2 7 5 15 
EHV Production 2 3 6 15 

Total EHV 4 10 11 30 

CV Operationb 14 23 30 76 
CV ProductionC 1 2 4 10 

Total CV 15 25 34 86 

% EHV of CV 28.2 38.3 32 . 7 34.8 

2000 

EHV Operation 29 116 100 366 

EHV Product ion 23 44 82 259 

Total EHV 53d 160 182 625 

CV Operationb 219 424 694 2207 
CV Productionc 18 33 56 161 

Total CV 237 458 750 2367 

% EHV of CV 22. 2 35.0 24.3 26.4 

aincludes external subsidies. 

bsame CV VMT as EHV VMT for each scenario and year. 

csame number of CVs produced as EHVs. 

dcolumns do not always sum because of rounding. 

HIGH II 

18 
14 

32 

77 
9 

86 

37.2 

588 
250 

837 

2185 
171 

2357 

35.5 

Several items involving energy expenditure are not included in this 
analysis. In particular, where the energies necessary at certain points in 
the EHV and CV energy trajectories are the same or nearly the same, they are 
generally excluded from the overall comparison. For example, the energy 
necessary for highway construction and maintenance, and the energy used i n 
vehicle disposal are not included. 

Also excluded is the energy needed to service EHVs and CVs. EVs 
should be more reliable and easier to maintain and, therefore, should r e quire 
less downtime than CVs. Overall, less energy should be consumed in servicing 
EVs. HVs, because of their dual power sources, should be more complex to 
maintain and should require more energy for servicing. Second, t he energy 
consumed by heaters and air conditioners is not included. As shown in App. 
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Table 3.12. EHV and CV Operation and Production Energy, 
Situ Resource Approach (trillions of Btu)a 

Scenario 

LOW I LOW II MEDIUM HIGH I 

1990 

ERV Operation 22 44 48 126 
EHV Production 12 20 38 103 

Total EHV 34 64 86 223b 

CV Operationc 38 63 83 213 
CV Productiond 9 14 27 67 

Total CV 47 78 110 280 

% EHV of CV 71.6 81.8 78.0 81.5 

2000 

EHV Operation 322 794 1005 3335 
ERV Production 165 308 577 1826 

Total EHV 487 1102 1582 5161 

CV Operationc 614 1189 1943 6182 
CV Productiond 127 234 397 1131 

Total CV 740 1423 2340 7313 

% EHV of CV 65.7 77 .4 67.6 70.6 

aincludes external subsidies. 

bcolumns do not always sum because of rounding. 

csame CV VMT as EHV VMT for each scenario and year. 

dsame number of CVs produced as EHVs. 

In 

·-----

HIGH II 

135 
94 

228 

215 
63 

277 

82.2 

3887 
1757 

5644 

6122 
1205 

7327 

77 . 0 

B, these accessories cou-ld be operated by batter i es (which would affect 
vehicle range), by liquid fuel (heaters), or by other technologies of varying 
energy requirements. While these two energy items are not included, they do 
not appear to affect the general conclusions of the analysis . 

3.4 ECOSYSTEM IMPACTS 

The national and regional ecosystem impacts of EHVs are very difficult 
to evaluate. In general, ecosystem analysis is site specific because of local 
variations in soils, climate, topography, and biotic and abiotic factors. 
However, the results of the air quality, water quality, and solid waste 
analyses indicate some general areas of concern with respect to EHV impacts on 
ecosystems: 
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Table 3.13. EHV and CV Operat i on and Production Energy, 
In Situ Resource Approach (thousands of Btu 
per mile)a,b 

Vehicles Produced 1n 1985 
and Operating in 1990 

LOW I LOW II MEDIUM HIGH 1 HIGH II 

EHV 16 .0 18.3 18.9 20.0 20 . 0 

CV 23.6 23.6 26.6 26.9 25 . 2 

% EHV of CV 67.8 77 .5 71.1 74.3 79.4 

Vehicles Produced in 1995 
and Operating in 2000 

LOW I LOW 11 MEDIUM HIGH I HIGH II 

EHV 14 .1 17.3 13 .6 16.2 15.5 

CV 22 . 7 22.3 22.6 21.6 21. 8 

% EHV of CV 62.l 77 . 6 60.2 75.0 71.1 

alncludes external subsidies. 

bproduction energy for CVs adjusted to account for the 
fact that fewer CVs are required to travel the annual EHV 
VMT. 

1. Potential introduc tio n of increased and diverse 
quantities of metals and metal cations into the environ
ment during all phases of EHV production, operation, 
materials recycling, and vehicle disposal. 

2. Erosion and sedimentation resulting from mining of all 
EHV materials and fuels. 

3. Nitrate residues from the m1n1ng operations required 
to produce and operate EHVs. 

4. Air pollution, particularly sulfur oxide (SOx) for-
mation, from EHV manufacture and operation. 

5 . Thermal pollution from power plants . 

6. Solid wastes from EHV operation and production . 

Other incremental pollutant problems were identified during the air, 
water, and solid waste assessments, and some of these will affect local 
ecosystems. However, they were considered ins ignific ant nationally or re
gionally, or their broad impacts were too poorly understood to warrant dis
cussion. 
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No overall assessment of EHV versus CV impacts on ecosystems can be 
made . Also, it is impossible to conclude that any of the ERV scenarios will 
have a greater or lesser impact on ecosystems than any of the other sce
narios. There are no generally accepted thresholds of significance for 
ecosystem effects that could be used to make such an assessment. The EA does 
give detailed outlines of the general areas where ecosystem impacts might 
occur. Water, air, and terrestrial pathways are discussed separately; 
however, of the three pathways, the most significant ecosystem impacts result 
from materials transported through water. The details of the analysis are 
presented in Sec. D. l . 

There are many ecosystem impacts associated with the mining and pro
cessing of the materials and fuels required for vehicle production and 
operation. Since ERVs require greater quantities of materials in their 
production, increased quantities of metals and metal cations (with their 
potential for adverse health impacts) will be introduced into the environment, 
particularly through water pathways. 

More mining is required for EHVs than for an equivalent number of CVs; 
therefore, more erosion and sedimentation can be expected, both of which are 
serious water quality problems. With respect to ERV fuels extraction, much 
of that mining will occur in regions where l imited availability of water 
already poses problems . However, the magnitude and significance of the 
problems for all these impact areas must be determined on a site-specific 
basis. 

Nitrate residues from mining operations disrupt the equilibrium of 
local ecosystems. Concentrat i ons up to 760 times normal background have been 
observed in mine waters. As with other ecosystem impacts, these problems are 
site specific and must be addressed at that level. 

The ERV scenarios show significantly higher local production of SO . 
Since SOx contributes to the formation of acid rain (approximately 60%) ,f8 
increased injury to vegetation can be expected, which affects animals in
directly through their habitat. Impacts on the aquatic environment are severe 
and can result in fish kills . Any linking of these types of problems to EHV 
operation must be done on a site-by-site basis. 

The impacts of thermal pollution from power plants also will be l ocal
ized and can be devastating to aquatic environments. Moreover, many pollu
tants are transmitted by cooling water discharges, stack gases, and water 
vapor from cooling towers. Existing water effluent standards promulgated by 
the U.S. Environmental Protection Agency (EPA) and regulations of state 
agencies responsible for issuing power plant construction and operation 
permits should mitigate many of these potentially negative impacts. On the 
positive side, EHVs will be replacing CVs, whose exhaust heat contributes to 
the formation of heat islands that affect local weather conditions. The 
contribution of CV operation to such heat island formation will decrease, 
though perhaps only slightly, with ERV market penetration. 

The ERV scenarios result in greater quantities of solid waste than 
would be produced by an equivalent number of CVs . Solid waste may contaminate 
groundwater as it decomposes. In addition, it produces decomposition gases 
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(e.g., methane and carbon dioxide [COz]) and odors . Landfill processes 
cause erosion and sedimentation. The ecosystem impacts, however, can be 
minimal assuming the regulations for hazardous waste disposal resulting from 
the Resource Conservation and Recovery Act (RCRA, P. L. 94-580) are enforced 
and existing control technology is properly applied to other wastes generated 
by EHVs. 

3.5 PHYSICAL ENVIRONMENT IMPACTS 

3.5.1 Air Quality 

3.5.1. 1 Summary 

The air quality impac ts of the five EHV scenarios result from produc
tion of vehicles, operation of vehicles, and production of fuels for vehicle 
operation. The method and details of the analysis are presented in Sec. D.2. 
I n general, the analysis is based on: (1) projections of nuclear power 
generation made prior to the Three Mile Island incident, (2) off-peak charging 
of virtually all EHVs, and (3) application of 1975 new source performance 
standards (NSPS) to the power plants needed to generate electricity for EHV 
operation, Decreased availability of nuclear power; greater charging of EHV s 
during peak hours, which would mean more use of peak-load fossil-fuel power 
plants; and application of 1979 NSPS for power plants would modify the results 
presented below. Further , stricter standards for other industrial processes 
are expected to be promulgated within five years. These s tandards also would 
modify the following results to some extent. 

Based on the assumptions stated above , the follow ing air quality 
impacts are anticipated. More emissions to the air result from the production 
of EHVs than from an equivalent number of CVs. For vehicle operation, load
ings of four of the f ive principal pollutants for which national ambient air 
quality standards have been promulgated generally decrease with increased EHV 
operation, wh ile SOx loadings increase. Depending on the s cenario , COz 
generation in 2000 from vehicle operation increases or decreases with market 
penetration of EHVs. Fuels production for EHV operation increases SOx 
and particulate loadings but decreases nitrogen oxide (NOx), hydrocarbon 
(HC), and carbon monoxide ( CO) burdens. When all phases of product ion and 
operation are combined, EHV market penetration leads to substantial in
creases in SOx, some r eduction in particulates, and substantial decreases in 
NOx, HC, and CO. 

National increases in air pollutants from the production of EHVs 
(materials mining and processing and battery and vehicle manufacturing) 
are represented in Table 3.14 for the five princ ipal pollutants. These 
increases vary by pollutant and scenario, and range from 150% to 960% compared 
to levels associated with the production of an equivalent number of CVs. 
Table 3.15 relates national EHV emissions from fuels production to CV emis
sions for these same pollutants. Particulate emissions increase by a factor 
of 12 and SOx emissions by a factor of five in 2000 with penetration of 
EHVs. Other air pollutants generated in vehicle and fuels production are 
shown in Sec. D.2. Increases in four of these other air pollutants are 
discussed in Sec. 3.7.1. 
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Table 3.14. Ratio of ERV to CV Vehicle Production Air 
Emissions by Pollutanta,b 

Scenario 

Pollutant LOW I LOW II MEDIUM HIGH I HIGH II 

1990 

co 6.0 4.5 2.5 1.8 3.6 

HC 1.5 1. 5 1.4 1.5 1.5 

SOx 9.2 9.1 4 . 7 5.0 5.3 

NOx 3.2 2.8 1.6 1.8 1. 9 

Particulates 2.0 2.0 1.6 1. 7 1. 7 

2000 

co 5.0 5.2 2.2 2.0 1.8 

HC 1.6 1.5 1.5 1.5 1.5 

SOX 9.6 9.1 5.0 4.3 4.4 

NOx 2.8 2.8 1. 8 1.6 1. 6 

Particulates 1. 9 1.6 1. 7 1. 7 1. 7 

aAir emissions for CVs are based on the same number of CVs 
produced as EHVs for each scenario and year. 

bsee Tables D.l - D.10 for actual pollutant burdens. 

Table 3 .16 relates national EHV and CV emissions to the air for the 
same VMT. The EHV scenarios generate more SOx nationally as a result of 
vehicle operation because of the amount of electricity provided by coal , oil, 
and natural gas power plants. The amount varies by scenario and year, but 
fossil fuels generally provide 70% in 1990 and 60% in 2000. The remainder i s 
nuclear except for approximately 1% from other sources. Appendix F provides 
details of the utility fuel projections. In addition, as shown in Sec. D.2, 
variations occur among urbanized areas and regions depending on the types and 
amounts of fuels used to generate e l ectricity in these areas and depending on 
whether 1975 or 1979 NSPS apply. Urbanized areas that use primarily nuclear 
power to fuel EHVs may, in fact, experience a reduction in SOx emissions 
with EHV penetration. This implies that power plant emissions occur in the 
same general location as vehicle operation, which is not always the case. 

Tables 3.17 and 3.18 present the total loadings of SOx, HC, NOx, CO, 
and particulates for EHVs and CVs for each scenario in both 1990 and 2000. 
Emissions from vehicle and fuels production and vehicle operation are summed. 
For CVs, emissions from vehicle operation are much greater than those from 
vehicle or fuels production. For EHVs, vehicle operation also generates the 
greatest proportion of SOx, NOx, and CO . However, vehicle production 
generates the greatest proportion of HC emissions associated with the EHV 
scenarios. All three factors (vehicle operation, vehicle production, and 
fuels production) contribute substantial l y to the particulate load of the EHV 
scenarios. 
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Table 3.15 . Ratio of EHV to CV Fuels Production and 
Transport Air Emissions by Pollutanta, b 

--- -- - - ------ ·- ·-----·--· 
Scenario ·------ --

Pollutant LOW I LOW II MEDIUM HIGH I HIGH II 

1990 

co 0.3 0.4 0.3 0.3 0 . 4 

HC 0.4 0 . 5 0.4 0.4 0.5 

SOX 4. 3 4.5 4.3 4.4 4.4 

NOx 0.8 0.9 0.8 0.8 0 .8 
Particulates 12.1 12.6 12.3 12 .4 12 . 3 

2000 

co 0.3 0 .4 0 . 3 0.3 0.4 

HC 0 .4 0. 5 0.4 0.4 0 . 5 

SOX 5.1 5.2 4.8 4.6 4 . 6 

NOx 0.8 1.0 0 . 8 0.8 0 . 9 
Particulates 12.6 12.7 11. 9 11 . 8 11. 6 

---- - ·- - ----

aAir emissions for CVs are based on CV fue l requ i rement s to 
operate the same VMT as EHVs for each scenario and year. 

bsee Tables D.46-D . 56 for ac tual we ights o f pollutants. 

As noted above, the SOX i ncrease associate d with the EHV scenarios 
will be substantial, 1. e. , over eight times greater in each scenario in bot h 
1990 and 2000. To put this increase in perspect ive, SOX generation asso
ciated with EHVs in 2000 represents 0.3-2.6% (depending on the sce nar i o) o f 
1975 nationa l SOx emissions (see Tab le 3.19). In comparison, the SOx 
em i ssions ass oc iat ed with a s i mi lar number of CVs would be 0 . 03 - 0 .3 % of 
1975 national SOx emissions. If lower proj ec t i ons of the availability of 
nuclear power for EHV charging are us e d, these national SOx results would 
increase. Application of 1979 NSPS for power plants to powe r plants used in 
generating electricity for EHVs would de crea se the SOX results presented. 

3.5.1.2 Discussion 

It is very difficult to assess the significance of these results , 
partly because of the sparseness of definitive research concerning the e ffects 
o f the pollutants and partly because of the tradeo ffs that are imp l icit i n 
any assessment of significance. What foll ows is a brief d e scr ipt i on of the 
significance of the results for each of the pollutants as well as several 
overall conclusions . Hea l t h effect s are presented in more detai l in Sec. 3 . 7 
and App. E. 

Across the nation, there i s a trend of increasing SOx and NOx emissions 
that is largely the result of current national e n e r gy po l i cy. Power plants 



37 

Table 3.16 . Ratio of EHV to CV Vehicle Operation Air 
Emissions by Pollutanta,b 

Scenario 

Pollutant LOW I LOW II MEDIUM HIGH I HIGH II 

1990 

co 
CO2 

HC 

SOX 

NOx 
Particulates 

2000 

co 
COz 
HC 

SOX 

NOx 
Particulates 

C 

1.1 
C 

15 .8 

0.6 

0.4 

C 

0.9 

C 

13.2 

0.8 

0.3 

C 

1.2 

0.1 

15.4 

0.8 

0 . 5 

0.1 

1.1 

0.1 

11.4 

0.7 

0.5 

C C C 

1.1 1.3 1. 2 

C C C 

11.0 10 .5 10.5 

0.6 0.7 0 . 7 

0.4 0.4 0 . 5 

C C 0.1 

0.9 0.9 1.0 

C C C 

12.0 10 .5 10.6 

0.5 0.5 0 . 6 

0.3 0 . 3 0 . 5 

aAir emissions for CVs are based on the same CV VMT as EHV 
VMT for each scenario and year . 

bsee Tables D.17 and D.18 for actual pollutant burdens. 

CLess than 0.1. 

fueled with natural gas are going to be fueled with oil, and power plants 
burning oil are going to shift to coal. Even though oil- and coal-fired 
plants coming on line after June, 1979, will pollute less than existing 
plants, increased use of oil and coal will still result in more SOx and 
NOx emissions. From 1975 to 2000, SOx emissions will increase for 
the nation as a whole by 12% and NOx emissions by 61%.18 Current high 
levels of SOx and NOx will continue in the northeast and north central 
areas of the country through the year 2000, and there will be some increase in 
SOx and NOx emissions in the West and East. 

Research results with regard to SOx are mixed. Some of the litera
ture indicates that pure SOx in large concentrations may not affect an 
individual's health.19 However, other research shows that high ambient SOx 
can be associated with increased mortality and morbidity . 20 Neither of the 
above conclusions negates the finding that SOx in combination with other 
elements in the atmosphere may affect human health. Finally, SOx combines 
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Table 3.17. Total Air Emissions from Vehicle Production, Fuels Pro
duction and Transport, and Vehicle Operation by EHV 
Scenario and for Equivalent CVs, 1990 (thousands of 
tons)a 

EHV Scenario 

Pollutant LOW I LOW II MEDIUM HIGH I 

co 0.2 2.6 0 . 4 1.1 

HC 0.5 1.4 1. 2 3.0 

SOX 5.4 9.2 11. 5 30.2 

NOX 3.2 6.1 6.8 18.0 

Particulates 1.2 2 . 1 2.6 6.9 

Equivalent CVs 

Pollutant LOW I LOW II MEDIUM HIGH I 

co 51.4 75.2 108.5 247.8 

HC 5.0 7.2 10 .4 24. 8 

SOX 0.5 0.8 1.3 3.5 

NOX 4.9 7.3 10.7 26 . 3 

Particulates 1. 3 2.0 3.0 7 . 6 

aEquivalent CVs indicates the same number of CVs produced 
the same CV VMT as EHV VMT for each scenario and year. 

as 

HIGH II 

10.5 

3.8 

30.3 

19.0 

7 .0 

HIGH II 

244 .1 

24.5 

3 . 5 

25.8 

7.4 

EHVs and 

with precipitation to create acid rain. The Energy Security Act (P.L . 96-294) 
recently established a program and task force to study acid precipitation. 

Most areas in the country are in attainment of the current NOx national 
ambient standards. Correlation of health effects with exposure t o NOx is re
latively inconclusive. 

Of even greater concern in the atmosphere are the oxidants created by 
photochemical react ions of NOx, HC, and sunlight. The current 1 iterature 
indicate s that it is more benef icial to reduce HC than NOx in trying to 
reduce the total level of oxidant s in the atmosphere. That is, a 5% decrease 
in HC does more to decrease oxidant levels than a 5% decrease in NOx. 
Polycyclic aromatic HC may be carcinogenic and are more dangerous when 
emitted at ground level than when emitted at higher elevations, because there 
is more potential for exposure to higher concent rations at ground level. When 
emitted from the power plant stack, these compounds are dispersed, resul ting 
in lower concentrations at ground level. 
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Table 3.18. Total Air Emissions from Vehicle Production, Fuels Pro
duction and Transport, and Vehicle Operation by EHV 
Scenario and for Equivalent CVs, 2000 (thousands of 
tons)a 

EHV Scenario 

Pollutant LOW I LOW II MEDilJM HIGH I HIGH II 

co 2.7 138. 6 8.5 28 . 6 600.7 

HC 6 . 5 25.3 19.8 58.2 93 . 8 

SOx 74.9 149.3 225 .8 744.4 728. 7 

NOx 37.0 89.3 113 .6 377 .4 411.3 

Particulates 16.8 34.4 49.5 155. 2 172 . 6 

Equivalent CVs 

Pollutant LOW I LOW II MEDIUM HIGH I HIGH II 

co 601.8 1048.0 1825.0 5833.0 5387.0 

HC 62.4 109 . 8 190 . 7 607.5 568.3 

SOX 7.3 15.9 24.3 87.4 87.0 

NOx 47.7 128.4 226.8 723 .3 666. 1 

Particulates 21.4 38.3 67.3 213.1 198.9 

aEquivalent CVs indicates the same m.nnber of CVs produced as EHVs and 
t he same CV VMT as EHV VMT for each scenario and year. 

Coarser particulates are not as dangerous to human health as the finer 
particulates, since the former can be filtered out to a greater degree by 
lungs, nostrils, etc.21 Conventional automobiles emit higher percentages of 
fine particulates than power plants. Although power plants emit a whole 
spectrum of particulates, a large proportion (90.0-99.9%) is captured by 
control equipment . 22,23 

Carbon monoxide is a problem mainly in very localized areas and can be 
fatal at high concentrations. Over l ong periods of time at levels of CO 
approaching the one-hour standard (35 parts per mi l lion [ppm]), human motor 
skills and perceptions can be altered and cardiovascular problems can be 
aggravated. Even without market penetration of EHVs, the CO burden is ex
pected to decrease because of improved CV emisison controls. 

Carbon dioxide is treated in this EA as a benigh residual of energy
producing processes. However, its concentration in the air is increasing 
and, according to global climatic simulation models, an increase in mean 
global temperature could result. Carbon dioxide is being studied further 
under provisions of the Energy Security Act. 
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Table 3 . 19. Total EHV and CV Sulfur Ox ide 
Emissions in 2000 a s a Percen
tage of 19 75 Nat ional Sulfur 
Oxide Emissionsa, b 

---- --- -- - -- - ------ ----- - ·- ---- - ---

Scenar io 

LOW I 

LOW II 

MEDIUM 

HIGH I 

HI GH II 

EHV (%) 

0.26 

0.52 

0 .79 

2 .61 

2 . 56 

CV ( %) 

0 . 03 

0 .06 

0 .09 

0 . 31 

0 . 31 

asame number of CVs and EHVs produc ed and 
same VMT . 

b1975 national SOx emi ssions were 57 
billion lb . 

3 . 5 .1.3 Conc lusions 

Assumi ng t he distribution of fue l t ypes f or electricity generation that 
has been used 1n this assessment. the fol lowing conclus i ons can be drawn : 

1. As f ar as HC and pa r ticulates are concerned, market pene
tration of EHV s is advantageous . Polycyclic aromatic HC 
emitted f r om power plant st ac ks may be less dangerou s 
than those emit t ed a t ground l eve l fr om CVs. I n t erms of 
ozone . the EHVs may be more advantageous bec ause lowe r 
levels of HC are emi tted . Finally, power pl ants with 
part iculate control t e chnol ogy may emit fewe r of t he fine 
par t iculates t hat a re more d angerous t o human health. 

2. Carbon monoxide emissions wil l continue to decre ase, 
irre spectiv e of EHV market pene tra tion . Many are a s 
expect t o be in compliance with CO air quali ty standards 
1n the 1980 s . Neverthel ess, many r apidly developing 
areas of the country have set more stringer.t emission 
reduction goals f or mobile sources than wou l d otherwi se 
be required to at tain national air pol lutant standards by 
the e nd of 1987 . These stringent goals h ave been set to 
permit continued i ndustr ia l , commercial , and population 
growth . In such area s, EHVs should contr i bute to achiev
ing these goa l s . 

3. Nitrogen oxide emi ss ions from vehicl es wi l l decrease with 
EHV market penetration. Alth ou gh most a reas of the 
country are 10 attainmen t of the current NOx s tandard, 
there 1s an indication that tota l NOx em1s sions wi 11 
increase over the next 20 yr . The rate of increase will 
be reduced by EHV market p ene trat i on. 
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4 . While the effects of increased SOx emissions are not 
certain, one can conclude that SOx in combina
tion with other elements in the atmosphere can be dan
gerous and that national SOx emissions are increasing . 
Therefore, increases in SOx emissions as a result of 
ERV market penetration may be significant, even though 
the increase may be a small percentage of the total 
emissions in the nation or a federal region. At the 
urbanized area level, increases over the BASE scenario 
for a specific area also may be significant. In some 
urbanized areas, such increases may occur within the 
context of a decline in total SOx levels, depend
ing on the stringency of controls imposed on power 
plants and other SOx sources in specific air quality 
control regions (AQCRs). 

5 . While CO2 emissions may decrease in the EV-only sce
narios, the introduction of RVs will lead to a slight 
increase in CO2 emissions. However, the increase is 
not significant when compared to total worldwide CO2 
loading attributable to fossil fuel combustion. 

6 . The urbanized areas that would benefit most from ERV and 
especially EV market penetration are those projected to 
have a high percentage of electricity generated by nu
clear power plants. This is because the emissions from 
the CVs that would have been used are being replaced by 
air pollutant emissions from the nuclear power plants 
that provide electricity for the ERVs. 

In reviewing the above conclusions, several items must be kept in mind. 
First, the potential for ozone generation by EHV motors has not been quanti
fied. However , this appears to be a near-term concern, because AC motors that 
generate little or no ozone are expected to dominate the ERV market about 
1990. Second, emissions from ERV accessories (air conditioners and heaters) 
have not been included. As stated in Sec. B.2.1.3 , the technologies that 
would be used to operate these accessories are not specified in this analysis. 
The emission factors used for CVs do not include an adjustment for full 
accessory load. Differences between EHVs and CVs in emissions associated with 
full accessory load operation will exist and will depend on the technologies 
actually used by the EHVs. This item requires further study. Third, esti
mates of air quality impact at the microscale from battery charging and 
accidents have not been included in this analysis. Since sealed batteries 
have been assumed, emissions from battery charging should not occur. How
ever, in the event that sealed batteries are not used, particularly in the 
early years, study of potential emissions from battery charging should con
tinue. Additional study is also required of the impacts from accidents. 

3 . 5 . 2 Water Quality 

Water pollutant loadings from vehicle manufacture, vehicle operation, 
and fuels production for operation will increase with ERV market penetration. 
Table 3.20 shows that EHVs and CVs generate similar loads of total dissolved 



Table 3.20. Total Water Pollutant Loadings from Vehicle Production, Fuels Production and Trans
port, and Vehicle Operation by EHV Scenario and for Equivalent CVs, 2000 (tons)a 

Pol lutant 

TDS 

rssb 
BOD5C 

CODC 

Sulfate/sulfite/ 
sulfide 

Nitrate 

Aluminum 

Ironf 

Leadg 

Zinc 

Nickelf 

Manganesef,g 

Chromium/chromate 

Chlor ine/chloride 

Fluorideh 

Ammonia 

Oil and grease 

Organics 

Phosphorus/ 
phosphates 

Boron 

LOW I 

111,354 

1 ,022 

530 

11 , 214 

14,901 

312 

168 

1,037 

29 

420 

27 

8 

402 

127 

98 

22 

251 

174 

988 

LOW II 

251,376 

2,004 

1,037 

22,076 

28,988 

599 

327 

2 , 029 

58 

805 

53 

16 

785 

244 

193 

40 

610 

342 

l, 9 17 

EHV Scenario 

MEDIUM 

343,354 

31,346 

1 ,726 

34,167 

45,222 

903 

508 

3,147 

l 

91 

1,260 

82 

24 

l, 2l4 

377 

295 

33 

772 

531 

2,941 

HI GH I 

1,154,000 

10,709 

5,383 

113 ,468 

148,835 

3,047 

1,675 

10 , 311 

3 

310 

4,237 

268 

74 

3,912 

1,157 

941 

95 

2,475 

1,684 

9,007 

HIGH II 

1,245,000 

10,643 

5,495 

109,830 

144,033 

2 ,940 

1,621 

9,995 

3 

300 

4,078 

260 

72 

3,795 

l, 123 

924 

90 

2 ,887 

1,634 

8 , 762 

LOW I 

122 ,620 

114 

348 

273 

d 

-e 

d 

d 

d 

11 

6 

451 

LOW II 

238,890 

219 

568 

529 

d 

d 

d 

21 

ll 

875 

Eq_uivalent CVs 

MEDIUM 

387,455 

357 

1,093 

863 

d 

1 

34 

13 

1,425 

HIGH I 

l, 235,000 

1,069 

3,110 

2, 751 

2 

2 

2 

4 

110 

54 

4,546 

aEquival ent CVs indicates the same number o f CVs produced as EHVs and the same CV VMT as EHV VMT for each scenario and year. 

bTotal suspended solids. 

cBiological oxygen demand. Some overl ap exists between BOD and chemi cal oxygen demand (COD). 

dA measurable amount generated but less than one ton . 

eA hyphen indicates no apprec iable amount generated. 

frotals for these substances may be underestimated in that some may have been grouped in previous work with heavy metals . 

&Totals for these substances may be underestimated in t hat some have been grouped in previous work with nonferrous metals . 

hrotals for this substance may be underestimated in that it may have been grouped in previ ous work with ac ids . 

HIGH II 

1,227,000 

1,115 

2,917 

2 , 728 

2 

2 

2 

4 

109 

57 

4,510 

J:-
N 
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solids (TDS) in all scenarios. Otherwise, except for organics, the EHV 
scenarios generate higher pollutant loadings. (Al 1 loadings are calculated 
assuming application of best available technology [ BAT] regulations to be 
effective in 1983 and thus may represent a worst case for 2000.) 

While EHVs generate greater loadings, water quality impacts resulting 
from EHVs are expected to be a very small fraction of national water pollutant 
generation. The largest ratio of an EHV pollutant to national background 
levels (for those pollutants that could be measured) is less than 0.3% . 
In many cases, the percentage is much lower. However, high incremental 
pollutant levels can be expected in specific geographical areas, especially in 
the vicinity of materials and fuels extraction, processing, and heavy manu
facturing. 

The analysis of water pollutants generated in each phase of production 
and ope rat ion is presented in Sec. D. 3. Water pollutants increase in each 
phase as a result of EHV market penetration. 

3.5.3 Solid Waste 

The solid waste impacts associated with vehicle production, vehicle 
operation, fuels production, and vehicle disposal were analyzed for the five 
EHV scenarios. The full analysis is presented in Sec . D.4 and assumes that 
the potential for environmental pollution due to solid wastes would be minimal 
by the year 2000 because of RCRA, which requires strict standards for haz
ardous waste disposal and demands cradle-to-grave control of these wastes 
through manifests and reporting. In other words, all hazardous wastes will be 
monitored during the production phase, during transport, and at the point of 
disposal. Therefore, the primary impact of solid wastes will be the land area 
disturbed and consumed by their disposal. 

Table 3.21 summarizes the results of the analysis. It gives the 
total land areas required for solid waste disposal for EHVs and CVs by 
scenario in the year 2000. It does not, however, represent all of the solid 
wastes from the vehicles. For instance, the solid wastes generated by body 
parts and disposal of body hulks are not calculated, since it is assumed that 
they are virtually the same for EHVs and for CVs. Also, since waste oil is 
not usually disposed of in landfills, the totals do not include the reduction 
in waste oil realized by EHVs. 

The following conclusions can be drawn from Table 3.21 and the analysis 
in Sec. D.4. 

1. For solid wastes generated during vehicle production, 
the greatest impact in terms of land area requi red for 
solid waste disposal (i . e . , 7944 additional acres over 
those that would have been required to produce an equiva
lent number of CVs in 2000) occurs in HIGH I . Th e next 
highest difference is 832 acres and occurs in the MEDIUM 
scenario. The remaining scenarios show considerably less 
additional acreage . Most of the extra acreage required 
is due to tailings from the milling of lead and, in the 
case of the MEDIUM and HIGH I scenarios, to t he l arge 
amounts of waste rock generated by lithium extraction. 
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Table 3 . 21. Land Required for Solid Waste Di sposal from Vehi c l e 
Product ion, Vehicle Operation , and Fuels Production 
by ERV ~cEnario and for Equi valent CVs , 2000 
(acres ) ' 

Source 

Vehicle production 

Was te rock - EHV 
- CV 

Tailings - EHV 
- CV 

Slag - EHV 
- CV 

Lead processing - EHV 
- CV 

Plastics - EHV 
- CV 

KOH - EHV 
- CV 

KCl - EHV 
- CV 

Total - EHV 
- CV 

Vehicle operat ion 

Engine parts - EHV 
- CV 

Power plant - EHV 
- CV 

Fuels production - EHV 
- CV 

Total EHV acreage 
Total CV acreage 
Difference 

EHV to CV ratio 

LOW I 

39.4 
2.1 

195 . 1 
10.l 

1. 2 
C 

6.8 
_d 

0.4 
0.2 

C 

243 . oe 
12.5 

C 

27. 7 

818. 0 
0.1 

1,088.7 
12.6 

1,076.1 

86.3 

LOW I I 

74.0 
3.9 

367 . 2 
19 .o 

1.8 
0.1 

12.7 

0.7 
0 .5 

C 

456.6 
23.4 

C 

C 

54 .4 

1, 587.0 
0.2 

2,097.9 
23.6 

2,074.3 

88.8 

Scenario 

MEDIUM 

685 .3 
6.6 

142 .5 
31.6 

26.9 
0.2 

4 .1 

1.1 
0.74 

1.0 

10.0 

871.8 
39 .1 

b 

110 .5 

2,444.6 
0.3 

3,426 . 0 
39.5 

3,386 . 5 

86 . 8 

HIGH I 

7,353.7 
18.6 

330.5 
91.9 

248.4 
0.6 

8.2 

3.2 
2.2 

2.5 

110. 7 

8,057 .2 
113. 2 

0.2 

280.4 

7,567.7 
1.0 

15,905 .2 
114 . 5 

15,790 . 8 

138.9 

HIGH II 

63.9 
19.8 

302 .9 
97 . 9 

18.7 
0.6 

7 . 3 

3.5 
2.4 

3 . 0 

399 .3 
120.7 

C 

0 . 2 

270 . 7 

7,343 .1 
1.0 

8,013.3 
121 . 9 

7,891.3 

65 . 7 

aEquivalent CVs i ndicat es the same nLUllber of CVs produced as EHVs and the same CV VMT 
as EHV VMT for each scenario and year. 

bAcres are to a depth of s ix feet except fo r power pl ant residues, which are to a depth 
of 42 ft. 

cLess than 0 .1. 

dA hyphen ind icates no apprec iable amount generated. 

ecolumns do not always sum because of rounding . 
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2. During vehicle operation, the volume of solid wastes 
generated by EHVs (and expressed as the acreage required 
for disposal) will be much greater than that generated by 
operating an equivalent number of CVs. This is because 
power plant residues have a significantly greater volume 
than the solid wastes generated by replacing CV engine 
parts . However, ERV market penetration will mean de
creases in the amount of waste o il. 

3 . If EHVs achieve market success, substantial increases in 
land for waste disposal from fuels production and trans
port will be required. Most of this increase can be 
attributed to the large amounts of overburden removed 
during uranium extract ion and, to a lesser extent , to 
residues generated by coal beneficiation. As an example , 
over 7000 additional acres are required in the HIGH 
scenarios for disposal of solid wastes from fuels produc
tion. 

4. The volume of solid wastes generated by vehicle disposal 
remains about the same among the five scenarios. In the 
MEDIUM and HIGH scenarios, there is a slight reduction in 
waste oil. 

5. In all five scenarios, the sum of land areas required by 
EHVs for solid waste disposal in vehicle production, 
vehicle operation, and fuels production is much higher 
than for an equivalent number of CVs. The HIGH I sce
nario produces the greatest increase in solid wastes; 
nearly 16,000 additional acres of land are required for 
disposal. When this figure is compared to national 
municipal waste disposal requirements, the result 
appears to be quite significant. However, over 80% of 
the HIGH I scenario solid wastes consists of waste rock 
and overburden which, if properly reclaimed, (i.e., back 
filled) could produce minimal environmental hazards . 
Further, when the total potential acreage requirements 
for disposal of mining, industrial, utility, municipal, 
and agricultural solid wastes are considered, the in
creases generated by the HIGH I scenario and certainly by 
the other scenarios are probably insignificant. 

6. While the volume of solid waste generated under the 
EHV scenarios is probably small relative to national 
solid waste volumes, the EHV volumes can produce sub
stantial impact on communities and ecosystems, especially 
if the solid waste is concentrated in a few specific 
regions and if the wastes are improperly handled. 
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3.5 . 4 Noise 

Current EVs are con siderably quieter than CVs, although future im
provements i n CV noise leve l s in response to regulation should narrow the 
difference. (Drive-by and stationary transportation noise level st andards 
have been promulgated by EPA.) EVs do not have an eng i ne, radiator f an, a i r 
intake, or exhaust, which are the four major sources o f CV noise. EV aut os 
have been measured at 10 dBA* less drive-by noise during acceleration than 
similarly s i zed CVs or, in other words, half as loud.24 Some current EVs do 
emi t a penetrating whine, which results f rom chopper control of large electric 
currents. Utilization of power transistors, which are expected to be included 
in all EVs by 2000, will e l iminate this whine. Much of the noise that EVs 
emit is tire noise, which is virtually equal to the tire noise of correspond
ing CVs. If tire noise regul ations were to be in force, b oth types of vehi
cles would be controlled similarly. 

Although based on very limited data, past research does provide a 
convenient capsule of existing and potential noise levels of current and 
future CV and EV autos (see Table 3 .22) .24 In spite of potentia l improve
ments to CVs, Table 3.22 shows they will still be noisier than EVs. 

The estimated composite vehicle noise levels are applied to the HIGH 
I scenario to provide a rough estimate of the greater potential of EVs to 
reduce urban traf f ic no i se. Although the noise levels in Table 3.22 are for 
autos, they are assumed to b e appropriate for light trucks and sma ll buses. 
The noise levels are n ot appropriate for large buses, but these b uses repre
sent a very small percentage of the total vehicles and VMT in the five sce
nar i os. 

By applying the composite dBA of a typical CV to total VMT by CVs in 
the HIGH I scenario and the composite dBA of a typical EV to total VMT by EVs, 
a composite dBA for an average auto, light truck, or small bus for the HIGH I 
scenario in 2000 can be determined. Table 3. 23 shows that EVs will make a 
b e neficial but qu i te small Oess than 1 dBA) difference 1n overall noise 
levels, even at the 14% penetration level of HIGH I in 2000 . A three-dBA 
increase or decrease in noise is required b e f ore there is a n oticeable 
change to the human ear under typical outdoor ( nonlaboratory) conditions. 

The noise reduction impact of EVs may be greater in some central 
business distr i cts (CBDs) because of the significan t p e netration of EVs in the 
light truck market in the HI GH I scenario (13 mi llion of 43 million l ight 
trucks). If EV 1 ight trucks are used in significant numbers for delivery 
in CBDs and i f they constitute a significant proportion of the veh i cles on 
the road at any given time , the noise reduction from an all-CV light delivery 
truck fleet woul d be somewhat l arger than shown i n Table 3 .23. Similarly, 
significant noise reductions could occur in mall areas where buses are the 
predominant transportation mode and where EV buses would replace l a rge diese l 
CV buses. 

*dB i s the abbreviation for decibel, a measure of noise level. Measurements 
i n terms of human hearing response are described as A-weighted and are 
expressed in dBA. 
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Table 3.22. Noise Levels of Current and Future 
CV and EV Autos (dBA) 

Urban Urban 
Vehicle Cruisea Accelerationb Compositec 

Conventional car 

Current 60 72 65 

Future 58 68 62 

Electric car 58 61 59 

a27 mph. 

bNot maximum acceleration but typical of urban require
ments. 

CMedian pass-by noise at 50 ft (based on 17% accelera
tion and 83% cruise). 

Source: Ref. 24. 

Table 3.23. Impacts of EVs on Average Light Truck, Auto, 
and Small Bus Noise Levels, HIGH I, 2000 

Scenario 

HIGH I 

CV VMT (trillion) 

CV dBA 

EV VMT 

EV dBA (trillion) 

Composite dBAa 

BASE ( all CVs) 

CV VMT (trillion) 

CV dBA 

CV dBA (BASE) minus 
Composite (HIGH I) 

No Changes 
in Noise Level 

from Existing CVs 

1. 96 

65 

0.30 

59 

64.5 

2.26 

65 

0.5 

Three-dBA Reduction in 
Noise Level from 

Existing CVs 

1. 96 

62 

0.30 

59 

61. 7 

2.26 

62 

0.3 

aThe composite dBA was derived using energy equivalents of sound 
pressure. 
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Even less noise data exist for HVs than for EVs. The noise levels of 
HVs are higher than EVs, because HVs will periodically emit engine, exhaust, 
air intake, and fan noise, as well as noise from the motor and controller 
during acceleration. Th~refore, noise reduction through HV usage will not be 
as great as that achieved through EVs. 

The use of any vehicle that is quieter than another will help in 
reducing urban traffic noise. However, EHVs are being sQbstituted for vehi
cles that are relatively quiet compared to the noisier medium and heavy 
trucks, buses, and motorcycles. Urban traffic noise is presently dominated 
by these latter vehicles, and improvements in them will result in signifi
cant traffic noise reductions . Therefore, the impact of EHVs on urban traffic 
noise, even under the HIGH scenarios, wil 1 be smal 1 through the year 2000. 
This analysis is based on very limited data; for the estimates to be verified 
or revised, additional empirical data are required . The current ERV demon
stration should provide more information. 

The public safety implications associated with relatively quiet EV 
operation are discussed in Sec. 3.7.2 . 2. 

3.5.5 Land Use 

As shown in Sec. 3. 5 . 3, ERV introduction wil 1 result in an increase 
in land area requirements for solid waste disposal associated with vehicle 
production and operation. Depending on the scenario, EHVs will require 
66-139 times as much acreage as CVs. 

Although other land requirements that might be generated by the ERV 
scenarios have not been quantified in this EA, they can be characterized. For 
example, if additional power plant capacity were needed, additional land 
for power plants would be required. However, the utility impact analysis (see 
Sec. 3.9 . 1) estimates that only four of the 158 urbanized areas projected to 
have EHV penetration might require additional capacity, even in the HIGH 
scenarios. Further, it is possible that the ERV scenarios could contribute to 
the need for additional facilities for fuels production that would entail the 
use of additional land. Nonetheless, the portion of such land requirements 
attributable to EHVs would be very small relative to overall national re
quirements for fuels production facilities. 

Similarly, additional f acilities and land may be required for mining 
and materials refining activities related to vehicle and, in particular, 
battery production. For some industries (e . g., zinc and lithium), the expan
sion requirements under some of the scenarios beyond what is expected in 
the BASE scenario are not small. What this degree of expansion would mean in 
terms of actual acreage is difficult to evaluate. 

ERV impacts on urban structure and transportation infrastructure are 
minimal, and additional land should not be required (see Secs. 3.8 and 3.9). 
For example, ERV market penetration is defined in the scenarios as a one- for
one substitution for CVs; therefore , additional land for roadways and parking 
facilities beyond that required for the BASE scenario should not be necessary. 
However, there may be some additional land requirements for new vehicle and 
battery production facilities. 



49 

Overall, the introduction of EHVs may lead to a large increase in 
land requirements compared to what would be required for the CVs being re
placed. The increment should be small relative to national requirements. 
However, national land requirements for all waste disposal from all sources 
and for all land used in mining, manufacturing, and electricity generation can 
not be readily quantified. Depending on the concentration of activities, 
additional land use needs at the local level could be substantial. 

3.5.6 Aesthetic Degradation 

Manufacture, operation, and disposal of EHVs are not expected to 
cause significant aesthetic degradation on a national scale. Although some 
additional land will be taken out of current use and disrupted, the acreage 
should be small. Whether the disruption is considered aesthetically degrading 
will be a site-specific issue. Reasonable controls can be used to alleviate 
some of the adverse impact. Additional highways or parking facilities, which 
are usually considered less than pleasing to the eye, will not be required 
beyond those projected for the BASE scenario. 

3.6 OCCUPATIONAL HEALTH AND SAFETY IMPACTS 

Development of an EHV industry in the United States will result in 
shifts in the number and severity of occupationally related health injuries 
and illnesses. These shifts will reflect changes in the number of workers 
employed by different sectors of the economy. The injuries and illnesses 
themselves will be related to ERV technologies (e.g., exposure to toxic 
substances and to trauma-causing situations). Section E.l presents the 
methodology and the detailed analysis. 

The number of total recordable cases (TRC) of work-related injuries, 
conditions, or disorders, and person days lost (PDL) due to occupational 
illness and injury are projected for the BASE scenario and for each EHV 
scenario . These projections are made only for the 22 economic sectors listed 
in Table 3.24. These are the industries that will be impacted most in terms 
of employment by EHV development . (See App. G for employment projections of a 
number of these industries . ) Looking at the effects of EHV market penetration 
on the 22 economic sectors both individually and collectively provides insight 
into the occupational health and safety impacts of EHV development. 

The changes in TRC and PDL for all 22 sectors by scenario and assess
ment year are listed in Tables 3.25 and 3.26. The trend exhibited by TRC is 
that, for the BASE and for each EHV scenario, the number of impacts increases 
by approximately 20% from 1975 to 1985, increases again by less than 1% from 
1985 to 1990, and decreases 3-5% from 1990 to 2000. The PDL projections 
follow roughly the same trend, although a slight decrease occurs from 1985 to 
1990 under each scenario. In 1985 and 1990, the EHV scenarios show very 
slight decreases in the number of TRC and PDL relative to the BASE scenario, 
but by 2000 all the EHV scenarios have greater TRC and PDL than the BASE. The 
greatest increase in 2000 in the number of TRC and PDL between the EHV and the 
BASE scenarios occurs between BASE and HIGH I (15 ,100 TRC; 114,000 PDL). The 
variance, however, represents only a 1 .4% increase in TRC and a 1 . 3% change in 
PDL. 
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Table 3 . 24. Economic Sectors Assessed fo r Occupational 
Health and Safety Impacts 

Mining 

Petroleum and gas production 

Pet roleum refining 

Tires and tube production 

Rubber products except tires 

Plast ic products 

Iron and steel 

Nonferrous metals 

Structural metal products 

Engines and t urbines 

Mine construction and 
material handling 

---·- - -- - ---------
Metal working machinery 

Transformers 

Electr i c motors 

Electr i c win.ng 

Batteries 

Rai lroad equipment 

Mechanical measuring devices 

Ra i l roads 

Trucking 

Other trans port 

Electric ut ilities 

- ·--- - ----- ---------- ---

An indication of the sever i ty o f the EHV-induced pertur bations i s 
provided by examining the r e lative changes between TRC and PDL . An increase 
in the number of PDL per case indicates a more severe impact on the e conomy. 
Table 3.27 provides a compar i son between the number of PDL per case of acci
dent or i njury for each assessment year by scenario . Although a slight 
decrease in the ratio of PDL to TRC occurs with time, the var i ation in this 
ratio between scenar i os is negligible . Thus, employment changes between high
and low-risk occupations as a result of EHV development do not cause signi f 
icant changes in i mpact on the economy . 

Table 3.25. I ncreases in Total Recordable Cases from 1975 
to 1985 , 1990 , and 2000, by Scenarioa 

Scenario 
·- --· 

BASE ( all CVs) 

LOW I 

LOW II 

MEDIUM 

HIGH I 

HIGH II 

Incre ase 1n Total Recordable 
Cases from 1975b 

- - - ·--- - ----- - -
1985 1990 2000 

-~ ----
177 ,400 184, 700 131,600 

175,900 181,700 134,600 

177,400 181,300 137 ,800 

177 ,400 184,000 136 ,400 

177,200 183,900 146,700 

177 , 200 181,300 143 ,600 

8 For th e 22 e conomic sectors from Table 3.24. 

b 1975 TRC were 938,580 . 
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Table 3.26. Increases in Person Days Lost from 1975 
to 1985, 1990, and 2000, by Scenarioa 

Increase in Person Days Lost 
from 1975b 

Scenario 1985 1990 2000 

BASE (all CVs) 1,345,600 1,309 ,000 865,800 

LOW I 1,333,200 1,285,400 889,700 

LOW II 1,345,600 1,282,000 919,600 

MEDIUM 1,345,600 1,303,400 903,300 

HIGH I 1,344,600 1,302,800 980,200 

HIGH II 1,344,500 1,283,400 963,200 

aFor the 22 economic sectors from Table 3.24. 

b1975 PDL were 7,987,700. 

The effect of EHV development on the occupational health and safety 
impacts of several individual economic sectors is much greater than the 
effect on the entire economy. Table 3.28 lists the changes in TRC between 
the BASE and HIGH scenarios for the six most impacted sectors . Two of these 
(electric utilities and batteries) exhibit large percentage and total TRC 
increases by 2000 under both HIGH scenarios. The increases are less under 
HIGH II than HIGH I because greater HV development means less additional 
electricity and battery demand. Petroleum and gas production is the only 
sector for which the percentage and number of TRC declines significantly under 
the HIGH scenarios. Three other sectors (mining, nonferrous metals, and 
structural metal products) all show increases of more than 1000 TRC from the 

Table 3.27. Number of Person Days Lost per 
Recordable Case for Each Assess
ment Year by Scenarioa,b 

Year 

Scenario 1985 1990 2000 

BASE (all CVs) 8.363 8.276 8.273 

LOW I 8.364 8.278 8.272 

LOW II 8.363 8.278 8.275 

MEDIUM 8.365 8.276 8. 271 

HIGH I 8.364 8.276 8.263 

HIGH II 8.364 8.278 8.271 

aFor the 22 economic sectors from Table 3. 24. 

b1975 PDL per recordable case were 8.510. 
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Table 3.28. Changes in Total Recordable Cases between the BASE and 
HIGH Scenarios for the Six Most Impacted Sectors, 2000 

------~---- --- ----- - ----
Total Recordable Cases 

Sector 

Petroleum and 
gas production 

Nonferrous metals 

Structural metal 
products 

Batteries 

Electric utilities 

Mining 

BASE 

8,910 

41,400 

105,260 

16,170 

42,640 

34,500 
- - ----- ----- ---------

HIGH I 

7,830 

42,700 

106,590 

20,460 

46,480 

35,700 

HIGH II 

8,010 

43,100 

106,270 

18,040 

45,920 

35,700 

- -------- - --- -

BASE to 
HIGH I 

-12.l 

3.1 

1.2 

26.5 

9.0 

3.4 

BASE to 
HIGH II 

-10.l 

4.1 

0 .9 

11.6 

7 . 6 

3.4 

BASE to both the HIGH I and HIGH II scenarios in 2000. None of the other 16 
sectors shows an increase greater than 4% or 1000 cases. These six sectors 
account for approximately 24% of the TRC attribut able to the 22 sectors 
analyzed. No major changes in TRC or percentage change in TRC from the BASE 
scenario are projected for any of the 22 sectors under the LOW I, LOW II, or 
MEDIUM scenarios . Re sul ts of TRC and PDL projections for all economic sectors 
for each scenario and assessment year are found in Table E.l. 

Market penetration of EHVs involves development and modification of 
pr oduction processes to meet the material, structural, and component require
ments of EHVs. As production techniques change, occupational hazards, such as 
the potential for physical trauma and exposure to toxic substances, will vary. 
In particular, development of new types of batteries (Ni/Fe, Ni/Zn, and 
Li /S) may increase worker exposure to tox i c and carcinogenic materials during 
production. Large-scale r ecycling or disposal of spent fue l cells may 
increase the risk of exposure to burns, explosions, and toxic mat e rials 
resulting from structural failure or e l ectrolyte spillage. Although it 
appears t hat protective equipment and design controls can minimize heal th 
risks related to battery production and disposal of ERV-related products, 
potential l y sign ificant risks are like ly. 

Quantitative estimat es of the heal th and s afety impact s of these EHV
related changes are not possible at this time. However , the potential impacts 
can be ant i cipated and are listed in Table 3.29. The battery sector is where 
most of the changes are likely to occur. Fur t her st udy is necessary to 
analyze the types of accidents and toxic exposures resulting from new EHV 
technologies and to determine which preventative measures can be used to lower 
occupational health risks. 
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Table 3.29 Major Unquantifiable EHV Occupational 
Health and Safety Issues 

Process Issue 

Battery use 

Battery production 

Battery disposal/recycling 

Vehicle structure production 

Exposure to toxic and carcinogenic elements 
and compounds used in electrodes (e.g., Pb, 
SOx, arsenic (As, Ni, Zn, and electrolytes). 

Exposure to toxic gases released during fires 
or industrial accidents (e.g., nickel 
carbonyl and SOx), 

Exposure to burns from electrolytes, toxic 
gases, and elements (e.g., Ni, Zn, Pb, 
and As). 

Exposure to toxic vapors from petrochemical 
processes (e.g., methacrylic vapors). 

3.7 PUBLIC HEALTH AND SAFETY IMPACTS 

3.7.l Public Health Concerns 

The details of the public heal th impacts of the ERV scenarios are 
presented in Sec. E,2. The relative exposure risks of air emissions from EHV 
production, ope ration, and fuels production are projected on a national level. 
These risks are compared to the risks associated with similar numbers of CVs 
and to 1975 levels of emissions from selected U.S. sources. The potential for 
public health impact from air emissions during EHV operation is also examined 
by scenario on an urbanized-area level and compared to the potential for 
impact from CV operation emissions and to proj ec ted emissions from all other 
emission sources. The potential for public heal th risk from water effluents 
and solid wastes from vehicle production, vehicle operation, and fuels pro
duction is examined on a qualitative basis. 

On a national level, the risk of exposure to NOx, HC, CO, and par
ticulates decreases with ERV market penetration. Sulfur oxides are the only 
one of the five principal regulated pollutants for which risks from EHVs 
exceed the risks from CVs. This can be attributed to the use of additional 
fossil fuels for electricity generation. However, the greatest increases i n 
exposure to SOx in the scenarios represent no more than 3% of the risk of 
exposure to 1975 national SOx emission levels. Risk of exposure to heavy 
metals, lead sulfide (PbS), gas fluorides, and copper sulfide (CuS) also is 
greater with ERVs. 

At the urbanized-area level, the potential for public health impact of 
air emissions from EHV operation and electricity generation is a function 
primarily of the type of fuel used for electricity generation. Urbanized 
areas like Dallas, Cincinnati, and Buffalo, which rely on oi l and coal for 
electricity generation for EHVs, experience greater potential for impact from 
power plant emissions than urbanized areas like Milwaukee and Little Rock, 
which rely on nuclear power. 
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For all 10 urbanized areas assessed for potential public health impact, 
operation of EHVs reduces the potential for adverse health impacts from NOx, 
HC, particulates, and CO from the potential that is generated by operating an 
equivalent number of CVs the same VMT. For those urbanized areas that rely 
to a major degree on fossil fuels to generate electricity, ERV operation 
increases the potential for adverse health impacts from SOx over the BASE 
scenario . These increases generally are small but are potentially significant 
in some urbanized areas under some scenarios. However, as implied from Sec. 
3. 5 .1. 3, the increases in potential for public health impact from SOx due to 
EHVs in some urbanized areas may occur in the context of a decline in poten
tial for public health impact from SOx from all sources. Where electricity is 
generated almost entirely by nuclear power plants, that urbanized area ' s 
potential for adverse health impacts from SOx 1.s reduced by operation of 
EHVs. 

The HIGH I scenario in 2000 results in the greatest changes in any 
urbanized area's over al 1 potential for adverse impacts from pollutants from 
all sources (power plants, vehicles, etc.) from EHV operation. Of the 10 
urbanized areas examined, the maximum increase over the BASE scenario (6.5%) 
in potential for impact from SOX is in Buffalo. The greatest reductions in 
potential for impact are in San Diego (12.4% from NOx; 5.0% from HC; 7.3% 
from particulates; and 20.8% from CO). In the MEDIUM and LOW scenarios the 
changes in potential are substantially smaller. 

The solid waste and water quality impacts of the EHV scenarios do not 
appear to be a major public health concern on a national level but may be 
of concern locally. Promulgation of proposed disposal regulations on both the 
local and federal levels may have major effects on the solid waste and water 
quality impacts. 

On a national scale, the potential health impacts of respirable parti
culate emissions from EHV fossil fuel combustion need to be addressed. Also 
requiring study is the potential for exposure to toxic substances from 
advanced battery manufacture, use, and disposal, an area that is not covered 
in this analysis . (Some of these substances are listed as possible additional 
ingredients in EHV batteries in Table B .15.) Although the adverse health 
impacts of ERV-related mining and manufacturing appear to be minimal on a 
national level, the site-specific effects of such emissions are of potential 
significance and are not examined in this EA. A similar statement can be made 
regarding EHV ope rat ion and emissions of trace elements from electric gener
ating stations. Finally, studies of public health impacts resulting from 
accidents and battery charging (e.g., the em1.ss1.on of arsine and stibine 
during Pb/acid battery charging) should be continued. 

3.7.2 Public Safety Concerns 

Numerous reports identify and discuss the public safety concerns of 
EHVs: (1) nonoperating safety, (2) crash avoidance, (3) crash energy manage
ment, and (4) other operating safety concerns.1,25-30 Obviously, some over
lap exists between these four areas. Safety concerns that are the same for 
EHVs and CVs, such as hazards associated with tire changing and cargo loading 
and unloading, are not treated in this assessment. 
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The U.S. Dept. of Energy has issued performance standards for the 
demonstration program of the EHV Act (P.L. 94-413). Additional safety stan
dards must be promulgated as directed by the Act as commercialization pro
gresses and as the understanding of each concern improves. All relevant 
standards set for the P.L. 94-413 demonstration are assumed to apply to EHVs 
commercialized in 1985 and beyond. All future EHVs are assumed to meet 
Federal Motor Vehicle Safety Standards (FMVSS). 

3.7.2.l Nonoperating Safety 

Nonoperat ing safety pertains to hazards presented by vehicle features 
that are touched and/or manipulated during vehicle-related activities other 
than normal over-the-road operation. 

Electric Shock 

The current EHV propulsion battery voltage is approximately 100 V de; 
therefore, a potential lethal hazard exists for anyone (including drivers and 
maintenance personnel) who might ..,-c.,.:-k .vith the battery pack. Similarly, 
on-board chargers present potential shock hazards. However, both of these 
shock hazards are being minimized through use of electrical interlocks and 
fuses as stipulated in the P.L. 94-413 demonstration. Interlocks incorporat
ing known technology disconnect the charging power if the battery compartment 
is opened and disconnect the batteries in a collision. 25 

While electric shock accidents are possible, they are not likely. 
Should experience demonstrate that additional standards are needed, appro
priate standards could be developed. 

Fire 

There is also danger of fire from a short circuit between the propul
sion batteries and other vehicle components as a result of a collision. 
This danger is mitigated by the current P.L. 94-413 standard.31 Further 
standards could be developed if the P.L. 94-413 demonstration indicates a 
need. 

Burns 

Protection against burns needs to be provided for persons who might 
handle the Li/S battery pack. This battery is a high-temperature battery 
(750-840°F), but the insulation jacket that has been developed for the battery 
should provide adequate protection. When design standards are established for 
burn protection, the Li/S EV is expected to meet those standards. 

Hydrogen Gas Explosion 

Hydrogen gas is generated during Pb/acid, Ni/Fe, and Ni/ Zn battery 
charging. The potential for an explosion is reduced by requiring positive 
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ventilation t o preclude bui ldup of conc e ntrated pockets of hydrogen and 
by installing flame arrestors to limit propagation if an explos ion were to 
occur.25,32 Sealed batteries and rec.ombination methods are projected to be 
avai lable by 1985 and will significantly reduce this problem. Hydrogen also 
is generated during charging from regenerative braking. However, ram air 
created by the forward motion of the vehicle is considered adequate to v enti
late the battery tunnel. 

3.7.2.2 Crash Avoidance 

Crash avoidance addresses those vehicle performance characteristics or 
features that enhance t he probability that crash situations can be avoided 
alt ogether or neutralized by evasive maneuvers. U.S . Dept. of Energy demon
stration performance s tandards r equire that EHVs mee t FMVSS for crash avoid
ance.25,33 

Driver Error 

Without driver training for EHV operation and reaction to mechanical 
failures, driver er r ors are a concern . HVs will require very clear instruc
tions because of the two propulsion systems . EV power characteristics vary 
with depth of discharge, and drivers must understand the power variations 
between full char ge and 80% discharge . 

Since dr ivers in commercial fleets should be able to l earn from othe r 
drivers in the fleet, they may have an easier time than members of the general 
public acclimating themselves to EHVs. Clear instructions concerning opera
tion, char ge , and maintenance, and vehicle control and display designs should 
ameliorate this concern. 

Handling and Braking Performance 

Battery mass and weight can adversely affect handling and braking 
performance. Simulations have i ndicate d that current EHV de signs perform well 
within assoc iat ed performance envelopes for handling and braking established 
by the DOT National Highway Traffi c Safety Administration (NHTSA) for an 
advanced veh icle safety program. 25 The handling and braking pe rformance of 
future EHVs must be consistent with FMVSS . 

With high levels of regenerative braking, glazing of brake linings and 
high rates of wear in transmiss i ons cou l d be problems. 26 Since future 
EHVs will use r egenerative braking, further evaluation will be necessary. If 
standards are needed, future EHV s ar e expected to meet them. 

Powertrain Safety Performance 

Powertrain safety performance pertains to adequate operator control and 
capacity. The safety implications of adequate control generally are the same 
for EVHs and CVs since , in both cases, the vehic l e mus t respond completely and 
exclusively to driver inputs . The possibil ity that environme ntal electrical 



57 

noise, electromagnetic interference, and strong radio frequency signals could 
initiate sudden or uncommanded vehicle responses in EHVs is under study.25 
As commercialization progresses, design adjustments will be made to preclude 
EHVs from operating in an unresponsive manner. 

Capacity refers to the vehicle speed and acceleration provided by the 
powertrain. The safety implications of adequate speed and acceleration relate 
to the ability to execute passing, merging, and evasive maneuvers safely. 
Existing EVs have demonstrated inadequate speed, acceleration, and hill
climbing capabilities compared to their CV counterparts. In addition, perfor
mance in all these areas gradually degrades as batteries discharge. The P.L. 
94-413 demonstration performance standards cover acceleration, gradeability,* 
and speed . 34 However, to meet these standards, the EV power-to-weight ratio 
may be below 0.01 hp/lb.35 CVs currently have ratios of 0.03 hp/lb with 
many models at 0.05 hp/lb. 

Future EVs will have maximum speed, acceleration, and hill-climbing 
capabilities comparable to those of future CVs. Maximum speed will be main
tained for an adequate time period (i.e., to 80% discharge). Thus, EVs are 
expected to meet or exceed the powertrain performance standards necessary to 
overcome any associated safety problems. Because HVs utilize the heat engine 
for high acceleration or hill climbing, their powertrain performance should be 
comparable to that of CVs. 

EHV Noise 

In general, EVs have lower noise levels than CVs, particularly during 
acceleration (see Sec. 3.5.4). Concern has been expressed that EVs may offer 
little indication of their approach to pedestrians who depend on vehicle noise 
as a warning (e.g., the blind). This would appear to be particularly true at 
low speeds and during acceleration. Additional noise data, including data for 
HVs, are required to determine the need for minimum noise standards. If a 
minimum noise standard is instituted, future EHVs are expected to meet it. 

3.7.2.3 Crash Energy Management 

Structural Crashworthiness and Occupant Protection 

A safety concern in this area is the need to accommodate a 1000-lb 
battery pack and still provide occupant protection. In collisions of the 
same magnitude, it is possible that EHVs could be more injurious than compar
able CVs because of the tradeoff between structural strength and battery 
weight. 28 However, EHVs will be designed to prevent the battery pack from 
intruding into the occupant compartment. The P .L. 94-413 demonstration per
formance standards call for EHVs to meet FMVSS for occupant protection,33 with 
all battery materials remaining outside the passenger compartment.36 

*There are two measures of gradeability: (1) "gradeability at speed" or the 
grade that can be traversed up at a given speed and (2) "gradeability limit" 
or the grade at which a vehicle can start and climb for a specific time 
period. 
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L ighter cars expe rienc e much greater velocity changes in collisions 
with heavier vehicles and provide less stopping space and protec tion for 
their occupants. The smallness of c u rre n t e l ectr ic cars has bee n pointed to 
as a safety problem. However, the CVs for wh ich EHVs are pr o jected to b e 
subst ituted are of the same size . The EHVs, which are heavier t han com
p arably sized CVs , could b e s afer in terms of c r ashworth iness bec ause of 
that extra weight . 

Vehicle Aggressivity 

A potential problem in developing EHVs as crashworthy vehic les is that 
the structural de s i gns ma y cause the EHV to be aggressive in collisions . Th is 
means that one vehicle, because of its e xtens i ve structure , mass distribution , 
and/or geometry, i mparts f orce leve l s in excess of those that can be supported 
by other vehicle s . This element of aggressivit y a l so can incre ase hazards to 
pede str ians . Although specific standards have not been established to limit 
EHV aggressivity, such standards could b e dev eloped i f demons tration and /or 
further anal ysis shows thi s problem t o be of concern. 

3.7.2.4 Other Operating Safety Concerns 

These concerns generally ar i se during vehicle o peration or 1n accident 
or fai lure situat ions. 

Spillage of Battery Electrolyte and Metal Fire s 

Electrolyte spillage and metal fires could occur d uring replacement of 
a dry battery, as a result o f battery fail ure durin g operation (short circuit 
or overheating), or in an accident. Sulfuric a cid spi lls from Pb /ac i d bat
teries could lead to bu rns. Similar problems exist for the Ni /Fe and Ni / Zn 
batterie s with respect to the ir caust ic e l ectrolyte. Although lit tle electro
lyte spillage is anticipated from the Li/S battery , occasional metal f ires 
could occur in an a cc i den t that might r e l ease t oxic substances like sulfur and 
S02. Since the Li/S battery o perates in a vac uum at about 800° F , hot mate
rials could be relea sed during an accident . 

Future EHVs will have s ealed batteries; therefor e , no liqu ids or gases 
should be released du ring b a ttery replacement . However, standard s regarding 
flammable materials, overheat protec t ion, short - circuit protection, and elec
trolyte containment could s till be required for battery fai lure situations. 
The P.L. 94-413 performance s tandards generally address this issue by requir
ing that all battery materials remain outside the passenger compartment . 36 
Experience gained in crash tests and in the ongoing demonstration program may 
r eveal the ne e d for add itional standards t o mitigate potentia l safety prob
l ems. Additiona l t e sting of simulated veh icle accidents with Li/S EVs are 
r e quire d to assure safe containme nt of t he ho t battery mater ials. Standards 
may be required to mitigat e this problem as commer c ial iza tion proceeds . 
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Toxic Gas Release from On-Board Charger 

Although toxic gas can be released from on- board chargers during fire 
or battery system failure, the possible rates of release are unknown. Pro
posed solutions include use of nonflarmnable, nontoxic materials and minimizing 
overheating through design standards. EHVs are expected to meet any standards 
addressing this issue. 

Explosion and Fire from HV Energy System Combinations 

The potential exists for explosion and fire from certain combinations 
of energy systems (e.g., gasoline and electrolyte) in HVs in accident or 
failure situations. The solution is to develop effective des igns that 
isolate these energy sources. HVs are expected to meet any associated stan
dard prior to commercialization. 

Electromagnetic Radiation 

EVs emit electromagnetic radiation during operation. This em1.ss 1.on 
may interfere with the operat ion of certain electronic medical aids like 
cardiac pacemakers. Methods to keep th is hazard to a safe level have been 
ascertained, but no standards have been established,26 If electromagnetic 
rad iation is found to be a health-related problem, mitigating standards could 
be promulgated. 

3.7.3 Risk of Accident 

There is very little on-the-road experience with EHVs to use for 
accident risk analysis. The University of Michigan, 1.n its work for the 
opportunity and risk assessment (OPRA) study, relied on traditional CV acci
dent analysis to derive EV accident, injury, and fatality rates in urban 
areas.28,30 In the OPRA study, demonstration EVs were assumed to be like 
minicompact CVs. This approach could be extended to other EHV vehicle types. 
However, the approach does assume that t here are no differences in accident 
rates between EHVs and comparably sized CVs driven in the same locat ion. Th is 
assumption is consistent with the expectation that future EHVs will meet 
FMVSS, that EHVs will be similar in performance to the CVs they are projected 
to replace, and that EHVs will meet any standards set for the specific public 
safety concerns discussed above. 

Since EHV market penetration does not lead to changes in total number 
of vehicles or in total VMT, the assumption of similar accident rates means 
there will be no difference in the accident totals based on the number of 
EHVs. Although EVs are driven fewer miles per year than the CVs they replace, 
the VMT not driven by the EVs are assumed to be made up by CVs. (HVs are 
assumed to be driven the same annual mileage.) In summary, where accident 
totals are based on rates per VMT or rates per number of vehicles, the degree 
of market penetration of EHVs makes no difference. 

The total number of accidents will be the same, even when the assump
tion is made that EVs will be driven primarily in urban areas. This is 
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because the additional mileage that the EV would have been driven if it 
were a CV will still be driven, but by a CV. If those extra miles are driven 
in urban areas, an urban rate applies; if driven in rural areas, a rural rate 
applies. I n the end, an EV, with a CV making up the additional mileage, 
generates the same accident totals as a CV. 

Injury and fatal it y rates can be assumed to be the same for EHVs 
and CVs. (The OPRA study makes this assumption for EVs and CVs.30) Again, 
assuming similar performance and structural integrity, there should be no 
difference. However, different types of injuries may result. Chemical burns 
resulting from electrolyte spillage and fire would be associated with EVs, 
and injuries resulting from gas tank explosion and f ire would be associated 
with CVs. All these types of injuries would be associated with HVs . 

The OPRA study estimates that 3.5-9% of accidents involving EV autos 
might result in chemical burns: 53% would be first degree burns or less, 19% 
would be second degree, and 28% would be third degree. However, these esti
mates are not based on experience and could be too high. The greater struc
tural integrity of the vehicles and batteries along with careful positioning 
of the batteries could l ower the probability of a spill reaching the occupants 
of the vehicle. Because of the great uncertainty associated with estimating 
the number and degree of chemical burns and because of assumptions that future 
EHVs will meet the standards set to lessen this concern, no estimates are 
offered. 

The lower noise level of EVs during accelerat ion and low-speed opera
tion may prove hazardous to pedestrians who depend on vehicle noise as a 
warning. Whether this is significant and what the impact of minimum noise 
standards would be can not be ascertained. The P.L. 94-413 demonstration 
should provide data to help answer these questions. 

3.8 SOCIAL IMPACTS 

The social impacts of EHVs are difficult to estimate. One concern that 
has been expressed is that increased utilization of EHVs might cause or 
require lifestyle, mobility, or urban structure changes. For example, because 
EVs have been characterized as vehicles of limited range and performance, 
changes in trip-making behavior have been predicted. However , with reasonable 
advances in battery technology, future EHVs are expected to perform as well as 
CVs. Further, even though EVs are limited as to range , the range is nonethe
less substantial. Finally, EVs are predominantly commercial vehicles, parti
cularly in the LOW and MEDIUM scenarios, and lifestyle and mobility are 
thought to be impacted more by the use of EVs as personal autos and trucks 
than as commercial vehicle s. HVs, of course, are not limited in range and 
perform like CVs. 

While the above paragraph seems to argue against EHVs having major 
impacts on lifestyle, mobility, and urban structure, their marke t success will 
have some effect, particularly on mobility. Mobility is measured by a number 
of characterist ics, including the number of transportation option!: avdi.lable 
for a personal trip and the cost, comfort, convenience, safety, reliability, 
and speed of the trip.37 Although the range of e l ectric autos is expected 
to be sufficient for 95-98% of the trips made in urban areas, there are 
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some trips that will not be possible unless battery exchange stations or quick 
recharge facilities are available. Thus, the mobility of the owner or opera
tor of an EV may be somewhat reduced. On the other hand, if there are sub
stantial liquid fuel shortages, the owner or operator of an EV might be able 
to make trips that a CV owner or operator could not. 

With respect to the cost aspects of mobility, the overall costs 
of owning and operating EHVs will be higher than those of the CVs they replace 
(see Sec. 3 .10.1). Thus, it could be argued that EHVs will, to some degree, 
result in reduced mobility. However, as long as freedom of choice in the 
purchase decision remains, the purchaser might trade off other attributes 
against cost, and mobility would be maintained. Nevertheless, the higher 
overall costs of EHVs may mean that lower-income groups would remain tied to 
lower-cost CVs, even in times of high liquid fuel prices and low liquid fuel 
availability, which would restrict their mobility. Personal electric autos 
are expected to penetrate higher-income markets. 

With respect to other measurements of mobility, EHVs may not be as 
convenient as the CVs they replace. Fuel needs require more planning. How
ever, at least in times of fuel shortages, the fuel (electricity) generally 
should be more readily available. EVs may be more reliable than the CVs they 
replace but HVs may not be. EHVs should be as comfortable as CVs, and they 
will be safe once they are commercialized. Although EVs do not sustain 
maximum speed as long as CVs, they will be able to maintain it for an adequate 
time period (i.e., to 80% discharge). 

In summary, there may be some impacts from EHV penetration on mobility, 
on urban structure as it is affected by changes in mobility, and on lifestyle. 
Although some positive impacts are anticipated along with the negative, the 
degree to which all of these impacts are significant is unknown. What is 
known is that the use of large numbers of limited performance EVs would result 
in more severe social impacts than tho,se anticipated with the use of EVs 
having the performance capabilities assumed in this assessment. 

Apart from the social impacts that are associated with mobility 
changes, EHV penetration may lead to other social impacts. Particularly in 
the HIGH I and HIGH II scenarios, the potential exists for other types of 
social impacts in specific local areas, i.e., those impacts resulting from 
significant employment changes (see Sec. 3.10.2). Further, EHV penetration 
may be associated with some changes in lifestyle, mobility, and urban struc
ture necessitated by liquid fuel shortages or high costs. For example, the 
HIGH I and HIGH II scenarios include increased use of mass transit in all 
urban and suburban areas. However, the increased penetration of EHVs does not 
itself cause these changes. 

3.9 INSTITUTIONAL IMPACTS 

The institutional impacts analyzed here are those related to the 
transportation infrastructure needed to support EHV penetration. Several 
reports that examine infrastructure factors affecting EHV commercialization 
are used in the following discussion.30,38,39 
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3.9.1 Electricity Supply and Fuel Delivery 

Adequate availability of electricity for battery charging is essential 
to ERV commercialization. Appendix F presents the analysis of the fuel types 
used to generate electricity for 158 urbanized areas for the LOW I, MEDIUM, 
and HIGH I scenarios in 1990 and 2000. Regional and national summaries are 
presented for all five EHV scenarios for 1990 and 2000, along with summan.es 
for 10 selected urbanized areas for al 1 five scenarios for 1985, 1990, and 
2000. In each scenario, approximately 80% of the required charging energy is 
generated by coal or nuc lear power plants, with the balance generated by power 
plants fueled with oil or natural gas. 

The impact of any of the five EHV scenarios on electric utilities is 
minimal, even in the year 2000. For example, total EHV electrical consumpt i on 
in HIGH I and HIGH II represents only about 3% of projected U.S. electricity 
demand in 2000. However, for four of the 158 urbanized areas, and particular
ly the New York-New Jersey area, additional electricity consumption as a 
result of EHV penetration under HIGH I and HIGH II represents a sizable 
fraction of the electricity demand in the year 2000 and would have to be 
included in the utility planning process. 

These conclusions are based on the assumption that all truck and 
auto EHVs are charged off peak. Buses are charged twice a day but only 
once during peak hours. However, this is less than 1% of all the electricity 
used by EHVs in all scenarios. Utility time-of-day pricing encourages off
peak charging. Th is type of pricing structure occurs relatively infrequently 
in the LOW scenarios but is a nationwide phenomenon in the HIGH scenarios. 

The availability of a recharging infrastructure is essential to 
ERV commercialization . In fact, the lack of a recharging infrastructure fo r 
EHVs other than at fleet facilities is considered by some to be a barrier to 
EHV commercialization.38,39 For example, 60% of the households i n the 24 
largest urban areas of the United States are not i n singl e-family houses with 
a garage or carport that would make it possible to use the household ' s i ndiv i 
dual electricity supply to charge the battery.39 It has been suggested t hat 
EHV commercialization could be encouraged by establishing central recharging 
facilities, such as electric hookups at pub l ic parking garages or lots or at 
multiunit housing. 

In this analysis , the scenarios assume penetration only where recharg
ing fac ilities could be readily available. This is true for all EHV markets. 
For the personal auto market, for example, EHV owners are assumed to be 
higher-income households with two or more vehicles in single-family housing 
with off-street parking where the EHVs could be charged. In other words, lack 
of public charging facilities does not a ffect the penetration totals of the 
scenarios. 

Although the availability of battery exchange stations or recharging 
facili ties at service stations is not required f or these scenarios, these 
facilities would act as range extenders. Re charging at service stations for 
range extension would often occur at the expense of the off-peak charging 
assumption. Fueling facilities in public places and in multiunit housing 
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garages may be required to achieve higher penetration totals in the years 
beyond 2000. Studies to investigate facility requirements, costs and impacts 
of commercial recharging facilities, and battery exchange are underway. 

The local distribution system of an electric utility could be adversely 
affected by the recharging of an EHV commercial fleet. Such effects would be 
most pronounced near the EHV charging facility and might require the utility 
to install additional distribution lines and line transformers and possibly to 
upgrade the substation. A quick recharge capability would cause the most 
severe effects. However, these effects could be mitigated through the use of 
direct load management by the utility. Further, some older houses might 
require the installation of larger electrical capacity to allow for the 
chargi ng of EHVs during operation of other high-load applicances. Fleet 
facilities with recharge centers might also require increased electrical 
capacity. 

3.9.2 Vehicle Manufacture 

Past experience with automotive innovations indicates that EHV manu
f ac tur ing and distribution can be absorbed by the present CV industry. 
However, it is expected that small entrepreneurial firms generally will be 
the main source of personal and commercial EHVs during the early stages of 
market development. The major auto manufacturers are poorly suited to limited 
production and, to reduce risk, prefer to innovate through a process of 
gradual change in product performance and design.38 Ther efore, because EHVs 
represent a major departure from CVs and because initial auto market demand is 
expected to be too smal l to support production lines of a minimum of 100,000 
units per year, the major vehicle manufacturers will most likely enter the 
auto market with mass production at later stages of EHV development. In fact, 
these major manufacturers , General Motors Corporation i n particular, may move 
into mass production of electric autos earlier than projected in the scenarios 
(i.e., in the next five to seven years). 

Historically, commercial vehicle manufactur ing and passenger auto 
production have been organized differently,38 Commercial products are more 
likely to be built to meet part icular customer needs. Each of the major 
vehicle manufacturers has subsidiary operations that produce CVs for commer
cial applications. Commercial EHVs could be manufactured along with their 
equivalent CVs through the use of similar mass-produced components (bodies and 
frames) and serially added electric drive components. Thus, commercial EHVs 
could be produced by the major manufacturers at lower volumes than would 
normally be required for an EHV auto of totally new design. Since the com
mercial segment o f the major vehicle manufacturers is more likely to respond 
rapidly to customer dema nds for new types of vehicles like EHVs, EHVs are 
assumed to penetrate the commercial market first. In fact, commercial vehi
cles are assumed to be the predominant vehicles in the LOW and MEDIUM 
scenarios. 

While little change is expected in the light truck body and chassis 
assembly 1 ines, the HIGH scenarios cal 1 for rapid conversion of the conven
tional auto production lines of the three largest domestic auto manufacturers. 
Seven large-scale production lines, each capable of producing 400,000 electric 
autos, would have to be in place to produce the 3,000,000 electric autos 
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the HIGH I scenario requires of the major manufacturers by 2000. 40 Deci
sions to proceed with these production lines would have to be made by 1995 
with prior production experience with only one EV production line. Decision
making requirements and the minimal level of experience would be similar in 
HIGH II. Further, these industry decisions probab ly would have to be made in 
an era of severe gasoline shortages and a climate of intense business dif
ficulty. 

Although sufficient capital should be available for the production of 
EHVs, an uncertain business climate in the HIGH scenarios may dampen invest
ments of this type. Section 3.10.5 describes add i tional impacts of EHVs on 
the capital investment requirements of the motor vehicle and battery indus
tries. 

Financing depends on the creditworthiness of the borrower. Federal 
loan guarantees are available under the P.L. 94-413 demonstration program for 
current EHV producers to increase production capacity. Under the MEDIUM and 
HIGH scenarios, these guarantees are projected to continue beyond the demon
stration. Particularly under the HIGH scenarios, the government would have to 
take additional strong measures to defray manufacturing risk. 

3.9.3 Vehicle Servicing 

Because of their simpler propulsion systems ( fewer moving parts), 
EVs should be more reliable and easier to maintain and therefore require less 
downtime for repairs than CVs, at least past the initial stages of EV develop
ment, 38 Because of their two power sources, HVs should be more complex to 
maintain. Both require scheduled periodic maintenance as well as unscheduled 
and accident repairs. Equ i pment to provide these services and personnel 
trained in servicing EHVs will be required. (Facilities for battery exchange 
and battery charging are discussed in Sec. 3.9. 1 .) 

Since much of the initial development of EHVs 1s expected to be 1n 
commercial fleets, the lack of public vehicle servicing fac ilities is not as 
serious as it would be if initial commercialization were largely in private 
autos. Fleet operators normally provide some of their own support systems and 
could prov ide relatively easily for the additional special r e quirements 
associated with EHVs, including routine service and maintenance.41 Major 
repairs may be performed by some fl ee t EHV operators. However, even for fleet 
ope rators, the lack of diagnostic and test equipment for identification of 
failure causes, adequate parts supply, and local facilities for warranty 
processing must be overcome in order to enhance commercialization. 

There will be nonfleet commercial and personal electric and hybrid 
truck and auto operators, who will not have their own vehicle servicing 
facilities, parts supply, warranty processing faci li ties, or trained serv{ce 
personnel. The institutions that will service these nonfleet EHVs are uncer
tain. Existing vehicle repair and maintenance facil it ies could be adapted to 
include EHVs. At a minimum, the major common components could be repaired and 
maintained by the same facilities. Major manufacturers of subsystem compo
nents could issue warranties for EHV subsystems and service t hese subsystems 
through their existing distribution networks and service centers. Major 
retail stores could market EHVs manufactured by others and service them at 



65 

their auto service centers. Facilities designed to service only EHVs also are 
possible. EHV sales centers, which could include CV dealerships, might 
provide servicing. In the P.L. 94-413 demonstration, nonfleet EHV users are 
expected to return to the sales center for servicing. 

Personnel trained in servicing EHVs are required. Mechanics who 
service CVs will require new skills to service systems unique to EHVs. 

With nearly four million EHV light personal trucks and over 10 million 
EHV autos in 2000 under the HIGH scenarios, it is expected that the government 
will have to encourage the development of a servicing network. To achieve 
the LOW and MEDIUM scenarios, government activity beyond that occurring in the 
demonstration program is not anticipated. 

The impact on existing CV servicing facilities is not clear. As 
stated above, some existing vehicle repair and maintenance facilities may be 
adapted to include EHVs. The existing CV service network may be changing, 
even without penetration of EHVs; there appears to be a trend toward reduced 
repair and maintenance services provided by major oil companies. Particularly 
under the HIGH scenarios, some attention by the government to any adverse 
impacts resulting from EHV penetration on CV repair and maintenance facilities 
and on their personnel will be required. 

3.9.4 Roadway Construction, Operation and Maintenance 

The existing roadway infrastructure is available to EHVs. However, 
current limited-access highways and minimum speed laws have been considered by 
some to be a barrier to EHV acceptance.38,39 In particular, EVs have been 
characterized as having slower acceleration than CVs, which would affect their 
merging capabilities on freeways, and as having maximum speeds (especially 
at 80% discharge) too low to meet minimum speed laws. This is not true of the 
vehicles expected to be available in 1985 and beyond; they will be comparable 
in performance to future CVs and will meet the acceleration and minimum speed 
requirements of 1 imited-access roadways. Thus, increased use of EHVs should 
not require changes in highway design, speed laws, traffic signal timing, or 
intersection capacity. 

3.9.5 Financing 

Existing financial institutions should support the sale of EHVs.38 
Normal loan relationships should apply. The major criterion that banks are 
expected to use in making loans to EHV dealers and purchasers will be the 
creditworthiness of the borrower. However, some near-term problems could 
emerge. For example, consumers may withhold loan payments if manufacturers 
default on written or implied warranties. Or, if a consumer expects but does 
not find EHV performance to be similar to CV performance and if the seller 
referred the consumer to the lender (a common practice), the consumer legally 
may withhold payment.38 However, EHVs are expected to be similar in perfor
mance to CVs by 1985. 

Another problem is that near-term EHV manufacturers are 1 ikely to be 
small, entrepreneurial firms with limited finances. They may not be able to 
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meet val id warranty ob 1 igat ions . 38 However , this problem should be reduc ed 
as ERV commercialization leads to growth in these firms. It will be much 
reduced by the time the major domestic vehicle manufacturers are dominant in 
the ERV market. 

3.9.6 Insurance 

It is expected that existing insurance and legal institutions will 
not impede the sale and use of EHVs. Large fleet operators may self-insure. 
Insurance carriers for other EHVs will be concerned with safety, damageabil
ity, and ease of repairs.38 In the initial stages of ERV development, 
i nsurance rates may be high until accident statistics can provide a reliable 
basis for rate adjustments. Since accident rates and performance are expected 
to be similar for future EHVs and CVs (see Sec. 3.7.3), insurance rates based 
on these factors should be similar after the initial EHV development stages. 
However, because EHVs are expected to cost more than the CVs they repl ace, the 
part of vehicle insurance based on the market value of the vehicle (comprehen
sive and collision coverage) will remain higher for EHVs. 

Initially, lack o f repair parts and trained service personnel may 
result in higher costs to insurers, which could translate into higher rates. 
In certain situations, insurers must provide substitute vehicles; therefore, 
delays in securing scarce parts and service are costly.30 

The potential also exists in the early stages of EHV development 
for excessive product liability claims and, thus, for expensive product 
liability insurance. EHV owners, drivers, and manuf acturers can be sued and 
held liable in vehicle accidents resulting in personal injuries that are 
caused by EHV design defects or manufacturing negligence.38 (In the P.L. 
94-913 demonstration program, the federal government also can be sued for 
design defects.) However, if the EHV driver or owner is held liable, they 
are able to make a claim against the manufacturer. Thus, a design defect or a 
series of manuf acturing errors could result in many mill ions of dollars of 
exposure for a manufacturer. If major corporations like General Motors or 
General Electric Company were the manufacturers, this potential liability 
probably would not be a serious problem. However, many of the current EHV 
manufacturers are small entrepreneurial firms and can not absorb the costs of 
adequate l iability insurance or excessive claims. 

One solution that has been suggested has been government insurance 
similar to the Price-Anderson Act, which provides coverage for utilities 
operating nuclear power plants. 38 The manufacturer is required to provide 
some insurance privately, and the government insures against liabilities over 
a certain amount. This, of course, distributes some of the cost of EHVs to 
all of society. Whether or not this solution is adopted, the larger firms 
that will come to dominate as EHV manufacturers are less vulnerable in this 
respect. Nonetheless, product liability will be an impediment in the early 
years to achieving the degrees of market penetration assumed for each of the 
scenarios. 

3.9.7 Taxes 

A number of transportation taxes and fees will be affected by ERV 
commercialization. The gasoline tax is one major source of federal, state, 
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and sometimes local revenues for road construction, repairs, and maintenance . 
Since EVs do not use gas and HVs use less gas than CVs, replacement taxes will 
be required (see Sec. 3 . 10.5). 

Sales taxes and vehicle property taxes will be higher for EHVs than 
for the CVs they replace, because EHVs will have higher purchase prices. 
Vehicle registration fees are calculated differently from state to state; they 
can be imposed on specific classes of vehicles or they can be proportional to 
vehicle weight or price. Because EHVs are heavier and cost more than the CVs 
they replace, these latter forms of registration would impose higher fees on 
EHVs. However, as currently structured, these higher fees would not affect 
life cycle costs significantly. No projection is made in this assessment as 
to how the sales tax, property tax, and r egistration fees might be changed as 
a result of ERV commercialization. 

EHV owners may benef i t from tax credits or other government incentives. 
No incentives to buyers are included in the LOW scenarios, but DOE incentives 
begin in 1985 in the MEDIUM and HIGH scenarios. 

3.9.8 Regulation and Enforcement 

A number of highway use, safC: ty, and insurance regulations have been 
established based on CV performance characteristics. These should not be 
affected by EHV commercialization . For example, mandatory l iability insurance 
coverage, licensing of vehicles and vehicle drivers, and FMVSS should not be 
affected because EHVs will be similar in performance to CVs. 

Enforcement of highway use and other regulations generally will 
be the same. Vehicle inspection related to emission control (air or noise) 
will continue for CVs and probably HVs. EV s may have to undergo these 
tests if they use gasoline-powered accessories . 

3.9.9 Other Transportation Infrastructure 

There are a number of other potential impacts on transportation insti
tutions related to EHV commercialization. First, fires in EHVs resulting from 
malfunctions or accidents require different fire-fighting techniques than CV 
fires . Fire fighters must be informed that EHVs are operating, especial
ly in the LOW scenarios and in the early years of the other scenarios when 
relatively few EHVs are on the road. Special i nstruction and preparation for 
fire fighters will be required. 

Second, dr iver training will be affected. Although EHVs penetrate 
significantly in commercial fleets where operators can learn from each other, 
they also penetrate in the personal use markets. Instructions on operating 
EHVs will have to be clear, since operation will be somewhat different 
than CV operation (see Sec. 3.7 . 2.2). 

Third, regional planners, particularly those concerned with transpor
tation and air quality, will have to incorporate EHVs and their air and noise 
emissions in their planning. For example, planners will have to decide 
whether to allow EHVs in CV- free zones (zones often established to reduce air 
and noise emissions). The MEDIUM scenario in 1990 projects that several CBDs 
will have CV-free zones; under the HIGH scenarios, most major CBDs and some 
other local areas with severe air quality problems will be free of CVs. 
Finally, EHV priority parking schemes may affect CV parking. 
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3.10 ECONOMIC IMPACTS 

3.10.1 Cost of Travel 

Estimating initial EHV costs is extremely difficult. For example, 
significant problems exist in characterizing nonexistent production processes. 
This is the current si tua tion for Ni/Zn, Ni/Fe, and Li/S EHVs. Changes in 
the characterization of the batteries could significantly change the vehicle 
cost estimates. Another problem is forecasting the price of materials. 
However, ranking EHVs in terms of cost relative to one another and cost 
comparisons with equivalent CVs are less likely to change than the costs 
themse lves . Consequently, ranking and cost comparisons are emphasized in this 
analysis. Even this approach has its limitations, because it does not give 
weigh t to the differences in range expected among the EHVs or the differences 
between EHVs and CVs in total lifetime VMT. 

Ini tial costs are calculated for the timeframe 1985-2000 by the 
value-added and the fixed mark-up methods. When EHVs are ranked in cost by 
battery type, the results using these two methods are similar to those of four 
other recent EHV cost studies. These two methods and the assumptions neces
sary to calculate life cycle costs are presented in Sec. G.l. The life cycle 
costs method is a minor modification of a method discussed in Ref. 42. 

3.10.1.1 Initial Vehicle Cost 

Initial Cost of EHVs 

Considering all EHV and CV vehicle classes and using both the value
added and fixed mark-up method, Pb/ac id EVs have lower init ial costs than any 
other EHV in the scenarios (see Tables 3.30 and 3.31). Using the value-added 
approach only, Li/S EVs are next lowest, while the Ni/Zn EHVs are the most 
expensive passenger cars and among the most expensive trucks and buses. 

The fixed mark-up approach could not be applied to Li/S EVs, because 
their battery production process is expected to be quite different from the 
others. However, the Ni/Zn and Ni/Fe battery product ion processes are some
what similar to the better known Pb/acid production process and should have 
similar costs. Thus, the Ni/Zn and Ni/Fe EHVs were assigned the Pb/ acid 
battery mark-up. Using this method, vehicle costs are about the same within 
each truck and bus category, regardless of battery type. In the passenger car 
category, Pb/ acid and Ni/Fe EVs are approximately equal in cost and are the 
least expensive of the EHVs; Ni/Zn passenger EVs are the most expensive of the 
EHVs. 

Pb/acid EHVs probably have the lowest initial cost, because the batter
ies are constructed with relatively i nexpens ive materials and the battery 
production process 1s known. Ranking Li/S EVs second results from their 
relatively inexpensive battery material base. This analysis assumes the 
best-case usage of lithium metal in Li/S batteries . I f expected technology 
breakthroughs do not occur, the cost of these vehicles will be substantially 
greater. Further, the Li/S battery production process is not yet known. When 
the process is known, vehicle cost estimates could be significantly different. 



Table 3.30. Initial Costs of EHVs and CVs Using Value-Added and Fixed Mark-Up Methods 

EV or HV Cost (constant 1979$) 
Increase from Increase from 

and Initial Cost Initial Cost Initial Cost of CV Cost to ERV CV Cost to EHV 
Vehicle Type of Using Value- Using Fixed Equivalent CV Using Value-Added Cost Fixed Mark-Up Cost 

Type Battery Added Method Mark-Up Method Value-Added Method (%) (%) 

4Pl Pb/Acid EV 4,090 4,090 3,000 36 36 
4P3 Ni/Fe EV 4,760 4,160 3,000 59 38 
4P5 Ni/Zn EV 7,630 5,990 3,170 llO 87 
4P7 Li/S EV 4,560 a 3,220 42 
4Pl0 Pb/Acid HV 5,140 5,080 3,550 45 43 
4Pll Ni/Zn HV 5,640 5,030 3,550 59 42 
5Pl Pb/Acid EV 4,980 4,980 3,630 37 37 
5P3 Ni/Fe EV 6,840 5,290 3,630 88 46 
SPS Ni/Zn EV 9,240 7,240 3,800 143 91 
5P7 Li/S EV 5,920 a 3,840 54 
5Pl0 Pb/Acid EV 5,880 5,880 4,340 35 35 
5Pll Ni/Zn HV 6,450 5,810 4,340 49 34 
LTl Pb/Acid EV 6,180 6,180 3,830 61 61 
LT2 Ni/Fe EV 7,520 6,420 3,830 97 68 Q'\ 

\D LT3 Ni/Zn EV 7,330 6,100 3,830 92 59 
LTS Li/S EV 6,780 a 3,830 77 
MTl Pb/Acid EV 9,110 9,110 6,350 44 44 
MT2 Ni/Fe EV 10,660 9,740 6,350 68 53 
MT3 Ni/Zn EV 10,790 9,670 6,350 70 52 
MTS Li/S EV 9,920 a 6,350 56 
MT7 Pb/Acid EV 8,940 9,040 6,350 41 43 
MT8 Ni/Zn HV 11,820 9,930 6,350 86 56 
HTl Pb/Acid EV 12,240 12,240 8,400 46 46 
HT2 Ni/Fe EV 14,940 13,390 8,400 78 59 
HT3 Ni/Zn EV 14,650 13,060 8,400 74 55 
HTS Li/S EV 13,750 a 8,400 64 
SBl Pb/Acid EV 15,960 15,960 11,130 43 43 
SB2 Ni/Fe EV 18,560 17,020 11,130 67 53 
SB3 Ni/Zn EV 18,790 16,950 11,130 69 52 
SBS Li/S EV 17,890 a ll, 130 61 
LBl Pb/Acid EV 35,980 35,980 27 ,070 33 33 
LB2 Ni/Fe EV 42,910 37,450 27,070 58 38 
LB3 Ni/Zn EV 43,460 37,660 27,070 61 39 
LBS Li/S EV 42,310 a 27,070 56 

4 Fixed mark-up not applicable to Li/S vehicles. 
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Table 3 . 31. Ranking of EHVs Based on Initial Costs 

- ---·- ·- ------- - -
Vehicle Lowest Cost Highest Cost 

Type Method 1 2 3 4 
·----

Four- Value-added Pb/Acid EV Li/S EV Pb/Acid HV Ni/ Zn EV 

passenger Ni/Fe EV Ni/Zn HV 
car Fixed mark-up Pb/Acid EV Pb/Acid HV Ni/Zn EV 

Ni/Fe EV Ni /Zn HV 

Five- Value-added Pb/Acid EV Pb/Acid HV Ni/Zn HV Ni/Zn EV 

passenger Li/S EV Ni/Zn EV 
car Fi xed mark-up Pb/Ac i d EV Pb/Acid HV Ni/ Zn EV 

Ni /Fe EV Ni/Zn HV 

Light Value-added Pb/Acid EV Li/S EV Ni/Zn EV 

truck Ni/Fe EV 

Fixed mark- up a 

Medium Value-added Pb/Acid EV Li/S EV Ni/Zn EV Ni/Zn HV 

truck Pb/Acid HV Ni/Fe EV 

Fixed mark-up a 

Heavy Va lue- added Pb/Acid EV Li /S EV Ni/Zn EV 

truck Ni/Fe EV 

Fixed mark-up a 

Small bus Value-added Pb/Acid EV Li/S EV 
Ni /Zn EV 
Ni/Fe EV 

Fixed mark- up a 

Large bus Value-added Pb/Acid EV Li/S EV 
Ni/Zn EV 
Ni/Fe EV 

Fixed mark- up a 
- - - - - ------ - -------- - -

apb/acid, Ni /Fe , and Ni/Zn vehicles are very s imilar in cost . 

Generally, Ni / Zn EHVs are the most cost l y because of the relatively 
l ar ge quantities of high-pr i ced materials needed for their battery packs. 
However , technology changes have occurred recently that could reduce the 
required quantities of these expensive material s from the quantities assumed 
in this analysis . Further ; the fixed mark-up method does lessen the impact of 
the higher materials costs of these vehicles . 
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Comparison of Initial Costs of EHVs and CVs 

Using the value-added method, EHV initial costs are 36- 143% higher than 
those of equivalent CVs (see Tab le 3.30) . As expected, the fixed mark-up 
method narrows this difference slightly (36-91%). These initial cost dif
ferences and the lower range of the EHVs may hinder EHV market penetration. 

Several factors could alter the initial cost differences. First, new 
technologies usually have high initial costs. While mass production has been 
assumed, initial costs should be lowered significantly as experience is gained 
i n producing EHVs. Second, if technology breakthroughs are achieved, materia l 
input requirements coul d be lowered. Third, higher materials prices and 
potential materials shortages could occur as EHVs achieve greater penetration 
(see Sec. 3.2). This study does not project i ncreased materials prices. 

3.10 .1 .2 Life Cycle Vehicle Costs 

All life cycle costs are calculated using the value-added initial cost 
method to provide a bas is for compari ,;;rin . (Li/S EVs could not be analyzed 
using the fixed mark-up method.) 

Life Cycle Cost of EHVs 

Table 3.32 presents the l ife cycle costs for EHVs and equivalent CVs, 
and Table 3.33 shows the EHV life cycle cost rankings. For passenge r cars, 
the order from least expensive to most expensive is: Pb/acid and Ni/Fe EVs , 
Li/S EVs, Pb/acid HVs, Ni/Zn HVs, and Ni/Zn EVs. This order is usually the 
same for trucks and buses, except that Ni/Zn EVs and Ni/Zn HVs are r eversed. 
For all vehicles, Pb/acid and Ni/Fe EVs generally have lower life cycle 
costs. 

The low life cycle costs of Ni/Fe EVs can be attributed to their 
long-lasting battery packs. Thei r long l ife more than offsets their rela-
tively high material costs. Therefore, capital and replacement costs for 
Ni/Fe EVs are significantly lower than for other EHVs. The lower materials 
input costs for the battery packs of Pb/acid and Li/S vehicles affect their 
life cycle costs, since those capital and replacement costs are relatively 
lower. Ni /Zn EHV life cycle costs a re heavily influenced by the relatively 
high cost of the Ni/Zn battery pack. 

If significant penetration of EHVs occurs, there will be increases 1.n 
the prices of component materia l s . Thus, it is possible that the value of a 
battery will appreciate significant l y during its life. Certain EHVs, Ni/Fe 
and Ni/Zn EHVs in particular, could come to be v i ewed as investments in pre
cious metals . This cost advantage of EHVs is not usually recognized and has 
not been explicitly included i n this analysis. 

Comparison of Life Cycle Costs of EHVs and CVs 

Table 3 .32 shows EHV life cycle costs are always higher (up to 146%) 
than the costs of equivalent CVs. This can be attributed to the higher 



Table 3. 32. Life Cycle Costs of EHVs and CVs 

Cost (constant 1979$) Increase from 
EV or HV CV Cost to 

Vehicle and Type Initial Operating Capita l Total Life Equivalent CV EHV Cost 
Type of Battery Cost Cost Cost Cycle Cost Life Cycle Cost ( % ) 

4Pl Pb/Acid EV 4,090 9,940 2,050 16,080 15,040 7 
4P3 Ni/Fe EV 4,760 8,250 2,5 10 15,520 15,040 3 
4P5 Ni/Zn EV 7,630 16,250 3,490 27,370 15,160 80 
4P7 Li/S EV 4,560 10,580 2,240 17,380 15,200 14 
4Pl0 Pb/Acid HV 5,140 13,080 2,580 20,800 17,660 18 
4Pll Ni/Zn HV 5,640 15,140 2,710 23,490 17,660 33 
5Pl Pb/ Ac id EV 4,980 10,980 2,480 18,440 17 ,490 5 
5P3 Ni/Fe EV 6,840 8,830 3,600 19,270 17,490 10 
5P5 Ni/Zn EV 9,240 18,760 4,230 32,230 17,610 83 
5P7 Li/S EV 5,920 12,500 2,870 21,290 17,640 21 
5P10 Pb/Acid HV 5,880 14,350 2,960 23,190 20,380 14 
5Pll Ni/Zn HV 6,450 17,430 3,100 26,980 20,380 32 
LTl Pb/Acid EV 6,180 12,390 3,050 21,620 17,930 21 
LT2 Ni/Fe EV 7,520 9,490 3,970 20,980 17,930 17 -.J 

N 

LT3 Ni/Zn EV 7,330 14,840 3,460 25,620 17,930 43 
LT5 Li/S EV 6,780 13,450 3,270 23,500 17,930 31 
MTl Pb/Acid EV 9,110 15,700 4,520 29,330 22,360 31 
MT2 Ni/Fe EV 10,660 11,720 5,620 28,000 22,360 25 
MT3 NI/Zn EV 10,790 19,140 5, 130 35,060 22,360 57 
MTS Li/S EV 9,920 17,740 4,780 32,440 22,360 45 
MT7 Pb/Acid HV 8,940 17,120 4,460 30,520 22,360 36 
MT8 Ni/Zn HV 11,820 21,880 5,630 39,320 22,360 76 
HTl Pb/Acid EV 12,240 19,360 6,050 37,650 25,290 49 
HT2 Ni/Fe EV 14,940 13 , 780 7,880 36,590 25,290 45 
HT3 Ni/Zn EV 14,650 25,220 6 , 930 46,800 25,290 85 
HTS Li/S EV 13,750 22,440 6,600 42,790 25,290 69 
SBl Pb/Acid EV 15,960 21,200 7,940 45, 100 29 , 810 51 
SB2 Ni/Fe EV 18,560 14,570 9,790 42,920 29,810 44 
SB3 Ni/Zn EV 18,790 27,030 8,960 54,800 29,810 84 
SB5 Li/S EV 17,890 25,020 8,660 51,570 29,810 73 
LBl Pb/Acid 35,980 43 , 240 17 ,870 97,090 49,510 96 
LB2 Ni/Fe EV 42,910 28,000 22,630 93,540 49,510 89 
LB3 Ni/Zn EV 43,460 57,660 20,660 121,780 49,510 146 
LBS Li/S EV 42,310 55,140 20,330 117,780 49,510 138 
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Table 3.33. Rankings of EHVs Based on Life Cycle Costs (1 = least cost) 

Highest 
Vehicle Lowest Cost Cost 

Type 1 2 3 4 5 6 

Four- Pb/Acid EV Li/S EV Pb/ Acid HV Ni/Zn HV Ni/Zn EV 
passenger Ni/Fe EV 
car 

Five- Pb/Acid EV Li/S EV Pb/ Acid HV Ni/Zn HV Ni/Zn EV 
passenger Ni/Fe EV 
car 

Light Pb/Acid EV Li/S EV Ni/Zn EV 
truck Ni/Fe EV 

Medium Ni/Fe EV Pb/Acid EV Pb/Acid HV Li/S EV Ni/Zn EV Ni/Zn HV 
truck 

Heavy Ni/Fe EV Pb/Acid EV Li/S EV Ni/Zn EV 
truck 

Small bus Ni/Fe EV Pb/Acid EV Li/S EV Ni/Zn EV 

Large bus Ni/Fe EV Pb/Acid EV Li/S EV Ni/Zn EV 

initial, capital (financing), and battery replacement costs of the EHVs. 
However, Pb/acid and Ni/Fe EV passenger car life cycle costs are only 3-10% 
higher than the costs of equivalent CVs. Pb/acid HV cars are 14- 18% higher 
than CVs . This is probably due to relatively low materials costs and greater 
experience in making Pb/acid batteries . The lower Ni/Fe EV battery replace
ment and capital costs make that vehicle nearly competitive with the equiva
lent CV. Ni/Zn ERV life cycle costs are significantly higher because of 
higher battery materials, replacement, and capital costs. As EHVs get larger 
(trucks and buses), the difference i n life cycle costs between an EV or HV and 
the equivalent CV increases as a result of greater capital costs, insurance, 
road taxes, and title registration and license fees of EHVs. For example, a 
Pb/acid light truck has 21% higher life cycle costs than the equivalent CV, 
but the difference is 96% for large buses. 

3.10.1.3 Summary 

This analysis shows that the Pb/acid EV has l ower initial costs using 
both the value- added and fixed mark-up methods and lower life cycle costs than 
other EHVs, with Li/S EVs second using only the value-added method. Ni/Zn 
EHVs have the largest i nitial cost using both methods. No other definitive 
statements can be made about EHV initial costs. Pb/acid and Ni/Fe EHVs have 
the lowest life cycle costs; Ni/Zn EHVs have the highest. While some of the 
cost differences among EHVs are substantial, the value to the consumer of 
some of the higher cost EHVs is that they have greater range. 
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EHV initial costs (using both methods) and life cycle costs are always 
higher than those of the equivalent CVs. The life cycle cost difference 
widens as EHVs become larger. This could affect EHV commercialization, for 
commercial vehicles make up at least half of the EHV totals in all scenarios. 

3.10.2 Employment 

Ninety national employment sectors are examined for each scenario. 
Table 3.34 lists the 11 industries that are most likely to be impacted by EHV 
market penetration and that are examined in detail in this analysis. Section 
G.2 presents the analysis method and the likely national employment changes 
for these industries. Materials requirement changes as a result of EHV market 
success are a major factor in employment changes associated with EHVs. The 
employment results discussed in this subsection are based on EHV direct 
materials requirements without recycling. 

Significant national changes 1.n industrial employment do not occur 
until the late 1990s; even then, only 5 of the 11 industries have EHV
induced employment changes of greater than 10,000 workers and only in the HIGH 
scenarios. Four industries (mining, nonferrous metals processing, electric 
utilities, and batteries) show increased employment. Crude oil production 
shows decreased employment. These results are similar to those found by 
other researchers.24 Table 3.35 summarizes the results. 

Total nat ional employment is not affected to any measureable degree by 
EHV market penetration. Table 3.36 shows that operatives (semiskilled 
workers) would be in most demand as a result of predicted employment changes, 
Managers, professionals (engineers), and sales personnel would not be signifi
cantly impacted. 

Since most U.S. lead mining occurs 1.n Iron County, Missouri, this 
community was selected as a case study area for several of the analyses 
for this EA, including employment. Lead mining employment in 2000 increases 
from 1480 in the BASE scenario to 2672 in the HIGH I scenario. Table 3.37 
summarizes basic employment project ions, and Table 3. 38 shows employment, 
population, and in-migrant changes by scenario. Significant changes due to 
EHVs also occur in population and in-migration figures. For example, the BASE 

Table 3.34. Industries for Which Employment 
Impacts Were Examined in Detail 

Motor vehicle Petrol eum refining 

Batteries Crude oil production 

Plastics Electric utilities 

Rubber Iron and steel 

Mining Engine electrical equipment 

Nonferrous processing 
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Table .3.35. Industries with Changes in Employment Greater 
than 10,000 from BASE Scenario, 2000 

Change as 
Employment Percentage of 

BASE Scenario Change from BASE Scenario 
Industry Scenario Employment BASE Scenario Employment 

Mining HIGH I 345,000 12,000 
HIGH II 345,000 12,000 

Nonferrous LOW II 414,000 10,000 
processing HIGH I 414,000 13,000 

HIGH II 414,000 17,000 

Crude oil HIGH I 99,000 -12,000 
production HIGH II 99,000 -10,000 

Electric HIGH I 553,000 28,000 
ut il it ies HIGH II 553,000 21,000 

Batteries MEDIUM 147,000 11,000 
HIGH I 147,000 39,000 
HIGH II 147,000 17,000 

Table 3.36. Skill Change Requirements Greater than 4000 
per Skill Category from BASE Scenario, 2000 

3 
3 

2 
3 
4 

-12 
-10 

5 
4 

7 
27 
12 

Skill Employment Change 
Industry 

Mining 

Nonferrous 
processing 

Crude oil 
production 

Electric 
utilities 

Batteries 

Scenario 

HIGH I and II 

LOW II 
HIGH I 
HIGH II 

HIGH I 

HIGH I 

HIGH II 

HIGH I 

Category 

Operatives a 

Operatives 
Operatives 
Operatives 

Operatives 

Clerical 
Crafts 
Clerical 
Crafts 

Managerial 
Sales 
Clerical 
Crafts 
Operatives 

from BASE Scenario 

4,771 

4,711 
6,124 
8,009 

-4,302 

5,634 
13,014 
4,225 
9,761 

9,036 
8,280 
6,150 
6,154 
7,773 

aoperatives include semiskilled metalworking, packing, 
inspecting, and transport workers. 
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Table 3.37. Lead Mining and Refining Employment Projections, 
Iron County, Missouri 

- - -·-- · ·---- - ------ - --
Change from BASE 

Basic Employmenta Scenario 

Scenario 1978 1985 1990 2000 1985 1990 2000 
--·-

BASE ( all CVs) 779 1083 1184 1480 

LOW I 779 1083 1231 1815 0 47 335 

LOW II 779 1083 1215 2127 0 31 647 

MEDIUM 779 1083 1200 1828 0 16 348 

HI GH I 779 1098 1231 2672 15 47 1192 

HI GH II 779 1098 1223 2189 15 39 709 

aBasic employment is employment that creates goods to be 
exported f rom a given locality . Secondary employment 
services bas i c workers and their fami l ies (e.g., teachers, 
bank tellers, and police officers). 

scenario shows 543 new persons in 2000, whereas the HIGH I scenario shows 2719 
new persons. I n-migrants show s i mi l ar increases ( from 286 to 1431). Table 
3 .39 summarizes the I ron County skills requirements changes for the HI GH I 
scenario. Crafts, operatives (semiskilled workers), and professionals would 
be in most demand. Sales, managers , and clerical workers do not significantl y 
increase. Under any of the scenarios, I ron County employment would be signi f
icantly changed. This example illustrates that EHV market penetra tion can 
impact employment i n local areas. 

3.10.3 Factor Prices 

Factor prices are the prices an industry must pay for its labor and 
materials. This section discusses the effects that EHV market penetration 
will have on cert ain factor prices . 

The HIGH scenarios significantly impact national employment onl y in the 
petroleum and battery industries as shown in Sec. 3.10 . 2. Some 23,000 of the 
additional battery workers required under HIGH I are in ski l l areas not 
effectively unionized. Thus , EHV market penetration should not impact battery 
industry wages significantly . Decreased petroleum industry employment shoul d 
not result i n wage reductions, because the industry is effectively unionized. 
In summary, ERV penetration will not impact national wages signifi cant l y. 

ERV penetration could signifi cantly impact I ron County, Mi ssouri. 
As presented in Table 3 . 37, EHV- related increases in empl oyment range from 335 
to 1192. HIGH I require s 1192 additional lead workers, with 836 (70%) of them 
being craft or semiskilled workers. Wages should increase because these 
skills areas are highly unionized. The size of the wage increases would 
depend on many factors, including union leadership and corporate financial 
status . Therefore, EHVs can impact l ocal area factor prices . 



Table 3 .38. Employment and Population Changes in Iron County as a Result of 
Increases in Lead Mining from EHV Production 

Change in Total Change 
Basic Employmenta Secondary Employments in Employment In- Migrants Population Change 

Scenario 1985 1990 2000 1985 1990 2000 1985 1990 2000 1985 1990 2000 1985 1990 2000 

BASE (all CVs) 304 101 296 185 62 181 489 163 477 310 95 286 589 200 543 

LOW I 304 148 584 185 90 356 489 238 940 310 152 574 589 289 1091 

LOW II 304 132 912 185 81 557 489 213 1469 310 136 902 589 259 1714 

MEDIUM 304 117 638 185 72 390 489 189 1028 310 121 628 589 230 1194 

HIGH I 319 133 1441 195 81 880 514 214 2321 325 137 1431 618 260 2719 

HIGH II 319 125 966 195 76 590 514 201 1556 325 129 956 618 245 1816 

aBasic employment is employment that creates goods to be exported from a given locality. Secondary employment services 
basic workers and their families (e.g., teachers, bank tellers, and police officers). 

....., 

....., 
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Table 3.39. Increases in Employment by Skill Cate
gory between BASE and HIGH I Scenarios, 
Iron County, 2000a 

Skill Category 

Total 

Profess i onal (engineers) 

Managers 

Sales 

Clerical 

Crafts 

Operatives (semiskilled) 

Service 

Laborers 

aBasic emp l oyment only. 

I ncrease in 
Employment 

1145 

119 

39 

1 

64 

412 

424 

21 

65 

Table 3 . 40 shows oil price projections of the DOE Energy Information 
Administration (EIA) .43 The figures appear somewhat low when compared with 
current pr i ces . Of the alternatives, scenario Bis mos t likely. Domest i c EHV 
market penetrat i on shoul d not affect world oil pr ices before 2000, espec i al ly 
since oil pr i ces are set largely independently of market forces . 

Table 3 . 41 shows the price ranges used in the analysis of major EHV 
materials prices . The assumptions and detai l s of these projections are given 

Table 3.40 . Oil Price Projections for EIA Scenarios and Compar i son 
with Early 1979 Saudi Ar abian Crude Prices 

Projected Oil Price Early 1979 Saudi 
EI A (constant 1979$/bbl) Arabian Crude Oil 
Oil Supply Demand Price (constant 

Scenario Assumpt i on Assumpt i on 1985 1990 2000 1979$/bbl) 

A High High 34.50 42 . 81 67.65 21. 71 

B Low High 42.86 38 . 05 63.65 21 . 71 

C Mid Mi d 26.78 30.98 43.28 21 . 71 

D High Low 20.82 21.34 27.48 21.7 1 

E Low Low 18 . 53 16.32 20.99 21. 71 

asour ce: Ref. 43 . 
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Table 3 . 41 . Material Price Range Projectionsa 

Mat erial (constant 1979$/lb) 

Year Lead Zinc Nickelb Copper 

1979 o . 5oc 0 . 36C 3.80 0 . 96c 

1985 0 . 51d 0 . 39d 3 .40-4 . 7 8 1.38-1.94 

1990 o . 51d 0 . 39d 3.40-6 . 35 1. 38-2. 58 

2000 0.51d 0 _39d 3 .40- 11. 22 1.38-4.55 

asee Table G.5 for detailed projections. 

bBattery-grade, powdered nickel. 

cspot prices. 

dNo range projected . 

Cobalt 

25 .00 

25 . 00-40.97 

25 . 00-82.50 

25 . 00-140.83 

in Sec . G. 3 . It 1s t hese pr ice escalations that cause the balance- of-trade 
problems discussed in Sec . 3.10.4 and that could strongly affect the projec
tions of in i tial costs of vehicles presented i n Sec . 3.10 . 1 . 

3 . 10 . 4 Balance of Trade 

Impor t ed finished cars have averaged 23% o f all U.S . car sales ove r the 
past f ew years. EHV scenarios project that up to 28% of EHV car s and 1 ight 
trucks will be importe d, depending on the scenario and year . Since most of 
these will substitute for CVs, the impact on balance of trade should be very 
smal l . 

Materials import requ i rements could, under certain scenarios , offset 
i mpor t ed oil dollars saved by EHV commercialization. This negative impact on 
balance of trade could occur even with recycling and is basically the result 
of the nickel and cobalt import req.u i rements of Ni/Zn EHVs . Tables 3 .42-
3 .46 pr esent the results of the balance-of- trade analysis, which assumes 
batter y and motor/contro ller/charge r mater i als recycling . The results with no 
recycli ng are giv en in Sec. G.4 . The LOW scenar ios r es u l t i n positive 
impacts (i . e . , net savings when mat erials imported dollars are subtracted from 
dol l a r s of i mported oi l saved by EHV commercialization) for nearly a ll oil and 
materials scenar i o comput ations fo r all as s e ssment years, be cause lead, which 
is domestically available, is the main battery metal . LOW II savings in 2000 
coul d be as l arge as $4 . 28 billion (constant 1979$). These r esul ts a lso are 
gener ally true with no recycling. 

In 1985 the ba lance of trade in the MEDIUM and HIGH scenarios is 
generally posi t ive , while the balance is basical ly nega t ive by 1990 , even with 
r e cyc l ing . By 2000, de pending on oil and materials price assumptions , the 
balance of trade with recycling could swing e ithe r way for these scenarios. 
Where negat i ve balances occur, they are largest in HIGH II. This scenari o 
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Table 3 .42. EHV Impacts on Balance of Trade, LOW I 
(millions of constant 1979$)a 

EIA Materials Price Scenariob 
Oil 

ScenarioC Best Case Strong/Weak Case Half Case Worst Case 

1985 

A 20.21 19.65 19 . 93 19 . 65 

B 25. 68 25.12 25.40 25.12 

C 15.16 14.60 14.88 14.60 

D 11. 27 10.70 10.98 10.70 

E 9. 77 9 . 21 9.49 9.21 

1990 

A 87. 27 71. 32 79.29 71.32 

B 75 .82 59.87 67.84 59 . 87 

C 58.82 42.87 50.84 42.87 
D 35.64 19.69 27.66 19 .69 

E 23.56 7 . 62 15.58 7.62 

2000 

A 2,595.00 2,595.00 2,244.00 1 , 893.00 

B 2,426.00 2,426 . 00 2,075.00 1,724 .oo 
C 11564.00 1 ,564.00 1,213.00 862.40 

D 896.00 896 .00 544.90 194.10 
E 621 .40 621.40 270.40 - 80.46 

anollars of net oil saved (oil saved minus the oil used in gene-
rating required electri city to fuel EHVs) minus dollars of 
materials imported (assuming recycle). 

bsee Sec. G.3 for an explanation of materials pricing scenarios. 

CRef. 37. 

uses the greatest amount of imported major battery materials. With no recy
cling, the balance of trade for all f ive scenarios is generally negative in 
1990 and 2000, except for some extreme price assumptions. 

Solutions to these potentially negative impacts are the same as those 
presented for materials ( see Sec. 3 . 2), because battery materials are the 
problem. I n short, the commonly held notion that EHVs will have a posit 1ve 
impact on balance of trade seems in doubt if the market penetration rate is 
high. It is quite possible that there would be no change or that further 
deficits would occur . 
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Table 3.43. EHV Impacts on Balance of Trade, LOW II 
(millions of constant 1979$)a 

EIA Materials Price Scenariob 
Oil 

Scenarioc Best Case 

1985 

A 
B 
C 
D 
E 

1990 

A 
B 
C 
D 
E 

2000 

A 
B 
C 
D 

E 

26 .45 
33.64 
19.81 
14 .69 
12. 72 

126.20 
110 .00 

85.87 
53.03 
35 .92 

4,278.00 
4,005.00 
2,619.00 
1,543.00 
1,101.00 

Strong/Weak Case Half Case 

25.73 26.09 
32.92 33.28 
19 .10 19.45 
13 .97 14.33 
12 .00 12.36 

108. 70 117. 40 
92 .49 J.01. 20 
68.40 77 .13 
35.56 44.28 
18.46 27.18 

4,278.00 3,905.00 
4,005.00 3,633.00 
2,619.00 2,246.00 
1,543.00 1,171.00 
1,101.00 728. 80 

Worst Case 

25.73 
32.92 
19.10 
13 . 97 
12 .00 

108.70 
92 .49 
68.40 
35.56 
18.46 

3,533.00 
3,260.00 
1,874.00 

798.30 
356.50 

anollars of net oil saved (oil saved minus the oil used in gene
rating required electricity to fuel EHVs) minus dollars of 
materials imported (assuming recycle). 

bsee Sec. G.3 for an explanation of materials pricing scenarios. 

CRef. 37. 

3.10;5 Private and Public Sector Capital 

Empirical estimates are made of the impact of EHV commercialization on 
federal motor fuel revenue loss, local government expenditures (Iron County, 
Missouri), and capital requirements of selected industries. The method for 
this analysis is presented in Sec. G.5. 

3.10.5.1 Federal Motor Fuel Tax Loss 

A maximum loss of $704 million per year (about 5%) in federal motor 
fuel tax revenues will occur in 2000 under the HIGH I scenario. Table 3.47 
presents the summary for each scenario and year. Most analysts agree it is 
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Table 3.44. ERV Impacts on Balance of Trade, MEDIUM 
(millions of constant 1979$) 8 

EIA Materials Price Scenariob 
Oi 1 

ScenarioC Best Case Strong/Weak Case Half Case Worst Case 

1985 

A 17.25 8.43 12.84 8.43 
B 26.07 17.24 21.66 17.24 
C 9 .11 0.28 4. 70 0.28 
D 2 .83 -6.00 -1. 59 -6.00 
E 0.41 -8.42 -4.01 - 8 .42 

1990 

A 107.90 -73.69 17.01 -73.69 
B 81.46 -100.10 -9.43 -100.10 
C 42.18 -139.40 -48. 71 -139.40 
D -11.37 -193.00 -102.30 - 193.00 
E 39.26 -220.90 -130.20 -220.90 

2000 

A 4,796.00 4,796.00 1,340.00 -2, 115. 00 
B 4,381.00 4,381.00 925.20 -2,530.00 
C 2,270.00 2,270.00 -1 ,186.00 - 4,641.00 
D 632.00 632.00 -2,824.00 -6,279.00 
E 40.62 -40 . 62 -3 ,496 .00 - 6, 951.00 

8 Dollars of net oi 1 saved (oil saved minus the oi 1 used in gene-
rating required electricity to foe 1 EHVs) minus dollars of 
materials imported (assuming recycle). 

bsee Sec. G. 3 for an explanation of mater i als pricing scenarios . 

cRe f. 37. 

unlikely that EVs wi 11 escape an equivalent federa l tax.39 Alternative EHV 
taxing proposals to make up this loss include : (1) Btu-based tax for RVs on 
all liquid motor vehicle fuels, (2) increased annual registration fees for 
EHVs, (3) periodic odometer readings, (4) electric flow recharge metering, (5) 
tax on traction batteries, and (6) road surface checkpoint metering. 

3.10 . 5.2 Local Government Impacts 

The Iron County, Missouri , case study shows significant impacts on 
local government expenditures as a result of EHV market penetration (see 
Table 3 .48). The largest impacts would be in solid waste disposal and fire 
protection. These impacts result l arge l y from i ncreased home construction 
for nes lead mining and processing workers and their families. Welfare 
expenditures decrease in a l l but the HIGH I scenario, reflecting increased 
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Table 3.45. EHV Impacts on Balance of Trade, HIGH I 
(millions of constant 1979$)a 

EIA Materia l s Price Scenariob 
Oil 

ScenarioC Best Case Strong/Weak Case Half Case Worst Case 

1985 

A 50.31 40.25 45.28 40.25 
B 68.35 58.29 63.32 58.29 
C 33.64 23.59 28.61 23.59 
D 20.78 10. 72 15.75 10. 72 
E 15.84 5.78 10.81 5.78 

1990 

A 61. 75 -477. 30 -208.00 -4 77. 30 
B 11. 79 -527.20 -258.00 -527.20 
C -62.41 -601.40 -332.20 -601.40 
D -163 . 60 -702.60 -433.40 -702.60 
E -216.30 -755.30 -486 . 10 -755 . 30 

2000 

A 18,060.00 18,060.00 8,508.00 -1,039.00 
B 16,630.00 16,630.00 7,079.00 - 2,468.00 
C 9,351.00 9,351.00 -197.80 -9,745.00 
D 3,707.00 3,707 .00 -5,842.00 -15,390.00 
E 1,389.00 1,389.00 -8,160.00 -17,710.00 

anollars of net oil saved (oil saved minus the oi 1 used in gene-
rating required electricity to fue 1 EHVs) minus dollars of 
materials imported (assuming recycle). 

bsee Sec. G.3 for an explanation of materials pricing scenarios. 

cRe f. 3 7. 

employment among native Iron County residents due to ERV ma r ket penetration. 
Increases in library expenditures result from the high percentage of skilled 
and semiskilled workers among the in-migrants. The largest absolute increase 
over the BASE scenario occurs in the educational expend itures c ategory, 
ref l ecting increased family in-migration. 

3.10.5.3 Industrial Capital I nves t ment Impacts 

Table 3.49 shows the capital investment requirements in 2000 for 
8 of the 90 industries analyzed . The requirements of electric utilities 
are not significantly changed under any scenario. On the other hand, battery 
industry capital formation would incre ase 25% in 2000 under HI GH I . Since no 
additional capital investment is needed in the battery industry in 1990, this 
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Table 3.46 . ERV Impacts on Balance of Trade, HIGH II 
(millions of constant 1979$)a 

EIA Materials Price Scenariob 
Oil 

Scenarioc Best Case 

1985 

A 
B 
C 
D 
E 

1990 

A 
B 
C 
D 
E 

2000 

A 
B 
C 
D 

E 

49.71 
67.75 
33.04 
20 .18 
15.24 

17.20 
-31.62 

-104.10 
-203 .00 
-254.50 

15,220.00 
13,860.00 
6,928.00 
1,550.00 
-659 .60 

Strong/Weak Case 

39.40 
5 7 .45 
22.74 

9.88 
4. 93 

-568.20 
-617 .00 
-689 .50 
-788 . 40 
-839.90 

15,220.00 
13 ,860.00 
6,928.00 
1,550.00 
-659.60 

Half Case 

44.55 
62.60 
27.89 
15.03 
10.08 

- 275.80 
-324.60 
-397.10 
-496 .00 
-547.50 

3,018.00 
1 ,657.00 

-5,278.00 
-10,660 .00 
-12,870.00 

Worst Case 

39.40 
57.45 
22. 74 
9.88 
4.93 

- 568.20 
-617.00 
-689.50 
-788.40 
-839.90 

-9 ,185.00 
-10, 550.00 
-17 ,480.00 
-22,860 .00 
-25,070.00 

aoollars of net oil saved (oil saved minus the oil used in gene
rating required electricity to fuel EHVs) minus dollars of 
materials imported (assuming recycle). 

bsee Sec. G.3 for an explanation of materials pricing scenarios. 

CRef. 37. 

could create significant gearing-up problems. Petroleum refining capital 
investment is not significantly reduced under any scenario. 

Motor vehicle sector capital investment is not changed significantly 
under any scenario, but problems may develop under the MEDIUM and HIGH 
scenarios. Although total capital investment does not change, construc
tion or conversion of production lines from CVs to EHVs could cause signifi
cant transi tion problems. The initial decision for conversion must occur a 
minimum of three years before full-scale production. Decisions to proceed 
with the seven 400,000-per-year-capacity auto assembly l ines required before 
2000 for HIGH I would have to be made in 1995 or before. These decisions 
would have to be made based on the production experience of only one produc
tion line. Additional decis ions would then have to be made to commit capital 
in 1996 and 1997 for seven more auto lines to be opened in 2000.40 Numerous 
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Table 3.47. Federal Gasoline and Diesel Fuel Taxes Lost 
Due to EHV Market Penetration in 2000 

Scenario 
and 
Year 

1985 

LOW I 
LOW II 
MEDIUM 
HIGH I 
HIGH II 

1990 

LOW I 
LOW II 
MEDIUM 
HIGH I 
HIGH II 

2000 

LOW I 
LOW II 
MEDIUM 
HIGH I 
HIGH II 

Barrels of 
Oil Saved 
(millions)b 

0.65 
0.86 
1.05 
2.16 
2.16 

2 .41 
3.41 
5.56 

10.50 
10.29 

42.30 
68.08 

103.66 
357.28 
340 .4 7 

Revenue Losses 
Due to EHVs 

(millions of 
constant 1979$) 

1. 29 
1.69 
2.08 
4.25 
4.25 

4.74 
6. 71 

10.95 
20.68 
20.26 

83.34 
134 .12 
204.21 
703.84 
670.73 

Revenue Loss 
over BASE 
Scenarioa 

(%) 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

1 
1 
1 
5 
5 

aActual and estimated federal motor fuel taxes (millions 
of constant 1979$): 

1975 $ 4,927.28 
1976 5,287.07 
1977 5,430 .24 
1985 7,268.06 
1990 9, 188.91 
2000 14,825.83 

bnoes not account for oil used in electricity generation 
which 1s not subject to these taxes. 

additional investment decisions would have to be made in e nsu i ng years, very 
likely in a climate of intense business difficulty because of the disruptive 
liquid fuel shortages of the HIGH scenarios. 

Total capital investment in the nonferrous processing sector does not 
change signi ficantly due to EHV commercialization. This sector is aggregated 
in the input/output model used for analysis so that the tremendous increases 
in battery materials processing are lost in the gross capital figures. 
However, significant gearing-up problems could arise in certain battery 
materials industries. For example, 50% of U.S. zinc smelting capacity has 



Table 3.48. Projected Expenditures of Public Funds for Servi ces and 
Facilities in Iron County, Missouri, 2000 

Services and 
Scenario (constant 1979$) Percentage Change from BASE to: 

Facilities BASE LOW I LOW !I MEDIUM HIGH I HIGH II LOW I LOW II MEDI UM HIGH I HIGH II 

Social welfare 3,600 2,600 3,100 2,600 4,100 3,200 -28 -12 - 27 15 -9 

Hospital 124,200 236,400 289,000 240,300 380,900 299,400 90 133 93 207 141 

Police 40,600 69,100 84,500 70,300 111,400 87,600 70 108 73 174 116 

Fire 4,000 21 ,500 26,200 21,800 34,600 27,200 435 555 444 763 578 

Sewage 79,300 127,700 156 ,100 129,800 131,100 161 ,700 61 97 64 65 104 

Solid waste 1,800 18,200 22,200 18,500 29,300 23,000 928 1,156 945 1,556 1,202 

Recreation 56,200 99,300 121,400 100,900 160,000 125,800 77 116 80 185 124 

Libraries 12,400 25,300 30,900 25,700 40,700 32,000 103 148 106 227 157 

General government 29,000 45,500 55,600 46,200 73,300 57,600 57 92 59 153 98 

Water treatment 72 ,000 84,500 96,200 85,400 116,500 98,500 17 34 19 62 37 

Educ at ion 945,700 1 ,234,400 1,501,700 1,254,800 1,967,800 1,555,700 31 59 33 108 64 (X) 
0\ 

Total 1,368,900 1,964,300 2,387,100 1,996,300 3,049 ,800 2,471,700 43 74 46 123 81 
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Table 3.49. Capital Investment Requirements in Selected Industries 

Capital Expenditures Percentage Change 
(millions of constant 1979$) from BASE to: 

Industry Scenario 1977 1985 1990 2000 1990 2000 

Tires and tubes BASE 409 1,284 1,679 1,615 
LOW I 409 1,284 1 ,677 1,615 0 0 
LOW II 409 1,284 1,677 1,616 0 0 
MEDIUM 409 1,284 1 ,679 1,616 0 0 
HIGH I 409 1,284 1,679 1,616 0 0 
HIGH II 409 1,284 1,677 1,616 0 0 

Nonferrous processing BASE 2,397 6,652 8,586 6,419 
LOW I 2,397 6,650 8,579 6,460 0 1 
LOW II 2, 397 6,652 8,578 6,602 0 3 
MEDIUM 2,397 6,652 8,590 6,470 0 1 
HIGH I 2,397 6,654 8,588 6,645 0 4 
HIGH II 2,397 6,654 8,583 6,739 0 5 

Electric utilities Bi\SE 16,659 32,208 44, 51l6 66,053 
LOW I 16,659 32,207 42,993 66,931 -4 1 
LOW II 16,659 32,217 43,003 67,450 -4 2 
MEDIUM 16,659 32,228 44,191 67,354 -1 2 
HIGH I 16,659 32,242 44, 269 71,198 -1 8 
HIGH II 16,659 32,223 43,094 70,349 -3 7 

Motor vehicles BASE 3,940 5,340 6,367 5,544 
LOW I 3,940 5,340 6,364 5, 546 0 0 
LOW II 3,940 5,340 6,364 5,546 0 0 
MEDIUM 3,940 5,340 6,366 5,546 0 0 
HIGH I 3,940 5,340 6,364 5,548 0 0 
HIGH II 3,940 5,340 6,364 5,548 0 0 

Batteries BASE 352 1, 049 1,367 937 
LOW I 352 1,049 1,376 944 1 l 
LOW II 352 1,049 1,367 964 0 3 
MEDIUM 352 1,051 1 ,369 1,005 0 7 
HIGH I 352 1,051 1,374 1,172 l 25 
HIGH II 352 1,051 1,373 1,038 0 11 

Vehicle engines BASE 638 1,883 2,135 1,545 
and electrical LOW I 638 1,883 2,132 1, 547 0 0 
equipment LOW II 638 1,885 2,132 1,550 0 0 

MEDIUM 638 1,885 2,134 1,547 0 0 
HIGH I 638 1,883 2 , 132 1,556 0 1 
HIGH II 638 1,883 2,132 1,556 0 1 

Petroleum refining BASE 1,776 2,870 3,158 2,683 
LOW I 1,776 2,870 3,153 2,678 0 0 
LOW II 1,776 2,870 3,154 2,667 0 -1 
MEDIUM 1,776 2,870 3,156 2,658 0 -1 
HIGH I 1,776 2,870 3,153 2,573 0 -4 
HIGH II l, 7 76 2,870 3 , 151 2,598 0 -3 

Crude oil production BASE 2,205 3,265 4,038 4,700 
LOW I 2,205 3,265 4,038 4,701 0 0 
LOW II 2,205 3,265 4,038 4,689 0 0 
MEDIUM 2,205 3,265 4,038 4,669 0 -1 
HIGH I 2,205 3,265 4,038 4,579 0 -3 
HIGH II 2,205 3,265 4,038 4,595 0 -2 
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been closed down in the last eight years because of obsolescence and environ
mental constraints. Therefore, zinc smelting capacity may need to be expanded 
significantly in some of the scenarios. Lead smelting capacity also will have 
to be increased, but a number of factors may impede this expansion, including 
a lack of skilled labor , environmental restrictions, and shortages of invest
ment funds at moderate cost in a capital-intensive industry. 

Cobalt capital investment impacts also are lost because of aggregation 
in the model. If marine or domestic mining occurs, mining and refining 
capital investment could be substantial. Ocean-mining environmental con
straints in California and Hawaii ( the two most likely land-based refining 
locations) could preclude cobalt capital investment . 

Nickel investment is similarly lost through aggregation, but severe 
capital investment impacts could occur under the MEDIUM and HIGH scenarios. 
Battery-grade nickel is presently made by the carbonyl process by I nterna
tional Nickel Company ( INCO) in Clydach, Wales, and Sudbury, Ontario, Canada 
(Copper Cliff). Table 3 .SO shows estimates of additional industry capital 
requirements and lead times with various levels of additional ERV nickel 
demand. Table 3.51 shows that new battery decomposers would be required for 
all scenarios after 1985. (A battery decomposer takes approximately two years 
to construct and is a unit in which nickel carbonyl gas is decomposed to ob
tain battery-grade powder.) New carbonyl refineries would be required for all 
scenarios in 2000 . Ni/Zn EHVs in the MEDIUM and HIGH scenar i os would mean a 
new carbonyl refinery in 1990. These plants take from three to four years to 
construct. The HIGH scenarios require new mines in 1990 and the MEDIUM 
scenario a new mine in 2000. New mines take 10 yr to construct. There is now 
no nickel recycling process to produce battery-grade nickel, but research is 
being conducted . 

Li thium capital investment impacts also are lost through aggregation. 
The HIGH I scenario shows a 1285% increase in demand for lithium in 2000 over 
the demand that would occur with continuation of present growth rates. For 

Table 3.50. Nickel Industry Capital Process Requirements 
at Various Levels of Increased ERV Demanda 

Additional 
Nickel Demand New New 
(Thousands of Battery Carbonyl 
short tons) Decomposers Ref ineries New Mines 

1 No No No 

5 Yes No No 

25 Yes Yes No 

50 Yes Yes Yes 

aApproximate lead times required to complete a capital 
investment project are: (1) 2 yr for a battery decom
poser, (2) 3-4 yr for a carbonyl refinery, and (3) 10 
yr for a new mine. 
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Table 3. 51. EHV Nickel Demand without Recycling and Capital Requirements 

Required 
Nickel New Battery New Carbonyl 

Scenario Year (short tons) Decomposers Refineries New Mines 

LOW I 1985 58 No No No 
1990 1,530 Yes No No 
2000 48,056 Yes Yes No 

LOW II 1985 58 No No No 
1990 1,530 Yes No No 
2000 48,056 Yes Yes No 

MEDIUM 1985 2,616 Yes No No 
1990 23,545 Yes Yes No 
2000 508,856 Yes Yes Yes 

HIGH I 1985 2,809 Yes No No 
1990 64,471 Yes Yes Yes 
2000 1,331,073 Yes Yes Yes 

HIGH II 1985 2,809 Yes No No 
1990 69,423 Yes Yes Yes 
2000 1,718,675 Yes Yes Yes 

a small industry, such major increases in capital investment would be impos
sible to achieve. 

The above results reflect capital investment r equirements without 
recycling of battery materials. The impacts on capital investment require
ments with 95% battery material recycling are difficult to assess but are 
probably similar to those discussed above, although less investment in mining 
would be required . 

3.11 RELATIONSHIP BETWEEN NATIONAL AND LOCAL SHORT- AND LONG-TERM IMPACTS 

This EA addresses the long-term (1985-2000) impacts of alternative ERV 
market penetration scenarios on a broad range of environment al subsystems. 
Impacts occurring under the HIGH scenarios in 2000 represent worst-case 
impacts. Potential impacts beyond 2000, when there may be significantly more 
EHVs than the 24 million postulated for the HIGH scenarios, are not addressed. 
Short-term consequences of the DOE EHV demonstration program currently under
way and those resulting from the inclusion of EV s in CA FE calculations 
are addressed in two earlier EAs.l ,2 

On a national scale, EHV market success could r esult in substantial 
supply and demand imbalances for nicke l , cobalt, zinc , and lithium . I n 
addition, it could lead to significant gearing-up and transition problems 
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for the nickel, cobalt, zinc, lithium, lead, battery, and motor vehicle 
industries. Major EHV materials prices could increase substantially. Expen
ditures for imported EHV materials could be considerably greater than the 
dollars saved from reduced oil imports. EHV market penetration also could 
lead to small increases in SOx generation, thereby adding to the national 
trend of increasing SOx emissions. This will increase public health expo
sure to SOx. Substantial increases in cost of travel for persons owning and 
operating EHVs could occur that are over and above the increases that could 
occur for CV owners and operators. Significant decreases in the amount of 
federal motor vehicle fuel tax collected could occur unless compensating taxes 
are levied. Total national employment should not be affected by use of EHVs, 
but important changes in several economic sectors could occur. For example, 
employment in U.S. crude oil production could decline substantially. While 
a very small increase in work-related injuries and illnesses over the BASE 
scenario might occur, some individual economic sectors (principally the 
battery industry) could incur major increases. 

On a local scale (including individual sites, urban areas, and specific 
geographical regions), EHV market penetration could have substantial impact. 
Increases in SOx greater than those at the national level could occur in 
specific urban areas. Major increases in water pollutant levels could occur, 
especially in areas where EHV materials and fuels are extracted and processed 
and where EHVs are manufactured. In some areas, high incremental solid waste 
volumes and sub st ant ial land use needs for sol id waste disposal and other 
ERV-related mining and manufacturing requirements are projected. The poten
tial for adverse impacts on local ecosystems is increased. The potential also 
exists for adverse impacts on public health resulting from human exposure to 
various air pollutants, water pollutants, and solid waste in specific areas. 
Increased demand for electricity resulting from use of EHVs may result in 
utilities in a few select geographical areas having to expand their generating 
capacity. Also, significant local employment changes are possible, which 
could cause substantial impacts on area wages and local government expendi
tures, and changes in the local social setting. Some examp l es of these 
changes are growth in population, in-migration, and social problems associated 
with "boom towns." 

On the positive side, EHVs result in substantial petroleum savings. 
In addition, their market penetration could lead to reductions in NOx, CO, 
HC, and particulates, both nationally and locally, which will reduce public 
health exposure to these pollutants . Beneficial though minor impacts on urban 
traffic noise may also occur. 

There are some environmental subsystems in which EHVs have virtually no 
impact either on a national or local level. For example, while further 
evaluation of many public safety concerns is still needed, all public safety 
concerns are expected to be mitigated by standards promulgated by appropriate 
regulatory agencies as EHV development proceeds. Further, EHVs are expected 
to have little or no impact on many elements of the transportation infrastruc
ture (e.g., roadway infrastruct ure, highway use, safety regulations, and 
existing financial and insurance institutions). There are also some subsys
tems in which the impacts are quite mixed. In particular, EHV impacts on 
mobility, urban structure , and lifestyle (which are very dif f icult to eval
uate) may be both beneficial and adverse. 
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3.12 IRREVERSIBLE AND IRRETRIEVABLE COMMITMENT OF RESOURCES 

Resources (metals, fuels, and land) will be committed to the production 
and operation of EHVs, partly to offset the irretrievable commitment to CVs of 
crude oil, a scarce domestic resource. Commitment of most metals to EHV 
manufacture should not be viewed as irretrievable, because metals recy
cling 1s 1 ikely to be technologically feasible if not always economically 
attractive. However, recycling technologies need further study. The only 
truly irrevocable resource commitments associated with market penetration of 
EHVs through 2000 involve fuels (coal, oil, natural gas, and uranium) and 
land. EHVs use considerably less petroleum than CVs. While use of coal is an 
inescapable and irreversible commitment, it is consistent with current na
tional policy to substitute coal for petroleum. Use of uranium in light water 
reactors, which generate up to 40% of the electricity required by EHVs in 
2000, also represents an irretrievable commitment. Natural gas consumption by 
EHVs is small. Additional land is required for ERV-related waste disposal, 
mining, and manufacturing. Although some of this land may be reclaimed 
eventually, development may be restricted by its prior use. 
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APPENDIX A* 

MARKET PENETRATION SCENARIOS 

This appendix presents the EHV ma rket details for each of the five 
scenarios described in Sec. 2. Figure A.l illustrates the process used to 
develop these detai l s . 

A.l SCENARIO VARIABLES 

Tables A . 1-A . 3 summa ri ze the variables that drive each scenario . 

A.2 VEHICLE PENETRATION RATES 

A.2.1 Market Penetration Curves 

Figure A.2 shows the EHV growth curves fo r the five scenarios through 
market saturation, which is expected to occur about 2020. The curves are 
calculated using the Mansfield-Blackman model, which is often used to forecast 
technologica l substitution 1n the t r ansportation sector.A.I The model 1s : 

where; 

ln 

Mt marke t share at any year t other than t 0 , 

t 0 = year of SO% penetration of the fina l market, 

L final market share at market saturation, and 

b constant governing the rate of substitution . 

Model calibration data are given 10 Table A.4 . 

A.2.2 Plausibility of the HIGH Scenarios 

(A. 1) 

A scenario, by def inition , must be internally consistent and plausi
ble. The HIGH scenarios have sufficient EHVs on the road in 2000 to 
cause impacts of reasonable magnitude. They are consistent, because they 
are base d on strong governmental incentives for EHVs and disincentives 
for CVs and on subs t antial liquid fuel shortfalls. Plausibi lity, however, has 
to be considered from several perspectives. Of primary interest is whether 
the scenar ios are physically possible. For example, one factor to be con
sidered is whether there can be enough raw materials available at reasonab l e 

*The appendices s upplement Secs. 2 and 3 . Therefore, the appropriate parts of 
those sections should be read along with each appendix . 
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Fig . A . l. Flow of the Process Used to Deve lop 
the EHV Market Scenarios 

prices to make the batteries required and whether there can be sufficient 
product ion fac il it ies for t he ma t erials . As demonst rated in Sec . 3. 2 and 
App. C, the availability of raw materials places rea l constrain ts on accom
plishing not only the HIGH scenarios but even the MEDIUM scenario . 

Vehicle production requirements also are a factor. The maximum 
market for EHVs in 2020 probably wil l be ove r 200 mi llion veh i c l es. The HIGH 
scenarios state that ha l f of these wil l be EHVs, many of which will be very 
high performance EHVs. They also state that the EHV fleet will increase by 



Event 

DOE EHV 
program 

Federal air 
qual ity 
program 

Federal 
al ternative 
fue ls and 
alternative 
engine 
programs 

Private 
sector 
EHV 
activity 

Utility 
time-of-day 
pricing 

Tabl e A.l . 

1985 

Demons tration in last phase; 
R&D prog ram funding low; no 
successful new battery system 
developed . 

No impac t on EHV commercial i
zati on . 

R&D results in demonstration 
of broad-cut petroleum and 
alcohol fuel s; pet roleum 
still r elatively cheap and 
abundant; expend itures high 
in bo th programs. 

Several small domest ic fi rms 
and a few foreign manufac
turers making a wide variety 
of vehicles. 

Scattered, although legisla
tion to encourage such a 
scheme passed in 1979. 

LOW I and LOW II Scenar i o Variables 

1990 
- - - - -- - - - - - -

None; Pb/acid remains the main 
battery; EV range remains 
approxima tely 50-60 mi. 

Mildly encouraging for EHV 
commercialization. 

Alcohols and broad-cut pet
roleum fuels make significant 
penetration in several trans
portation markets, whi le gaso
line and diesel fue l continue 
to serve remainder; Stirl ing 
and/or Brayton engines 30% of 
new vehicle market; expendi
tures high. 

Large domestic firms enter 
market; mass production about 
t o begin. 

Scattered. 

2000 

None ; Ni/Zn batteries begin
ning to capture new EV sales, 
but Pb/acid remains the HV 
battery because of cost con
siderations. 

CVs (including very clean and 
advanced St i rling and gas tur
b ine [Brayton] engines) become 
environmentally acceptable; no 
EHV emphasis. 

Sufficient liquid fuels to 
meet all transport needs; 
expenditures remain high; the 
few Otto cycle engines that 
remain in transportation use 
are small, clean, and quite 
efficient. 

Foreign and many small domes
tic f irms for special EHV 
applications; a few domestic 
mass production lines in 
operation . 

Scat tered. 

----- --- ---- ---- - --·- -- -- ·· - - --- - ---

\D 
\D 



Table A.2. MEDIUM Scenario Variables 

---------------·----- ---·-- ------ --- ·- ----------
Event 1985 1990 2000 

-·-- ---- .--··---- ----- -- ----· ------·-- -----·-- - - --- -- --- --·-·- - ---·----
DOE EHV 
program 

Federal air 
quality 
program 

Federal 
alternative 
fuels and 
alternative 
engine 
programs 

Private 
sector 
EHV 
activity 

Utility 
time-of-day 
pricing 

Demonstration extended for 
one more buy; R&D results 
in demonstration and initial 
sales of both Ni batteries; 
large incentives to small 
firms; incentives to buyers 
begin. 

Mild l y encouraging for EV 
commercialization. 

Environmental problems s low 
both programs but expendi
tures remain high; petro
leum still relatively cheap 
and abundant . 

Several small firms and a 
few manufacturers making 
a wide variety of vehicles; 
General Motors about to make 
serial vehicles. 

Scattered but growing. 

Ni/Zn and Pb/acid batteries 
share market; Li/S battery 
begins market penetration; 
incentive programs increase. 

Three eastern and Los Ange l es 
CBDs have CV-free zones; all 
government fleets begin to 
use EHVs. 

Demonstrations of fuels and 
engines successful; penetra
tion starts; petroleum 
prices rise; EVs remain 
in CAFE calculations. 

Mass production begins; 
large domestic firms domi
nate; small firms carve out 
special vehicle marke ts. 

At most northeast and mid
west utilities. 

------------·-------· ----·--------

Li/S battery gains substantial 
share of vehicle market, DOE 
program ends in 1997. 

Several CV-free zones; all 
government fleets have many 
EVs; control technology limits 
CV performance somewhat. 

Otto cycle on petroleum-based 
fuels has 50% of CV market; 
liquid fuel costs relatively 
high; expenditures in both 
programs remain high. 

Large domestic firms dominate 
EV market; small firms domi
nate in special markets. 

In most urban areas; en
courages EV automobile 
market. 

I-' 
0 
0 



Event 

DOE EHV 
program 

Federal air 
quality 
program 

Fede ral 
alte rnative 
fuels and 
al t ernative 
engine 
prog rams 

Private 
sec tor 
EHV 
a c tivity 

Utility 
time- of-day 
pricing 

Table A.3. HIGH I and HIGH II Scenario Variables 

1985 

Demonstration extende d for one 
more buy; R&D results in in i tial 
applications of Ni/Zn and demon
stration of Li/S batteries; in
centives t o small firms are large 
and also available to user s 
direc tly for operating costs. 

St a tes write EHVs into state 
imp lementation plans (SIPs); 
qu i t e e ncouraging. 

Env i r onme ntal problems slow both 
programs; expenditures remain high; 
many predict a petrole um crisis 
as pr i c e s continue a strong rise; 
gas tax increase d significant ly 
to discourage use . 

R&D strong and all major 
manufacturers producing 
serial veh i cles; many small 
f irms and foreign manufa c 
t urers make a wide variety 
of vehicles. 

At most northeast and 
midwe st utilitie s . 

1990 

Ni/Zn vehicles dominate new 
vehicle market; R&D results 1n 
competitive vehicle in many 
markets; Li/S vehicles begin 
their EV penetration; R&D 
expenditures remain high. 

Most majbr CBDs and several 
other air quality hot spots 
are CV- free zones wi t h EHVs 
allowed; EHVs also given 
pre ferential parking author
ity; most ne w government 
vehicles are EHVs. 

Only alcohols are being de
mons trated; new heat engine 
R&D advances be low 1980 ex
pectations; alternative 
fuel expenditures remain 
high but heat engine R&D 
tapering off; EHVs r emain 
in CAFE calculations. 

Large dome stic manufac t ure rs 
two years into mass production 
and dominate new EHV sales; 
for e ign manufacture rs gain 
large share also; small firms 
focus solely on specialized 
vehicl e s . 

In all urban areas, EHVs 
the reby encouraged; EHV 
owners also get discounts 
subsidized by government . 

2000 

Due to downgrading of CVs, 
EHV competitive in most markets; 
for EVs Li/Sand Ni/Zn batteries 
share market, Ni/Zn dominates 
for HVs, but Pb/acid still holds 
a few applications; DOE program 
ends in 1998. 

Government fleets ess entially 
all EHVs, air qual i ty quite 
high . 

Both programs face many tech
nical and env i ronmental bar
riers, progress is slow; Otto 
engine dominates CV market 
burning very scarce petro
leum- based fuels and alcohols; 
expenditures moderate . 

Mass-produce d vehicles to
tally dominate EHV market; 
for the last decade, every 
production line nearing 
economic maturity converted 
to EHV production. 

Nationwide. 

~ 
.0 
~ 
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A.2. EHV Market Penetration , 1990-2025 

Table A.4. Model Calibration Data 

Vehicle 
Type 106 L 106 Mt b to t 

Electric 30 3.0 0 .275 2008.0 2000 

Electric 30 3 . 0 0 .275 2008.0 2000 
Hybrid 20 2.0 0 . 314 2007.0 2000 

Electric 60 8.0 0.312 2006.0 2000 

Elect ric 100 24 .o 0. 349 2003.3 2000 

Hybr id 50 6.545 0 .421 2004.5 2000 
Electric a a a a a 

aThe numbe r of e l e c trics in HIGH II is t he number of e l ec
tr i cs in HIGH I minus the number of hybrids in HIGH II. 



103 

nearly 20 million between 1995 and 2000 and that eight million will be pro
duced in 2000, when total production of conventional v ehicles for which EHVs 
could be substituted will be about 16.7 million vehicles. In approximate l y 
2003, almost every small truck and school and transit bus produced wi l l be an 
ERV. Figures A.3 and A.4 show two recent technological substitutions in the 
transportation sector.A.2 In both these examples, market saturat i on occurs 
more rapidly and is more complete than that predicted for the HIGH scenarios. 
In 2000 under the HI GH scenarios, EHVs account for approx i mately 50% of the 
vehicles sold in the market comprising conventional vehicles for which EHVs 
could be substituted. Very strong economic incentives are assumed necessary 
for substitution to occur at the rates shown in F i gs. A . 3 and A.4. An 
analysis of the U.S. production lines required to produce the domestic portion 
of these vehicles does indicate that sufficient numbers of CV lines would be 
available, assuming the 10-20 yr economic life of present production facili
ties. 

Technologi cal advances are yet 
both the Ni/Zn and Li/S battery systems 
Solely from a technological viewpoint, 
scenarios i s less than 20%. 

A.2.3 Types of EHVs under Each Scenario 

another factor. 
are postulated in 

the probability 

Major advances in 
the HIGH scenarios. 
of achieving these 

Table A.5 presents the forecast of both on-the-road totals and sales of 
conventional vehicle for which EHVs could be substituted. The totals exclude 
medium and heavy trucks and intercity buses. (Table 2.2 presents ERV totals 
and sales by scenario.) For EVs, the markets penetrated are based on the 
range requirements of each market and the availability and suitability of the 
characterized EVs. HV market penetration i s not constrained by range re
quirements. The details for each market and vehicle type are given in sub
sequent tables i_n this appendix. Table A.6 presents the d i stribution o f 
battery types by vehicle type and scenario. 

where: 

Sales 1n a given year are calculated by: 

St= sales 1n year t, 

Vt total vehicles at the beginning of t , 

Gt= increase in EVs or RVs at t due to their substituting for CVs 
(Mt+l - Mt from Eq . A. l ), and 

c = constant related to the rate of growth. 

( A.2) 

Implicit in Eq. A.2 is an average 10-yr life cycle for fut ure EHVs. Although 
term St-10 appears to account for this, a correction must be made because 
the d i stribution of EHVs with age in any year is skewed toward newer veh i cles. 
Since a disproportionate number o f newer vehicles are being replaced due to 
accidents, an adjustment is accomplished by the term c(Vt - Vt-10). The 
constant c is found by applying the actual survival rates to several age d is
tributions: it is 0.030 for calculating 1990 ERV sales and 0.043 for 2000 EHV 
sales. 
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Table A.5. CVs for Which EHVs Could Be Substituted 
by Type , 1975-2000 (103) 

2000 

Vehicle Type 

Truck totals 

Personalb 
Nonpersonalb 

Total 

Truck sales 

Bus totals 

Smal l C 
Larged 

Total 

Bus sales 

Auto totals 

Small e 
Largef 

Total 

Auto sales 

Total vehicles 

Total sales 

1975 

10,300 
9,000 

19,300 

2 , 100 

33 
384 

417 

38 

30,500 
64,700 

95,200 

8,640 

114,900g 

10, 778 

1985 

20,800 
12,700 

33,500 

3,700 

69 
400 

469 

43 

45,400 
68,100 

113,500 

11,600 

147,500 

15,300 

1990 

22,600 
14,600 

37 , 200 

4 , 300 

80 
440 

520 

47 

47,900 
71,800 

119,700 

12,200 

157,400 

16 , 500 

LOW I and 
II, MEDIUM 

26 , 900 
16 , 300 

43,200 

4,500 

86 
490 

576 

54 

53,400 
80,200 

133,600 

13,300 

177,400 

17,900 

HIGH I and rra 

26 , 500 
16,300 

42,800 

4,460 

95 
505 

600 

60 

54,500 
77,000 

131,500 

12,200 

174,900 

16,700 

aBy 2000, the HIGH scenarios show a shift to public transpor tation (both 
urban and intercity), which accounts for the differences in vehic l es and 
sales from the LOW and MEDIUM scenarios. 

bAll weights to 10 , 000 lb. 

Cschool and transit . 

dschool and transit but excluding intercity. 

€four- passenger or less . 

fFive-passenger or more. 

gColumns do not always sum because of rounding. 

Source: Ref . A.3. 
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Table A.6. Distribution of Battery Types by Vehicle and Scenar i o ( %)a 

Vehicle Pb/Acid Ni/ Fe Ni/Zn Li/S 
Scenar io Type 1985 1990 2000 1985 1990 2000 1985 1990 2000 1985 1990 2000 

LOW I 

MEDIUM 

HIGH I 

Truck 

Small 
Medium 
Large 

Bus 

Sma 11 
Large 

Auto 

Small 
Large 

Truck 

Small 
Medium 
Large 

Bus 
Small 
Large 

Auto 
Sma 11 
Large 

Truck 
Small 
Medi.um 
Large 

Bus 
Small 
Large 

Auto 
Small 
Large 

95 
95 

C 

C 

C 

98 
98 

80 
80 

C 

C 

C 

75 
75 

75 
75 
77 

40 
C 

70 
70 

89 
89 
90 

97 
C 

90 
90 

30 
30 
40 

50 
40 

30 
30 

29 
29 
39 

20 
20 

15 
15 

82 
82 
85 

90 
92 

80 
so 

15 
15 
20 

30 
20 

10 
10 

14 
15 
15 

9 
7 

10 
10 

b 
b 
C 

C 

C 

b 
b 

2 
2 
a 

C 

C 

2 
2 

b 
l 
b 

C 

C 

2 
2 

1 
1 
b 

b 
1 

b 
b 

b 
1 
l 

C 

l 

2 
2 

b 
b 
C 

C 

l 

b 
b 

4 
4 
C 

C 

C 

18 
18 

C 

C 

C 

23 
23 

25 
25 
23 

60 
C 

30 
30 

10 
10 
10 

3 
C 

8 
8 

64 
64 
58 

48 
59 

67 
67 

61 
61 
51 

70 
70 

70 
70 

17 
17 
14 

10 
7 

12 
12 

74 
74 
70 

60 
67 

69 
69 

53 
53 
53 

66 
73 

55 
55 

NAd 
NA 
NA 

NA 
NA 

NA 
NA 

C 

C 

C 

C 

C 

C 

C 

aThe HVs of LOW II use Pb/ ac id batteries, and the HVs of HIGH II use Ni/Zn batter ies. 
There are no Li/S EVs in HIGH II. 

bLess than 1%. 

cLess than 100 EVs of this type. 

daattery not available. 

5 
5 
2 

l 
C 

2 
2 

10 
10 
10 

10 
10 

15 
15 

10 
10 
10 

10 
12 

20 
20 

33 
32 
32 

25 
20 

35 
35 

For any particular vehicle battery combination. Eq. A. 2 can be written 
with eve ry elemen t having a subsc ript L that designates the particular combi
nation. For exampl e, fo r a Pb/acid four-passenger car, St. designates sales 
of that vehicle and ~ St i = St . Eq. A. 2 would hold if 

1 
the particular i 

were following the L same growth pattern as the sum of all the EHVs 1n the 
scenario. However, this 1s seldom the case. In later years, this Pb/acid 
four-passenger c ar ma y have no sales bec ause a better, advanced battery car 1s 
on the market. This advanced c ar would have not only its own growth by sub
stituting fo r CVs but would replace any similar Pb/acid cars being r e tired. 
This accoun : ~ng pr ocess LS evident Ln the subsequent tab les in this appendix 
a~d i s de scribed further at the end of Sec. A.2.3 . i. 
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Table A. 7. Conventional Trucks for Which EHVs Could Be Substituted 
by Use, Annual Miles, and GVW, 1975- 2000 

cvwa Miles per Personal Use (103) Nonpersonal Use (103) 

(lb) year (103) 1975 1985 1990 2000 1975 1985 1990 2000 

Light 0-6 320 1,590 2,170 3,310 180 640 910 1,300 
0-4,500 6-10 250 1 , 270 1,730 2,630 170 610 870 1,250 

10-15 130 630 850 1,300 130 460 650 940 
15-20 130 660 900 1,370 240 840 1,220 1,730 

Medium 0-6 3,160 5,540 5,640 6 , 190 1,800 2,220 2, 370 2,440 
4,501- 6-10 2,520 4,450 4,490 4 , 940 1,730 2,130 2,270 2,340 
7,500 10-15 1,246 2,200 2,220 2,440 1,300 1,600 1,710 1,760 

15-20 1,310 2,310 2,340 2,570 2,370 2,930 3,140 3,240 

Heavy 0-6 470 800 860 830 270 320 360 330 
7,501- 6-10 380 640 690 660 260 300 350 310 
10,000 10- 15 190 330 340 320 lQO 230 260 230 

15-20 200 330 3 ]_Q 340 360 420 490 430 

Total 10,300b 20,800 22,600 26,900 9 , 000 12,700 14,600 16,300 

across veh icle weight of conventional truck. 

bcolumns do not always sum because of rounding. 

Source: Ref. A.3. 

A.2.3. 1 EV Light Truck Markets 

This section presents the details of how the EV light truck markets are 
defined. For the 18 EV light trucks characterized in App. B and numbered 
LTl Clight light truck 1) through HT6 (heavy light truck 6), the method is 
as follows. Table A. 7 gives the future size of truck markets in which EHVs 
could be substituted by annual miles, GVW, and use. Table A.8 gives EV truck 
substitution by use, GVW, and characterization number. This latter table is 
derived by ana l ysis of the required annual mileage shown in Table A.7 and the 
l ight EV trucks available as characterized in App. B in each year of each 
scenari o. Fleet owners with some vehicles with easy vehicle missions (i.e., 
less than 6000 mi/yr) can accept limited-range EV light trucks for a portion 
of their f leet. However, EVs can never substitute for the trucks in Table A.7 
with the highest annual mileage, even in the later years of HIGH I. 

Table A.9 gives EV truck totals and sales by scenario and charac
terization number. Of the 43 million trucks for which EHVs could have been 
substituted, two million in LOW I and 13 million in HIGH I are EVs . In LOW I 
all two million are in nonpersonal use (wholesale, utility, manufacturing, 
government, etc.); in HIGH I, 72% are in nonpersonal use. In LOW I all of 
these vehicles can be accommodated in tasks that require less than 10,000 
mi/yr (40 mi/workday for a 250-workday year) . Al 1 of these true ks could be 
Pb/acid vehicles, if no other battery were developed. The later years of the 
higher scenarios do show penetration by longer-range trucks into personal-use 
markets with higher daily and annual mileage requirements. 



Table A.8. EV Truck Totals by Use and by Scenarioa 

LOW I (103) MEDIUM ( 103) HIGH I (103) 

Gvwb Truck Personal Noneetsonal Personal Noneersonal Personal Noneersonal 

(lb) No.c 1985 1990 2000 1985 1990 2000 1985 1990 2000 1985 1990 2000 1985 1990 2000 1985 1990 2000 

Light LTl od 0 0 14.3 45 .6 651 0 0 7.5 17 .6 22 . 8 230 0 0.4 0.2 34.5 47.7 600 
0- LT2 0 0 0 0 .1 0 . 5 7.9 0 0 0 0.4 0 . 8 15.3 NAe NA NA NA NA NA 
4,500 LT3 0 0 0 0.6 1.0 15 . 9 0 0 0 4 .0 38 . 0 460 0 3.3 2.0 11. 5 39.8 30.0 

LT4 0 0 0 0 4.2 119 0 0 22.5 0 10.6 675 0 3.5 366 0 55.7 1800 
LTS NA NA NA NA NA NA NA 0 2.0 NA 3.8 153 0 0.8 181 0 12.7 150 
LT6 NA NA NA NA NA NA NA 0 0 NA 0 0 NA 0 647 0 3.2 420 

Medium MTl 0 0 0 18. 1 66.9 951 0 0 15. 0 26.4 44.7 419 0 0.8 0.3 50.3 90.6 1140 
4,501- MT2 0 0 0 0.1 0.8 11.6 0 0 0 0.6 1.5 27 .9 NA NA NA NA NA NA 
7,500 MT3 0 0 0 0.8 1.5 23.2 0 0 0 6.0 74.5 838 0 6.6 3.0 16.7 75.5 56.8 

MT4 0 0 0 0 6 .1 174 0 0 45.0 0 20.9 1230 0 7.0 720 0 106 3410 
MTS NA NA NA NA NA NA NA 0 5.0 NA 7.5 279 0 1.6 356 0 24.2 284 
MT6 NA NA NA NA NA NA NA 0 0 NA 0 0 NA 0 1080 0 6.0 795 

Heavy HTl 0 0 0 0 2.7 39.l 0 0 0.8 0 8.0 65.2 0 0.2 0 2.3 15.6 144 

7,501- HT2 0 0 0 0 0 0 . 5 0 0 0 0 0 .1 0 NA NA NA NA NA NA I-' 

10,000 HT3 0 0 0 0 0 . 3 4 .6 0 0 0 0 9.0 97.8 0 0.3 0.1 0.7 7.8 21.6 0 
CX) 

HT4 0 0 0 0 0 1.8 0 0 2.2 0 2.6 130 0 0.5 74.9 0 11. 7 418 
HTS NA NA NA NA NA NA NA 0 0 NA 0.4 32.6 0 0 50.0 0 3. 1 36.0 
HT6 NA NA NA NA NA NA NA 0 0 NA 0 0 NA 0 123 0 0.8 101 

aLOW II has the same number and type of EV trucks as LOW I. HIGH II has the same number and type of EV trucks as HIGH I, except that 
there are no Li/S EV trucks (LTS, LT6, MTS, MT6, HTS, and HT6) in HIGH II. 

bGross vehicle weight of comparable conventional truck. 

csee App. B for characteristics of each truck type . 

dA zero means less than 100 vehicles. 

~ot available. 



Table A. 9. EV Truck Totals and Sal es by Scenarioa 

LOW I (103 ) MEDIUM ( I 03) HIGH I (103) 

Gvwb Truck Tota l s Sa les Totals Sales Tota ls Sales 
( lb) No.C 1985 1990 2000 l 985 1990 2000 1985 1990 2000 1985 1990 2000 1985 1990 2000 1985 1990 2000 

Ligh t LTI 14 . 3 45.6 651 4 . 3 18 .0 207 1 7. 6 22 . 8 238 l. 5 2.8 95 .6 34.5 48 .l 600 3.2 12.2 235 
0- LT2 0 . 1 0.5 7 .9 0 .05 0.23 2.0 0.4 0 . 8 15 , 3 0. 16 0 . 38 5. l NAd NA NA NA NA NA 
4,500 LT3 0.6 l. 0 15. 9 0 . 11 0.44 5. 5 4.0 38 . 0 460 7 . 3 10. 7 159 11. 5 43. 1 32.0 6 .4 4 . 5 0 

LT4 oe 4.2 119 0 I. 1 47.0 0 10 . 6 698 0 7 . l 233 0 59 . 2 2170 0 36 . 3 661 
LT5 NA NA NA NA NA NA NA 3.8 155 NA 0,88 62 .7 0 13,5 331 0 12 .8 12 1 
LT6 NA NA NA NA NA NA NA 0 0 NA 0 0 NA 3 . 2 1070 NA 4. 7 335 

Medi um MT! 18 . l 66.9 951 5.4 18 . 6 279 26 .4 44.7 434 4. 4 10 . 0 163 50 . 3 91.4 1140 19 . 2 32 . 5 325 
4,501 - MT2 0. I 0.8 11. 6 0.06 0.41 3.6 0 .6 I. 5 2 7 . 9 0 . 16 0 .44 11. 3 NA NA NA NA NA NA 
7,500 MT3 0.8 l. 5 23.2 0 .13 0 . 52 8.83 6.0 74. 5 838 7. 3 28.4 314 16. 7 81. 2 59 .8 8 .9 5. 2 0 

MT4 0 6 . l 174 0 2 . 3 72. 5 0 20 .9 1270 0 16.7 485 0 113 4130 0 74. 3 1680 
MTS NA NA NA NA NA NA NA 7 .5 284 NA 5. 7 10 l 0 25 . 8 640 0 18 .4 201 
MT6 NA NA NA NA NA NA NA 0 0 NA 0 0 NA 6.0 1870 NA 8.2 642 

Heavy HTl 0 2.7 39 , l 0 I. 2 l I . 8 0 8.0 66 . 0 0 3.6 20 . 0 2.3 15 .8 144 I. 9 5 . 3 40.5 
7,501- HT2 0 0 0 . 5 0 0 0. 12 0 0. I 0 0 0.04 0 NA NA NA NA NA NA f--' 
10 ,000 HT3 0 0 . 3 4,6 0 0. 13 I. 7 0 9.0 97 .8 0 J .8 25 . 6 0 . 7 8 .1 21. 7 0 . 38 4.3 1. 5 0 

·'° HT4 0 0 l. 8 0 0 0.6 1 0 2.6 132 0 l. 1 34 . 8 0 12 . 2 49 3 0 8 . 7 162 
HTS NA NA NA NA NA NA NA 0 .4 32 .6 NA 0.22 9 .4 0 3 . l 86 .0 0 4.2 26 .0 
HT6 NA NA NA NA NA NA NA 0 0 NA 0 0 NA 0 .8 224 NA 0 . 6 88 .0 

Total 34 13 1f 2000 10 43 641 55 245 4750 21 92 1721 116 525 13 , 000 40 232 4525 

a1ow Il has t he same number and type of EV t r ucks as LOW I. HIGH [1 has t he same number a nd type o f EV trucks as HIGH 1, e xcept that 
the re are no l, i/S EV trucks (LTS, LT6 , MT'l, MT6, HTS, and HT6) in HIGH 11. 

bGross veh ic le we ight of comparab l e conventional truck . 

csee App. B for ch arac teristics of each truc k type. 

dNot available . 

eA zero means l e ss than 100 vehic les. 

fc o l umns do not a l ways sum because of r ounding . 
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Because of th e r e lative compatabi l ity of EV characteristics with 
nonpersona l -use truck requirements, EV truck penetrations are large when 
compared to bus and automobile penetrations . While trucks are about 15% of 
the total vehicle market, they are a l ways more than 50% of the EV market in 
the assessment years of all scenarios. 

Figure A. 5 shows the changes in market penetrations of four types of EV 
trucks for particular scenarios . Using these curves, all the subscripted i 
terms required to calculate St. can be estimated (see Sec. A.2.3) . 

l 

A.2.3.2 EV Bus and EV Automobile Markets 

Th e se marke ts are deve loped by methods similar to those discussed in 

Sec. A.2.3. 1 . Bus totals and sales are given in Tables A.10 and A.11. Since 
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the federal government controls the purchase of school and transit buses, 
these markets are penetration rapidly under MEDIUM and HIGH I. Because of the 
various ranges required of buses (a large portion can be recharged at midday), 
this market saturates at about 60% . This percentage is almost achieved as 
early as 2000 in HIGH I. HIGH II has a lower penatration rate because no 
HV buses were characterized . 

Table A.12 presents EV automobile totals and sales. Recent trends 
1.n automobile purchases have been toward less seating capacity per vehicle. 
By 1985 it is expected that 40% of automobiles will have four or fewer seats. 
EVs penetrate this market more easily than the larger-car market, because 
larger cars tend to be the primary vehicle of a household. This factor plus 
EV range limitations, even under HIGH I, will slow EV penetrations in the 
large-car market. Thus, the EV automobile market is expected to split about 
fifty-fifty in terms of the characterized v ehicles . The four-passenger 
vehicle is typical of future small cars and the five-passenger veh icle of 
larger cars. Two-passenger and six-or- more-passenger cars wi 11 become ( or 
remain) specialty items. It is not, however, until the later years of the 
higher scenarios that more than a f ew percent of the automobile fleet are EVs . 
By then the penetration will be by Ni/Zn and Li/S vehicles having l onger 
ranges. 

Table A.10. Conventional Buses for Which 
EHVs Could Be Subst i tuted by 
Type and Size, 1975- 2000 (103) 

Bus Type 1975 1985 1990 2000 

School 

Small 30.9 47 . 8 53.3 60.1 
Large 335 350 391 441 

Transit 

Small 1.8 21. 2 26.5 26.0 
Large 49 . 0 49.5 49.5 49.5 

Totala 

Small 32.7 69.0 79 .8 86.l 
Large 384 400 440 490 

Total 417b 469 520 576 

aExcludes intercity and other commercial 
buses. 

bcolumns do not always sum because of 
rounding. 

Source: Ref. A. 3. 



Table A.1 1. EV Bus Total s and Sales by Scenarioa 

LOW I ( 103) MEDIUM (103) HIGH I (103) 
Typ ic al 

Gvwb Bus Totals Sales Totals Sales Totals Sales 

(1 b) No . c 1985 1990 2000 1985 1990 2000 1985 1990 2000 1985 1990 2000 1985 1990 2000 1985 1990 2000 

Sma 11 581 0d 9 . 3 18 .0 0 2 .86 5. 18 0 15.0 12.0 0 4 .02 0 0 . 8 8.0 4 . 5 0.39 2.58 0 
10,000 SB2 0 0 0 0 0 0 0 0 . 24 0 0 0 .01 0 NAe NA NA NA NA NA 

S83 0 0 .3 0 .6 0 0 . 14 0 . 17 0 10 . 9 9.6 0 4 .64 0 l. 2 16 .8 4.0 0 .6 1 4. 59 0 
S84 0 0 l.4 0 0 0. 32 0 3 .6 14 .4 0 2 . 16 3 .39 0 11. 2 29.0 0 5 . 24 4.40 
S85 NA NA NA NA NA NA NA 0 . 3 4.0 NA 0 . 16 0 .9 5 0 3.2 3.2 0 l. 93 0.09 
586 NA NA NA NA NA NA NA 0 0 NA 0 0 NA 0.8 9.3 NA 0 .67 l. 85 

Large LB l 0 0 36 .8 0 0 12. 9 0 4.0 30.0 0 l. 53 8.49 0 8.0 40 .8 0 2 . 24 0.85 
26,000 L82 0 0 0 .4 0 0 0 . 14 0 0 . 1 l. 5 0 0 .03 0. 38 NA NA NA NA NA NA 

LB3 0 0 0 .8 0 0 0.23 0 4.4 39 .0 0 1.69 10 .6 0 16 .8 5 .2 0 5 . 5~ 0 
LB4 0 0 2 .0 0 0 0 . 60 0 l. 5 61. 5 0 0 . 75 19.6 0 11.2 37. 3 0 5.67 11. 8 
LBS NA NA NA NA NA NA NA 0 15.0 NA 0 4,7 0 3.2 29 . 2 0 2 .00 3.08 
LB6 NA NA NA NA NA NA NA 0 3.0 NA 0 0 .48 NA 0.8 87 .5 NA 0 .50 37.5 

Total Smal I 0 10 . of 20.0 0 3 .00 5 . 67 0 30 .0 40.0 0 ll.O 4 . 34 2 .0 40.0 50.0 1.00 15. 0 6. 34 
Total Large 0 0 40 .0 0 0 13 .9 0 10 .0 150.0 0 4. 00 44.3 0 40.0 200.0 0 16 .0 53.2 I-' 

I-' 
Total 0 10 .0 60 .0 0 3 .00 19.6 0 40.0 190.0 0 15,0 48.6 2. 0 80.0 250.0 1.00 31.0 59. 5 N 

aLOW II has the same number and type of EV buses as LOW I. HIGH II has the same numbe r and type of EV buses as HIGH 1, except that 
there are no Li/S EV buses (S85, S86, LBS, and LB6) in HIGH II. 

bcross vehicle weight of typical comparable conventional bus. 

csee App. B f or characteristics o f e ach bus type . 

dA ze ro means less t han 100 vehicles. 

eNot available . 

fcolumns do not always sum because of round i ng. 



Table A .12. EV Automobile Tota ls and Sales by Scenario oo3)a 

-
LOW I MEDIUM HIGH 

Totals Sales Totals Sales Total s Sale s Auto Size 
and No. b 1985 1990 2000 1985 1990 2000 1985 1990 2000 1985 1990 2000 1985 1990 2000 1985 1990 2000 

Small 4Pl 10.8 31. 5 376 2 . 81 9.50 124 12 .8 18 .9 1. so I. 70 1. 30 oc 19 . 6 26.2 53.8 8 . 50 1.89 l. 65 4P2 NAd NA NA NA NA NA NA NA 151 NA NA 73 .7 NA NA 484 NA NA 192 4P3 0. 10 0 . 63 0.94 0.04 0 . 18 0 o. 34 0 . 50 0 0. 15 0. 12 0 NA NA NA NA NA NA 4P4 NA NA 8.46 NA NA 2.97 NA NA 12. 2 NA NA 3 . 69 NA NA NA NA NA NA 4P5 0. 12 2.80 84. 6 o.os l. 81 22 . 4 3 . 91 42.3 138 3 . 39 20. 1 0 8. 4 123 538 5.50 67.9 0 4P6 NA NA NA NA NA NA NA NA 921 NA NA 366 NA NA 2420 NA NA 961 4P7 NA NA NA NA NA NA NA I. 26 306 NA 2.07 121 0 26.2 53.8 0 9 . 62 l. 65 4P8 NA NA NA NA NA NA NA NA NA NA NA NA NA NA 753 NA NA 299 4P9 NA NA NA NA NA NA NA NA NA NA NA NA NA NA 1080 NA NA 427 

Large 5Pl 8.82 31. 5 376 3 . 00 9.50 124 9. 7 5 18.6 l. 50 2.02 l. 36 0 l 5 .4 26.2 53.8 11. 0 l . 39 1.65 5P2 NA NA NA NA NA NA NA NA 151 NA NA 73. 7 NA NA 484 NA NA 192 5P3 0.08 0.63 0.94 0.04 0 . 18 0 o. 26 0. so 0 o . 17 0 . 12 0 NA NA NA NA NA NA 5P4 NA NA 8.46 NA NA 2.97 NA NA 12.2 NA NA 3.69 NA NA NA NA NA NA 5PS 0. 10 2.80 84 . 6 0.07 1.81 22 . 4 2 . 99 41. 7 138 3 . 55 19 .8 0 6.6 123 538 6.02 6 7 . 9 0 5P6 NA NA NA NA NA NA NA NA 921 NA NA 366 NA NA 2420 NA NA 961 5P7 NA NA NA NA NA NA NA I. 24 306 NA 2 . 03 121 0 26.2 53.8 0 9.62 1. 65 5P8 NA NA NA NA NA NA NA NA NA NA NA NA NA NA 753 NA NA 299 1--' 
1--' 5P9 NA NA NA NA NA NA NA NA NA NA NA NA NA NA 1080 NA NA 427 w 

Total Small 11. oe 35.0 470 2.90 11. 5 150 17.0 63.0 1530 5. 25 23 . 7 564 28 . 0 175 5380 14 .o 79.5 1880 Total Large 9 . 00 35.0 470 3. 10 11. 5 150 13 .o 62.0 1530 5.75 23 .3 564 22 . 0 175 5380 15.0 79 . S 1880 
Total 20.0 70.0 940 6 00 23.0 300 30.0 125 .0 3060 11.0 47 .o 11 30 so 0 350 10,800 29.0 159 . 0 3760 

aLOW II has the same number and type of EV autos as LOW I . HI GH II has the same n umber and type of EV autos as HIGH I, except t hat there a r e no Li/S 
EV autos (4P7, 4P8, 4P9 , 5P7, 5P8, and 5P9) in HIGH II. 

bsee App. B for characteristics of each bus type. 

CA ze r o means l ess than 100 vehi cles. 

dNot availab l e. 

ecolumns do not a lways sum because of round ing . 
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A.2 . 3.3 RV Markets 

Only HV medium-light trucks and cars are characterized for the assess
ment because of limi ted information abou t RVs . Market constraints are fa r 
less severe because no range limitations exist. Me thods similar to those 
already described are used to determi ne these markets . Table A.13 presents a 
summary of the HV sales and totals by vehic le type and by s c enario. 

A.3 TYPES OF ERV MANUFACTURERS 

Three types of EHV manufacturers have been identified : foreign, large 
domestic (Ford, GM, and possibly Chrys l er and American Motors ), and small 
domestic. Vehicles from foreign and large domestic manufac ture rs will be mass 
produced (except in the early years) and those from sma l l domest i c firms wi l l 
be serially produced. Small firms will be pushed into specialty markets as 
soon as the larger firms enter the market with mass-produced vehicles. Th is 
should happen when EV or HV sales reach several hundred thousand pe r year. 
Also, a l arge, EHV- only manufacturer may arise in the MEDIUM and HI GH sce
nar i os. 

The contribution of fo r eign manufacturers to EHV stocks will no t be 
insignificant. About 10% of small t rucks (less than 4500 lb GVW) c urren t ly 
are foreigh made and are either distributed there by the manufacturer (e . g. , 
Datsun) or are captive impor t s d i stributed by domestic firms (e.g., Chevy 
Luv). About 15% of today' s automob i l e ma rket is imported. The veh icles are 
mostly small c ars and are either sold directly or a s captive imports. I n 1980 
the CAFE numbers can no longer include captive imports and a change in this 
market can be expected. For this assessment, it is assumed that domestic 
manufacturers will gain and hold 60% o f the small truck market by 1985, but 
foreign-made car sales wi l 1 continue to be approximate l y 15% of U. S . auto 
sal es. 

Table A. 13. HV Totals by Scenario (lo3)a 

LOW I I HIGH II 

Totals Sales Totals Sal es 
Vehicle 

No. 1985 1990 2000 1985 1990 2000 1985 1990 2000 1985 1990 2000 

MT7 12 .6 63. 7 1370 4.7 27.5 525 

MT8 0 61. 6 5297 0 33 . 1 2040 

4Pl0 4.1 15.9 313 1. 35 6.85 118 

4Pll 0 26.2 1408 0 14 .4 542 

5Pl0 3.3 15.9 313 1.35 6 . 85 118 

5Pll 0 26.2 1408 0 14.4 54 2 

Total 20 . 0 95.6 2000 7 .4 41.3 761 0 114 8110 0 61. 9 3120 

aonly me dium- light trucks and f our- and five-passenger autos are characterized . 
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The distribution of EHV sales by type of manufacturer and scenario 1s 
presented in Table A.14. The small domestic firms are the only producers in 
the early years; by 1985 in the HIGH scenarios and by 1990 in the LOW and 
MEDIUM scenarios, the large domestic firms begin to dominate the market. HIGH 
I, for example, is possible because of the large number of imports in 1990 
(28%), but U.S. manufacturers gain 87% of the market by 2000. 

In the middle and later years, the large domestic manufacturers avoid 
ERV markets with insufficient vehicle demand to sustain mass production . 
Insuff icient vehicle demand can occur when there is either strong foreign and 
small firm competition or small numbers of vehicles. Foreign manufacturers do 
well in the ERV light truck market, selling about as many of these trucks as 
small automobiles in most years . Small domestic firms looking for gaps in 
foreign and large domestic manufacturer EHV 1 ines find t he small auto (com
muter car) and the light truck to be their mainstays. This can be attributed 
to the large markets, to similarities between the two vehicle types , and to 
the relative simplicity of the vehicles. 

Exports by domestic manufacturers are considered to be insignificant 
and are not included in the sales totals or scenarios. 

A.4 EHV ANNUAL VEHICLE MILES TRAVELED 

Projections of national annual VMT for buses, trucks, and autos are 
based on Ref. A.3 and serve as the basis for the distribution of VMT by 
vehicle type. The projections used are only for vehicles t hat can be substi
tuted by EHVs. In other words, annual VMT for medium and heavy trucks and 
intercity buses are not included in the basis for EHV projections. 

Table A.15 gives the VMT for sample EHVs and CVs by scenario and 
year. It shows that EVs and RVs substitute in each scenario on a one-for-one 
basis for CVs. Therefore, a penetration of shorter-range EVs with l ower 
annual VMT causes average CV VMT to increase slightly. (This increase often 
appears in the third or fourth significant figure of average CV VMT.) RV VMT 
equals CV VMT per vehicle in scenarios with RVs. A 50-mile range EV, if used 
to its maximum each day, could generate 18,250 mi/yr. Half of this number is 
more reasonable and is the limiting value used to define markets. A 9000-mile 
year for a cormnercial truck is only 36 mi per 250-workday year. The average 
1985 trans i t bus mission of 28,000 mi/yr is more difficult but does not, on 
the average, tax a 100-mi/day, 300-day/yr transit bus. Such a bus averages 
93.3 mi/day. Some midday charging of batteries can be expected. 

A.5 REGIONAL VARIATION 

This section outlines the methods used : (1) to derive the variations 
in market penetration of EVs in different areas of the United States and (2) 
to develop the number of EVs, HVs , and CVs for each area. 



Table A. 14. EHV Auto and Truck Market Share and Sales by Type of 
Manufacturer and Vehicle and by Scenario (103) 

LOW I LOW II MEDIUM HIGH I HIGH II 
U.S . Sales by - - - -- ---· 

Manufacturer 1985 1990 2000 1985 1990 2000 1985 1990 2000 1985 1990 2000 1985 1990 2000 

Foreign firmsa 

% of all EHVsb C 20 22 4 23 20 C 20 19 20 28 13 20 28 13 

Light trucksd C 9.3 115 C 9.3 115 C 15.4 293 4.3 50.8 517 4.3 38.3 342 
Medium trucksd C 6 .1 93 . 3 0 0 0 0 0 0 6.7 233 
Small autos C 4.0 92 . 1 1.0 9 .1 127 C 12.4 250 9.5 59.0 560 9.5 62.6 505 

Total sales C 13.2 207 l . 0 24.4 335 C 27.8 543 13.8 109 1077 13.8 107 1080 

Domestic small firmse 

% of all EHVsb 100 30 18 96 25 19 100 25 15 30 15 5 30 14 4 
Light trucksd 4 . 4 7.0 46.5 4.4 7 .0 46.5 9.0 6.5 112 2.6 20.5 175 2.6 15 .5 116 
Medium trucksd 5.6 4.0 35.1 10.3 7.9 76.5 11.9 11 .1 73.0 7. 1 13 .2 67 .0 7 .1 13.2 90 

Sma 11 autos f 2.9 5.4 57 .9 3.3 6.6 141 5.3 11.6 164 3.0 10.0 122 3.0 10.6 109 
Large autosf 3 . 1 3.5 30.0 4. 5 5.5 53 . 6 5 . 7 5.5 80.0 8.0 15.0 50.0 8.0 15.9 45 

I-' 
I-' 

Total sales 16.0 19.8 169 22.4 26.9 317 32.0 34. 7 429 20.7 58.7 414 20. 7 55.2 360 ()\ 

Domestic l arge firms 

% of all EHVsb C 50 60 C 52 61 C 55 66 50 57 82 50 58 83 

Light trucksd C 2.9 100 C 2.9 100 C 0 150 2 . 7 0 660 2.7 0 438 
Medium trucksd C 17. 8 329 C 35 . 2 719 C 50 .1 1001 21 . 0 125.4 2781 21.0 125 3720 
Heavy trucksd C 1.3 14.2 C 1.3 14 . 2 C 8.7 89 .8 2.3 23.1 318 2.3 18.3 204 
Small autosf C 2.5 0 C 3.1 0 C 0 150 1.5 10.5 1200 1.5 11. l 1080 

Large autosf C 8 . 5 120 C 13.4 214 C 17.4 484 7.0 64.5 1832 7.0 68.3 1650 
Total salesb C 33.0 565 C 55.9 1050 C 76 . 0 1880 34.5 223 679 1 34. 5 222 7090 

arncludes direct and captive imports. 

bExcept buses, which are assumed to be produced by current bus manufacturers. 

cLess than 1000 vehicle sales. 

dLight: less than 4,500 lb GVW; medium: 4,500- 7,500 lb GVW; and high: 7 ,500-10 , 000 lb GVW. 

eu.s. firms that produce vehicles serially. 

fsmall: four or fewer passengers 
Large: five or more passengers. 



Table A.15. Distribution of Average Annual VMT of Sample Vehicle Types by Scenario and Year (103) 

Vehicle Scenario 
EV 

Vehicle No . HV LOW I LOW II MEDIUM HIGH I HIGH II 
and Battery Type CV 1985 1990 2000 1985 1990 2000 1985 1990 2000 1985 1990 2000 1985 1990 2000 

MT l Pb/ Ac id EV 8.00 8.00 9. 15 8.00 8.00 9 .15 8.00 8.03 9 . 64 8.00 8 . 10 9 . 98 8 . 00 8 .10 9 . 98 
MT4 Ni/Zn EV NAa 9.27 11. 50 NA 9.27 11 . 50 NA 9.21 12. 89 NA 10 .10 13.04 NA 10 .10 13 . 04 
MTS Li/S EV NA NA NA NA NA NA NA 9.21 12.89 NA 10 .10 13 . 04 NA NA NA 
MT7 Pb/ Acid HV NA NA NA 11 . 89 12. 50 13 . 82 NA NA NA NA NA NA NA NA NA 
MT8 Ni/Zn HV NA NA NA NA NA NA NA NA NA NA NA NA NA 12.51 13.97 
MT9 None CV 11. 89 12.50 13.82 11. 89 12.50 13.82 11. 89 12 .49 13 . 89 11.89 12 . 51 13.97 11.89 12.51 13.97 

LBl Pb/Acid EV NA . NA 7.70 NA NA 7 . 70 NA 6.95 7 . 07 0 7.30 8 . 00 0 7.30 9 . 16 
LBS Li/S EV NA NA NA NA NA NA NA NA 10. 74 NA 8.82 10 .44 NA NA NA 
LB6 Li /S EV NA NA NA NA NA NA NA NA 10 . 75 NA 8.82 11 . 50 NA NA NA 
LB7 None CV 9 . 56 9.48 10.81 9.56 9 .48 l 0. 81 9.56 9.64 11. 25 9 . 57 9 . 72 11.66 9.57 9 . 70 11.51 

4Pl Pb/ Ac id EV 8 . 75 9.25 l O .4 7 8 . 75 9.25 10 .47 8 . 7 5 9.25 11 . 17 8 . 75 9.25 11.25 8 . 75 9.25 11. 51 
4P5 Ni/Zn EV 9. 90 10.00 12 .00 10 . 03 10.91 12. 67 9.90 10.00 12 . 10 10. 03 10.50 12.55 10.03 10.50 11.60 
4P9 Li/S EV NA NA NA NA NA NA NA NA NA NA NA 12.69 NA NA NA ...... 4Pl0 Pb/Acid HV NA NA NA 10 . 03 10.91 12. 6 7 NA NA NA NA NA NA NA NA NA ...... 

-.J 4Pl 1 Ni/Zn HV NA NA NA NA NA NA NA NA NA NA NA NA NA 10 . 92 12.67 
4Pl2 None CV 10.03 10.91 12 . 69 10.03 10 . 91 12.67 10.03 10.91 12 . 69 10.03 10 .92 12.69 10.03 10.92 12. 6 7 

aNot available . 
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A.5.1 EV Regional Market Model 

A market share indicator for each of 158 urbanized areas (UAs) is 
developed. (The 158 UAs are those with 1990 populations forecasted to be over 
150,000.) The indicator shows the variation in EV penetration rate from the 
typical UA rate and is b ased on the characteristics of the particular UA . 
This section summarizes the development of the indicator. For a detailed 
discussion, see Ref . A.4. RVs are not considered to have this type of varia
tion. 

The variables that influence EV reg i onal variation and that are in
cluded in this analysis are differences in temperature , average trip length, 
average trip speed, terrain, average annual vehicle miles, and the relative 
price of electricity and gasoline.* Since no EV market data exist to cali
brate a model, engineering judgment is applied to existing UA projections. 
Table A.16 lists the name and definition of each variable used in the analysis 
(S, L, H, M, D, T1, and T2) and the corresponding data source. Figure A.6 
presents these data by variable as frequency distributions. 

where: 

The indicator is given by: 

V = l/6[a(S) + b(L) + c(H) + d(M) + e(D) + f (T1,T2) J 

V = indicator for the UA variation (averages 1.0 over all 
the UAs), and 

a, b, c, d, e and f = functions . 

(A. 3) 

Functions a, b, c, d, and e are linear functions that operate on the vari
ables. Each function has a mean value of 1.0 over all UAs and varies with t he 
standard deviation of its argument as shown in Table A.17. The func tion f 
also operates on its variables and has a mean of 1. 0, but it is a discon
tinuous function as shown in Fig. A.7. Function f reduces EV penetration for 
UAs at either temperature ext reme . For none of the 158 UAs did T1 and T2 
both fall outside the moderate temperature range. Thus, only one f va lue is 
assigned to each UA, either the moderate value 1.19 or a value determined b y 
one temperature extreme. 

The effect of market penetration variation with each of these variables 
was discussed with EHV R&D engineers. Climate and hills are considered to 
have the greatest effect because of adverse impacts on EV performance and 
because temperature extremes require passenger compartment heating or air 
conditioning. (See Sec. B.2.1.3 for a discussion of the latter prob l em.) 
EV range limitations are considered to be the next mos t detrime nta l to EV 
acceptance. Variables Land M address this. Average trip speed and relat i ve 
energy cost (S and D) are considered to be the third and f ourth most impor
tant. 

*EV regional variations also will be affected by certain factors not directly 
related to UA population, such as per capita auto ownership and variations in 
transit bus operation. Such factors are considered when distr ibuting vehi
cles to UAs as described in Sec. A.5.2. 



Parameter 

s 
L 

H 

M 

D 

119 

Table A.16. Definitions of Variables 

Definition 

Average UA 1990 trip speed . 

Average UA 1990 trip length. 

Number of 100-ft con tour line s 
along a 10- mile radius from the 
UA center through the hilliest of 
the surrounding area with roads. 

UA 1990 annua l per capita VMT. 

Difference in price of gasoline 
at the pump and r e sidential elec 
tricity (per equivalent barre l); 
only for the 10 federal regions; 
electricity price a l ways higher; 
D always positive. 

Normal Jul y maximum temperature . 

Norma l January minimum temperature. 

Sources: Refs. A.5-A.8. 

The major assumptions imbedde d 1n this method are: 

Reference 

A. 5 

A.5 

A.6 

A. 5 

A. 7 

A.8 

A.8 

1. EV populations in 1985 and 2000 wi ll have the same dis
tribution over the United St a t es as in 1990. 

2 . Penetrations of d i fferent types of EVs will be affected by 
the variables to the same degree . 

3. The assumed effect of each variable on market pene tration 
is reasonable, and the effect of each var i able sums to 
give the total effect. 

4. All EVs wi ll be in the 158 UAs. 

Evaluating these assumptions is difficult, because no data on EV penetrations 
exist. With respect to the fourth assumption, it is obvious that not all EVs 
wi l l penetrate in the 158 UAs. Some penetration will occur i n smal ler UAs and 
rural areas. The assumption is made simply for computational exped i ency. 
However, it is not expected that the impacts shown in the air quality and 
utility analyses that utilize these reg i onal variations will be affected by 
this assumption. 
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Table A.17. Description of Functions a through e 

Function 

a(S) 
b(L) 
c(H) 
d(M) 
e (D) 

z 
Q ..... 
0 
z 
::, 
u... 
w 
:x: ..... 
LL 
0 
en 
w 

I . I 9 

0 .95 

0.71 

0.48 

0.24 

0.00 

3 -0.24 
<t 
> -0.48 

- o. 71 

Two Coordinates of Each Linear Function 

Three Standard 
Deviations 

above the Mean 
of the Argument 

0.2 
0.4 

-0.2 
0.4 
0.4 

Three Standard 
Deviations 

below the Mean 
of the Argument 

1. 8 
1. 6 
2.2 
1. 6 
1. 6 

-3 -2 - I 0 + I +2 +3 

VALUES OF T2 

DETERMINE f HERE 
VALUES OF T .I 

DETERMINE f HERE 

ST ANDA RD DEVIATIONS ABOVE 

MEAN TI OR BELOW MEAN T 2 

Fig. A.7. Function f 
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Table A.18 lists the values of the functions a through f and V for each 
158 UAs. Also listed in this table for each UA is a column showin g the 

each UA would have of all the EVs in each scenario. The column sums to 
Table A.19 classifies the UAs by the 10 federal regions and the values 
and Fig. A.8 is a map showing these 10 federal regions. 

Distribution of EVs, RVs, and CVs to the 158 UAs by Scenario 

Each of the 18 types of electric autos is distributed to the 158 UAs 

as follows: 

where: 

EVAUTOmiJ' k = V NEV AUTO· 'k ( AUTOm) 
m lJ lAUTOm 

m 

m = UA number (158 possible values), 

i = year (1985, 1990, or 2000), 

j = scenario (five poss i ble values), 

k = type of automobile (e.g.' 4P3, 18 possible 
values), 

EVAUTOmijk = the number of that type of EV automobile, 

NEVAUTOijk 

EV market 
with UA 

penetration indicator that varies 
characteristics (see Table A.18), 

= national total of that type of EV automobile 
(see Table A.12), and 

= number of automobiles in 1970 from Table 1- 17 
of Ref. A.9. Thus, the ratio 

takes into account variation 1n per capita auto 
ownership. UAs not listed 1n the referenced 
table are assumed to have the national per capi
ta ownership rates. 

(A.4) 

Each of the 18 types of electric trucks and 12 types of electric school 
buses are distributed to each UAro on a per capita basis but depending on Vm: 

and 

""IlllJk m lJk -------EVTRUCl{ . . = V NEVTRUCK.. (POPULATIONm ) 
lPOPULATIONm 
m 

(A. 5) 
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The number of conventional automobiles in UJ\n, year i, and scenario J 
is as follows: 

CVAUTOmij = NAUTOij (AUTOm ) - lEVAUTOmijk - lHVAUTOmijk 
lAUTOm k k . 

(A . 10) 

The number of CV transit buses is determined as follows: 

CVTRNBUSmij = NTRNBUSij 
(

TRNBUSm )- ~EVTRNBUS · · -"' miJk. 
lTRNBUSm k 

(A.11) 

The number of each other CV (truck and school buses) is determined 
as follows: 

CVVEl-l · · .. TinJ = NVEHij ( POPULATIONm ) - lEVVE8mijk - lHVVEHmijk. 
lPOPULATIONm k k 
m 

ALASKA IS IN REGION X 
HAWAII IS IN REGION IX 

VII 
CENTRAL 

Fig. A.8. U.S. Federal Regions 

(A.12) 
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Table A.18. Values of t h e Functions and V, and the 
Share of Total EVs by UA 

z 
0 
~ w w ::l: FUNCTIONS 0 a:: 

~ w 
z z a:: 

0 b d f V 
~ 

~ w ~ a C e I 
:::) lJ.. :::) (fJ 

1 2 NY-:1J 1.5559 0.9333 1. 2(,()0 1. 2721 0.5559 1. 1336 1 . 1276 0. 1594 
2 9 LCS A!'-lGLES 0.9113 0 . 7289 -0.0325 0. 9476. 0 . 9495 1 . 1336 0 . 7023 o.osos 
3 5 CHICAGO 0. 9699 0.&•;93 1. 3:°; ;'., i 1. 1343 1.014S 0. 9';62 1 . Q5S'1 O.C.';G8 
4 3 PHILA- TREN 1.0285 0.9550 1. 1024 0.9728 0.8333 1. 13-DS 1 . 0 14ft 0 . 03$5 
5 9 SA~! FR,~N 1. 1457 1 . 1037 0.4033 0.9185 0.9(;95 1 . 1&16 0.9525 0 . 0330 
6 5 DETROIT 0 . 4426 0 .8533 1.35<'.,5 0.9228 1.01 6..3 1. 0703 0. 'Vi32 0.031 7 
7 1 SOSTGN 0. 9699 0.8765 1. 0393 0. S7C;8 0.8653 1 . 1D06 0.935:: 0 .0191 
8 3 1-lAS,H'D-VA 0 .8528 0. 63'.:0 1.0393 0 . 9015 0.3333 1. 12~6 0.9DS'3 0. 0235 
9 5 CLEVELAND 0.9113 0.8652 1. 223(, 0.9357 1. 0Y:3 1. 132(, 1.0147 0 . 0 177 

10 7 ST LCU!S 0.8523 0 .7857 1.1Q 2(t 1.0511 0.9270 1. 1£86 0.9'.V:6 0.0163 
11 3 PITTSSURGH 1 . 262; 0 . 5013 0.2512 1 . 1305 0 .8333 1. 1606 0. 3576 0.011 1 
12 3 BAL n: :of,E 1.20<13 0.8652 0 .S-3 17 0 .3370 0.8333 1. 1f &6 o.s:,n 0 . 0133 
13 5 MI Ni';- ST p 1. 1(157 0.9783 1 . 2915 0. 9277 1. 0 i48 0.1674 0.9210 0. 0 133 
14 6 HCUSTON 0 . 9113 0.9901 1. x-G 1 0.81 22 0.9586 0.8342 0.93C3 0.014ft 
15 10 SEATTLE 1. 2629 0.5-313 0.85 02 0 . 9277 1.7179 1.1836 1. CD3 1 0. 0 11 1 
16 (+ ATLANTA 1.2629 0 . 6721 0. 7871 0 . 6685 1. 1269 1. 183;, 0.9510 0.0147 
17 4 MIAMI 1. 3801 1. 1718 1. 48% 1. Q~{,5 1. 1269 1. 1836 1.23.':-8 0.0140 
18 5 crnrn,'\TI 0. 9699 0.3fi25 1. 0073 0.9535 1 . 011;8 1 • 1-'38:', 0.9%2 0. 0104 
19 9 S1'\N DIEGO 0.5593 0.83]9 0.4719 0.9721 0 . 9495 1. 1C,:,6 0 .83:}3 O.Oi09 
20 5 MIL!·'.1,!JKEE 1. 1<157 0.2973 1. 3230 1. 1965 1.01<;,3 0.6302 0 . 93(,6 O.GC26 
21 7 KAtiS.'..S CTY 0.5012 0.8533 0. 8186 1.0~ 4 0 . 9270 1.0760 0 .3775 0.0229 
22 2 BUFFALO 1.2629 0. 9';() 1 1. 2600 1.2%0 0.5559 0. 9;:00 1 . 05i'5 0 . 0073 
23 8 DENVER 0.9113 0.9550 1. 220~1 1.0778 1.2c,21 0.9010 1.0523 0. 0104 
2<t 9 FHOEtGX 0.7356 0.9574 1. 16 5:+ 1.GGD2 0.~(95 - 0 . 0CJO 0 .8020 0.0077 
25 6 N!ci-1 Oi\LEAtl 0. 7356 0 .~S2 1. 4176 1 . 1,·271 0.9506 1. 0939 1.0022 G.0095 
26 6 DALLAS 0. 9 113 0 . 9733 1. 1024 0.4315 0. 9506 0. 70.',;3 O.St;S5 0 . 0101 
27 10 f'ORTLAt:D 0 0. 7',{;2 1.2173 O.Y;:;S 1 .1476 1. 7179 1. 1[36 1.0[.35 o. 00~~ 6 
28 4 SAN J1\L'.1 1.7903 0 . 3428 0 . 7241 1 .<1390 1. 'i269 1 . 1[ .:6 1 . 1019 0.01 02 
29 1 PRVONCF. RI 0. 7'A2 0.9106 1. 07 08 1 . 0633 0 .8653 1. F/93 0.97';6 0.0D,,3 
30 5 COLUl :oliS 0 . 9699 0.85.33 1.1%9 0 . 9(,73 1. 0 ,':3 1. 13:,:J 1.0202 0. 0012 
31 5 INDI1\t;?LIS 0 .9113 1. 1150 1. 323'.J 1 . 0321 1.0 1.';S 1. 0;:-:5 1. 0825 O. OD75 
32 4 LOUISVILLE 1. 1457 0 .8425 1 .22.S-'t 0 .3659 1.12.,9 1.:~~:6 1. ()665 0. Gr68 
33 3 t;RFL!<-PGRT 1. 0871 1. 1378 1. 4S% 0 .3999 0.83'.:3 1.18% 1. 1054 0 . 0Cl$2 
3➔ <t MEMF:~rs 1. 4337 1.0355 1.3:::61 1 .0232 1. 1269 1.0022 1. K<:S 0. 007{; 
35 5 ON(TOM 1. 1457 0.9220 1. 3230 o .ism 1 . 014S 1. 13'30 1. 0659 0 . 00$4 
36 9 S;<.CRAI IENTO 0.6770 0 .8'.;79 1 . ~-(91 0 . 9092 0. 9-'+'>5 0 . 9029 0 . 9626 0. 00:.:6 
37 4 FT LAUDRDL 0.6770 0.8765 1. 48 C6 1.0039 1.1269 1 . 1626 1. 05(,6 0 . 0066 
33 6 St) ~ AlHNIO 1. F,57 1. 0S-33 1. 1339 1 . DO Q9 0. 950:'., 0. 7 0 \3 0 . 9';'~9 0 . 0072 
39 2 ROCHESTER 1. 2043 1. 12(ilt 0.94<;7 1.24% 0 . 5559 0 . 6922 0 .%22 0.(i,151 
40 6 o:<L,\ CITY 1. 1457 0 .olJoCt 1. 29 15 0. t.) (;86 0.95G6 0.9259 0 . 96~3 O. OO ttS 
41 4 ST PTRS3R3 1 .<,973 1. C2(+2 1. 4~ ~5 G.9009 1 . 1269 1. 1&::5 1. 2031 0 . 0065 
42 5 AKRO~ 0.%$9 0.7857 1.07C3 0. 9637 1 . o 1.;3 1. 1330 0 . ')9 05 O.C045 
43 4 nu::;rns11M-i 1.0235 0. 60',0 1.0393 1. 0SS6 1. 1259 1 . w :,3 0 . 9953 0.0055 
41t 1 s ,:K::FLD Ms\ O.C528 1.0015 . 1. 03'>3 1. 1476 0.3653 0 .895(t 0 . 9670 O.O~l,2 
45 4 JCKSNVL FL 0 . 5012 0.8993 1. 4176 0.9307 1. 1269 1.1 2'1-4 1.0COO 0.0 0<,7 
46 1 Ht.RTrO"D 1.0285 0.8765 0 . 9f;".t7 0 . 8113 0 .3653 0.S'?54 0. 90Y, 0.0037 
47 2 ALG;\~lY 0.7356 0.9'+47 0.8317 1.2080 0.5559 0.6922 0 .336·+ 0.0032 
4,3 4 TAtVA 1.2629 1.0469 1. 3545 0.9C23 1. 1269 1. 1 $26 1. Jf+27 o.oo:;o 
49 8 SLT LK CTY 0.8523 0 .8311 0. 47 i9 0 . 9929 1.2,;21 1. 0303 0.<;'036 0. 0033 
50 5 TOLEDO 1.0871 0.97&3 1. 2915 1.0145 1. 01'13 1. 0703 1. 0762 0. r,cr+2 
51 7 c: :AHA 1.0871 1. 1378 0. 9<,(tl 1. 1069 0.9270 0 . 6566 0 . '?.'.:. 17 0.00'+0 
52 4 0:-':LMiDO 1. 2043 0 .6'.Vi8 1. 2915 0. 9665 1. l'.:69 1. 1(>26 1. 07(;(1 0. 005'-i 
53 3 RICHMOtiD 1.0371 0.9901 1. 1654 0 . 9265 0 .8363 1. i::.36 1.0327 O. CG40 
54 5 YN:3STOl!N 1.0371 0 .0034 1 . 1%9 0.9:>76 1 . 0 1'i3 1. 1324 1. 0329 0.0032 
55 4 NAS'lVILLE 1. 1c157 1. 02!,2 0.6926 0.6536 1.1269 1. 1G=J2 0.95i5 0.0037 
56 9 HO'.;QLULU 1 . 6731 1 . c:,96 0. 59:30 1. 1379 0. 9{;95 1. 1~86 1. 102:3 0.0039 
57 6 FT !-~ORTH 0 .8528 0 . 9788 1. 22-34 0.3890 0 .9506 0 . 7043 0 .35C6 0. 005(;. 
~ 2 SY:'(ACUSE 1. 0235 1 .0 128 1. 0393 1. 2476 0.5559 0.6922 0 . 92J 't 0 . 0023 
59 3 SCRANTO'.l 1. 3<'.101 0. 9674 0.5034 0.9537 0.8383 0 .8333 0 . 9127 O. OC25 
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Table A.18. (Cont'd) 

z 
0 
(!) w w :::. w 0 0::: <! FUNCTIONS 

0::: z z <! C 
<! w <! a b C d e f V J: 
::J IL. ::J (J) 

60 3 IHL~!NGTON 0.9 113 1. 1491 0.8-817 1.05% 0.8383 1. 11,36 1.0039 0.0033 
61 3 ALLENTO!:N 1.2or,,3 0 . 9560 0.7371 0.3617 0 .8333 0.8333 0 . 9 135 0 . 0C26 
62 6 TULS,\ 0.7356 1. 1150 1. 1969 1. 05~7 0.9506 0.9259 0. 9S(-;4 0.0031 
63 5 C?-~:O RAP0S 0. 79(;2 1 . 126<'+ 1. 13:59 1.03:.,6 1.01r;s 1.07J3 i. 0377 0.0031 
64 9 rn.:srn 1. 2043 1.0355 1.1c:::,~ 0.3413 O.S:"➔ 95 -0. CC;'.;0 8 . (}:;(,.) c.c:29 
65 4 ~ P1\LM 8Cfl 'i . 02C5 0.9333 1. C;:_'. C(', 1 . 16i'5 1. 1269 1 . 152& 1. J{;',9 o. oc,:,3 
65 5 FLHff 0 .8523 O.D-:179 1.22'.:.'f 0.9237 1.01:-,3 1 . 0703 0.9972 0 ( , fl·'/ 

, v ~ ,.C t 
67 3 NPC~T 1. 02.35 0.7970 ·1. 4SS.:'> 0. 9:\61 0. 03:;3 1 ~ , .. {> .t 

• , L_;:.:J 1 . 0,,.:,5 0 . OC31 
63 10 TACO:-i1\ 1.20(;3 0 . 7175 0 . 9763 0 .91 32 1. 7179 1. 1036 1.11S'0 0 . 00:29 
69 6 ELP,\SO 0 . S69? 1. 1332 0 . 503"t 0 . 9103 0.95:.s 0 . 773 1 O. £Si3 0.002 3 
70 7 IHCHITA 1 . :::.01 1.1373 1 . ~('.:6 1 1.c,~73 0.9270 1. 1:;:::2 1 . 1770 C.0')27 
71 6 ALCL''.'!J:C:~QE 1 . 2629 1. OSS& 0. 7D71 1 . 0~20 0.>505 0 . -,:i::'1 1 . C 1 Vi O.Gu:6 
72 (; CH,~;-?LOTTE C. 6770 0 . 7357 1.1C·24 0.5<'.;76 1. 1269 1 . 1::::6 0 . 90.'.;7 0. 0033 
73 1 ~!URCESTER 0 . 7356 0 . 957'~ 0.8502 0.%75 o .c 653 o.o(;srr 0. £.302 0 . 00 13 
74 4 G~,Ei:N'/ILLE 0.61~Ci 1.3.376 O.l-6 10 0.0715 1 . 12:}9 1. 1092 0. <.::5;y,. 0 . 0027 
75 5 so rm;o 1.2629 1. 3081 1 . 2600 1.05f,3 1. 0 F:3 0.9452 1. 1<+11 O. OC2.6 
76 9 FRES?~Q 0,3{;(;0 1. 0~6? 1 J,i76 1. 1254 0. 9(; 95 1. ;.:G6 1. 0 1g7 O.CC23 
77 6 SATO:-! ROUS 0 . 79~•2 0.7857 1 . 3'.230 1. Q(,91 0 . 95% 1. G939 0. c;ssr1 0.00'?.6 
78 7 D,\va;,GRT 1. 0371 1. 1852 1. 02-')3 1 . 07.31 0 . 9270 0.(2',5 O.<;,:,c;9 O. CJ23 
79 4 t:O:}II.E 1. 1:';57 0 .L~79 1. 2DC 0 0.9737 1 . 1269 1.()[63 1.03~ 1 O.GJ?S 
so 1 Lt-.! ~~ENC HA 0 . 7942 0 .9550 o. :;·s:::, 1.C:216 0 .C~>:13 0 .0954 0 .:::-3 '13 O. ODl9 
81 5 CMHON 1 . 0071 1.0355 0.6926 0 .2<'.:-22 1.0 1r;-3 1. 1:Y30 0.9751 0.0019 
S2 6 AUSTIN 0.9599 0.6<::1,.3 0 .2.317 1. C:<!S 0 . 9506 0.83-':2 0. %0:) 0. 0 '.}22 
83 6 SHo!EVEPCRT 0.6770 1. CGl5 ; . 3230 1.0310 0 . 9:::5 1.0939 1.02 12 O.OC26 
84 4 COLU;:JA SC 0.5012 1.3763 1. y ,:;:;. 1.0173 1. 1::.,9 1 . 1092 1. O~S(, 0 . 0'.',26 
85 5 PECiU1\ 1.0371 1. c2r+2 1. 0018 0. 997<'+ 1.01'18 0 0-,.~ 

.vi <.:.:.) 1.GG07 0. 0:,23 
86 7 D~S ~~OINES 1. 1(,57 1. 1713 1 . 13:'>9 O.786~ 0. 9270 0.62 ' 5 O.SS50 O.OC-2 1 
87 6 LTL RCc:< 0. 4',26 1. 2 740 1. B.o9 0.500'+ 0 . S'5L'5 o. s2:;~1 C . [33 1 O. G::>23 
88 3 H~~-~I£3.URG 1.20~3 o.9:so 0.2.512 0.7203 0 "' .. ,.. .• 

• 0~,--.) 1. -;;::::: 5 0. 85·~9 0.0017 
89 4 CH4TTMJC3A 1.2tY13 C. c;r;Jt7 0. 3773 0. 6(:31 1. 12.(, 9 1 . c.J22 0. 2331 O.C013 
90 4 CHi,R L rn SC 0 . 5012 1.3763 1.r; :; ;::, 1. or; oo 1. 1269 0 •'7 '7 . '/, t . 1. oc::~~ 0 .GG24 
91 9 LAS \'EG.~S 0 . 0523 1 . 0696 0.47i9 1. Ci:57 0. 9~+')5 1.01S5 o. sc:.-2 O. CG26 
92 10 SFJf(;\~~E 0 . 9113 0 . 7G S2 0 . 3 ';.: .:) 0.7187 1.7179 1. G?:: 9 0 . 9155 O. C0 14 
93 5 LA:·t~It~:3 0.7355 0 .8311 1. 2?.8~ 0 . 37(;2 1. CW~ 1.0703 0. 9591 O.C020 
94 5 R0CKf-C~D 1.3215 1 . 1605 1 . 322'.l 1.2C23 1. 01,:3 0. t:;?;-\ \ 1. 1492 O.OS25 
95 5 FT i-,.~ n,:: 1. 1457 1 . 3195 1. 26GO 1. 175-~- 1 . C 1 r.3 i . 0703 1.i6!t3 0. 0:-:21 
% 8 COLO SPRK3 1.CZD5 1. 1332 -1. 1',73 1. 3G?:8 1 . 2c,21 0.9J i0 0. 7c,.y; o. ca:20 
97 5 tl.\DIS:JN 0 . 969'.J i . 1 ',91 0.?132 0.9 571 1. C Vi3 0.&723 0.9705 0 . 001 9 
93 1 LC:~ELL MA 0.S'699 1. 2173 0 . 97i'.,3 1. 12r~2 0 .::::: 53 1. ~~3J 1. 05:,9 0.0 -1 15 
99 1 FALL RV ~A 0. 79,,2 1.02,;2 l . 1.~5(t 1 .. ,.., .. ~,... 

• • 11..,._;,/ 0 .3:,53 1. '. ?35 1. 02·A 0.00 15 
100 .-;. Js\Ci'.SON 0. 4:,2:, 0.72-':.9 1 . 22<;1+ 1. 0 3~ 5 1. 12.'.,9 0.)182 0.:; 133 0 . GC21 
101 6 C0Ri'uS CHR 1.2U;3 1.3195 1.3545 1.0757 0 <'" ·" . _.JJO 0.8::/i2 1. 1231 O.CG1& 
102 4 BILOXI 0.6770 0.7630 1.2')15 1. 152'} 1. i 2->9 0 . 9 1!',2 o.s:·:;2 0 "fl?-v, __ _ _ ) 

103 4 PENS,~CCLA 0. 9113 0. 9::50 1.2\JQD 0. 8731 1. 12:'.i9 1. C,~53 1. 0356 O.J0 17 
104 2 UTICA-~mlE 1. 1457 0.9733 0 . 0502 1. 25 70 0. 5559 0 I, ·";') 

. vJ'L._ 0 . 9150 O.CG12 
105 3 ERIE 1 . 2629 1 . 1 ;91 1. 0393 1. 1 <;~ 5 0.8333 o.c;~,s J 1. C.SS-0 C. i:0 15 
106 2 8!r;GHMPTCN 1 . 1457 0.97&3 0 J,03.:3 1. 2379 G. ~~-59 G.6922 0 .3365 0. ():) 1 i 
107 (1 COLl;'.;US GA 1 . 4337 1 . C2·i2 1.07G3 1. ()25 1 1. 1269 1. 1[.:~5 1 . ir,57 o.oc:o 
108 4 Kt:o~<VILLE 1. 0&71 1.12.32 0. (;~¥+ 0.5779 1. 1269 1.10;2 0.920'.?. 0 .C (J1 5 
109 9 BAl-(ERSFL0 0 . 3:40 1. 1378 O. U,'10 1. 1696 0. <,(,95 1 . l:~0 0 . 915 i 0.08 13 
110 5 ~.:.:N .t~RBCR 1 . 0235 1 . 2 173 1 . 133~ 0.9524 1.CK'., 1.0703 1 . (;f,';5 0 . 0) 16 
1 i 1 1 13::;ocKrn r.A 1.0205 1.0128 1. 2?C~i 1. c2:1+ O.Z053 1. 1'.:-26 1. C57l O.C0!5 
112 3 RCtDII~G PA 1 J,::~7 1 . 0923 0.6295 1. i783 0 . 83~3 1. 1[36 1. 0$10 0. Qi)~ 3 
113 4 FAYTTVL t .•r- 0 . 6770 1. 22~-6 1 .0393 0.9417 1. 1269 1. 12:06 1 . 0337 O.Ou17 
114 9 STCCf:TC/l o.es:i 1. 1378 1 . L:5't 0 . 9076 0.9 -~·,5 0.9J 2.9 0.93;'.;0 0 . 0:1 Vi 
115 3 fl:"n:srn ~:v 1. 0235 1.1C37 -0. 0·;55 1. i6f 3 0 .3333 1. i~<)S 0.37 17 0.0013 
116 1 IU,TERBY CT 1. 037 1 0.91% O.E2.?5 1. 1723 0. 8:,53 0 .2,9_:;.~, 0. 92~3 0.0012 
117 4 SA\' A(::-Jt,H 1. 3215 O.S652 1. (~so .s 0 S1i6 1. 12&9 1 . 1f8:, 1. 162:t 0 . O~l13 
118 4 LEXI:;:,rc:·l 1. 1<'.t57 1. 05~3 1. o:i'i'3 i . 1514 1 . 1269 1 '" ., C . ,_,_,J i. 11'.:(, 0 .0013 
119 4 RALEIGH 0.6770 1.2236 O.85C2 0 . 5532 1 . 1269 1 p r . ; 

• ·-·~· ::..> 0.9374 0 .0016 
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120 
121 
~22 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
1/IB 
149 
150 
151 
152 
153 
154 
155 
156 
.157 
153 

z 
0 
(!) 

w 
0::: 

Cl 
w 
LL 

3 ROANOKE 
4 GRNSBORO 
3 CHRLSTN WV 
4 !-:IN-SALEH 
8 OGDcN 
4 HUNTSVL Al 
5 EVANSVL IN 

10 EUGENE OR 
4 AUGUSTA GA 
9 SANTA BARB 
5 KALM1AZOO 
7 LINCOLN 
7 TOPE:<A 
6 LU8CCK TX 
4 HONTGOt!ERY 
5 SAGrnA\l HI 
3 LAt!CSTR PA 
2 ATUffC CTY 
1 NHJ 8~T CT 
5 CULUTH ~:N 
7 COR RAPIDS 
4 PotlCE PR 
3 YO:'<K PA 
4 MACON GA 
5 SPRtiGFD IL 
9 SMlTA ROSA 
5 GRN BAY 
5 APPLTON WI 
5 RACil1E 1-H 
7 SPRNGFD MO 
6 AMARILLO 
1 FORTLND ME 
9 MODESTO CA 
7 WATRLOO IA 
6 BEAU~!NT TX 
4 DU'.<HAM NC 

10 SALEH OR 
6 GALVESTON 
6 TEX CTY TX 

a 

1.0285 
0.7356 
1.~301 
0.55'>8 
0.384 0 
1. F+57 
1.3215 
0. 9599 
1. 2529 
0 .6770 
0.8528 
0.6770 
1.1457 
1. 1457 
1.0871 
0. 79(12 
1. 1C;57 
1.3801 
1.0285 
1.20(;3 
0.%99 
1.61(5 
1. 20.'.;3 
1. 1(;57 
1. 0285 
1. 1457 
1.1457 
1. 0871 
0.8523 
0.6770 
0.8528 
0.9113 
1.0235 
1. 0871 
1. 0285 
0.6134 
1.0285 
0.9699 
0.9699 
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Table A.18. (Cont'd) 

FUNCTIONS 

b c d 

1.2173 -0.0010 
1. 1491 1.0393 
0.8879 -0.0955 
1.2059 0.8186 
0.8879 0. 9132 
0.9220 0.4719 
1.Vi91 0.9<'t(t7 
1.2513 0.4719 
0.9560 
1.0355 
1.0128 
1.0128 
1.2513 
1. 3081 
1. 1491 
1.0696 
1.0355 
1.0015 
0.9106 
1. 1264 
1. 2854 
1. 2400 
1.06% 
0.8765 
1. 1264 
1. 1037 
0.4904 
1.2~00 
1. 1378 
1.0310 
1. 3763 
1.0·015 
1. 1491 
1.2286 
1. 2627 
1.2740 
1. 1491 
0.9901 
0. 99 0 1 

1. 1% 9 
0.6610 
1. 1339 
1. 1024 
1.0073 
1. 3861 
1.22'..Vt 
1. 35f+5 
0.9763 
1. 35'15 
0 .S5D2 
1. 1024 
1.0078 
0.03% 
0 .8SG2 
0 .85:)2 
1. 26 Ct0 
0.47 19 
1. 16Yt 
1. 2915 
1. 26~0 
1. 0 078 
1.2Sl 15 
1. OG78 
1.4176 
1. 1969 
1. r,.scs 
1.0708 
0.4719 
1. l;S06 
1.4806 

1.0394 
0.5919 
1 . 0383 
0.7065 
1. 1332 
1.2530 
1.0070 
1 . :374 
0.6297 
0.9472 
0 .8961 
1. 1165 
1.1 126 
1.0037 
1.1525 
1.0121 
0.72!14 
1.05Yt 
1. 0 161 
1.0193 
1. 1608 
1. 4(; 15 
1.3463 
1. 0873 
0.7253 
1.53~5 
1.2372 
1. (:'.~57 
1. 035S 
1. ',48 1 
0.9959 
1.0733 
1. 1768 
0.9!100 
0 .% 95 
0 .6535 
1. 1i01 
1.50(;5 
O.C;347 

e f V 

0 .8383 1. 1886 0 .&852 
1. 1269 1. 1835 0.9719 
0.8383 1.1~36 0.8729 
1.1269 1. 18% 0.93'+4 
1.2421 1. 0303 0. 9319 
1.1269 1. 0863 1. 0010 
1. 01r;.a 1.0955 1. 0393 
1.7179 1.18.36 1.1312 
1.1269 1. 1836 ·1.0602 
0. 9~95 1.1886 0.9093 
1.0Vi,8 1. 0703 0.9% 8 
0.9270 0.6866 0.9204 
0.9270 1. 1832 1.10~5 
0.9506 0 .7043 1. 0839 
1.1269 1.0B63 1. 1334 
1.0 143 0.9~62 1. 0319 
o.8383 1. 1ct6 o.98(8 
0. 5559 1. 18.06 1. OS95 
0. 3653 0.8954 0.9277 
1.0 1~0 -0.0470 0.9034 
0.9270 0.6245 0.9959 
1.1269 1.1236 1. 1070 
0 .83-33 1. 1'.>35 1. 03 30 
1.1269 1. 1f36 1.0459 
1.0148 0.8728 1. 0046 
0. 9495 1. 1~5 1.0657 
1.0143 0.5173 0.92J5 
1.0143 0.5173 1.03)➔ 
1.0108 0. 63D2 0. 9235 
0.9270 1.18G6 1.00~9 
0.9506 0.92~9 1. 0655 
0.8653 0.6~71 0.9135 
0. 9495 1.1336 1. 1520 
0. 9270 0.6245 1.0007 
0.9506 0 .83(;2 1.0877 
L 1269 1. 18;26 0. 9337 
1. 7179 1. 1:.s6 1.1110 
0. 9506 0.8342 1.1217 
0.9506 0.8342 0.9434 

TOTAL 153.00 157.99 158 . 00 153.00 157.76 153.00 157 . 96 

EVSCHBUS · · = V NEVSCHBUS · · (POPULATIONm ) ml.Jk m lJk 
lPOPULATIONm 
m 

Population 1s from Ref . A.5. 

w 
0::: 
<t 
I 
Cl) 

0.0011 
0.0016 
0.0013 
0.0015 
0. 00 F1 
0. 0018 
0.0012 
0.0016 
0. 00 15 
0.0013 
0.0012 
0.0 011 
0.0 ,112 
0. 0014 
0. 0019 
0. () [) 12 
0.0011 
0.0013 
0. 0010 
0 . 00()3 
0. 00 Vi 
0. 0014 
~. ()0 10 
0. 0013 
0. OG 10 
0. OO<tO 
0.0026 
0. 0012 
0 .0011 
0.0010 
0.0011 
0.0010 
0.0013 
0. 0011 
0.0014 
0.0010 
0.001 1 
0.0013 
0.0010 

1.00 

(A . 6) 

Each of the 12 types of electric t r ansit buses is distributed as 
follows: 

EVTRNBUSmijk Vm NEVTRNBUSijk 

(

TRNBU8m) 
;TRNBUSm 

(A. 7) 
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Table A.19. Number of Urbanized Areas by Values 
of Variation and Federal Region 

Range of Variation 

o. 7 0.8 0.9 1.0 1 . 1 1. 2 
Federal to to to to to to Row 
Regiona 0 .8 0 . 9 1.0 1. 1 1. 2 1. 3 Totalb 

I 0 2 7 3 0 0 12 

II 0 2 3 2 3 0 8 

III 0 5 5 7 2 0 19 

IV 0 1 12 13 8 2 36 

V 0 0 13 14 2 0 29 

VI 0 4 7 6 2 0 19 

VII 0 1 6 2 2 0 11 

VIII 1 0 2 1 0 0 4 

IX 1 3 6 2 2 0 14 

X 0 0 1 2 3 0 6 

Total 2 18 62 52 22 2 158 

asee Fig. A. 8. 

bNumber of UAs 10 each federal region. 

or on the basis of the 1990 number of expected transit buses of the s 1ze 
(small, large) ln the UA .A.5. 

For each of the four types of hybrid automobiles, the distr i bution 
1s as follows: 

HVAUTOmijk = NHVAUTOijk (A . 8) 

For each of the two HV trucks, the distribution 1s as fol l ows: 

HVTRUC¾1ijk = NHVTRUCK.. ( POPULATIONm ) l J k ------- • 
lPOPULATIONm 
m 

(A . 9) 
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A.6 URBAN, REGIONAL, AND NATIONAL VMT AND ENERGY TOTALS 

Tables A.20-A.29 summarize the results of distributing the national 
EHV totals to the 158 UAs. UA totals are then summed by federal region. 
These tables also present summaries of total VMT and direct energy use by 
EVs, HVs, and substitutable CVs by year and by scenario. VMT i s the product 
of the appropriate national average VMT for a particular vehicle from data 
similar to Table A.15 and the number of that vehicle projected for the 
UA. UA totals are summed by federal region and then again to get U.S. totals. 
Direct energy use is the ·product of VMT and the proper energy intensity (see 
Sec . B. 2. 2) . 

Tab l e A.20 1s the U.S. summary and presents total vehicles, total 
annual VMT, and total direct energy use by scenario and assessment year; by 
truck, bus, and auto; and by electric, hybrid, and conventional vehicle. The 
CV totals are for substitutable CVs, not the total fleet. Tables A.21-A.24 
present the same information at a slightly h ighe r level of aggregation, i.e ., 
for selected federal regions. Tables A.25-29 present the same informat ion 
for the UAs of New York-New Jersey; Los Angeles; Washington, D.C.; Miami 
(which has the largest value of V); and Waterloo, Iowa. 

Several trends can be identified . CV gasoline and diesel fuel usage 
declines in every scenario between 1985 and 1990, even though the CV fleet 
grows. Th is is because the less-efficient, pre-1985 vehicles are being 
retired. The growth in CV fuel use between 1990 and 2000 is significant in 
the LOW scenarios but slight in the HIGH scenarios, where EHVs substitute 
for about 300 billion VMT in 2000. The slight increase in CV f ue l consumption 
in the HIGH I scenario is due to increased VMT per vehicle. Actually, the 
total number of vehicles drops slightly. 

Miami is a revealing case study (see Table A. 28). Since it 1s an 
excellent place for EVs, penetration takes place rapidly in HIGH I. Between 
1990 and 2000, total vehicle population increases by 11% . EVs increase by 
2 ,526%, while CVs decline 7%. Gallons of petroleum fuels consumed by CVs do 
not change, since the increase in VMT is offset by improved fuel economy . 
This is in contrast to HIGH II, where the distribution of HVs does not depend 
on the regional variation indicator. In this case , Miami does not fare as 
well, and more gasoline is consumed by CVs in HIGH II than in HIGH I . 
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Table A. 20. U.S . Tot al Veh ic l es. VMT. and Dir ect Energya 

TOTAL VEHICLESCTHCUSANDSl 

***TRLJCi<S*** 

ELECTRICS scrnt.R rn 
LOI~ I LC!·! II ~:!:::nw1 HIGH I HI G:-l II 

1985 33 .81 33 .8 1 5{1 . 70 1 '. .5. 38 115 .33 
YEAR 199 0 128 . 90 12:LS'O 2(13.83 521 . ':5 <;:,9 .4'1 

20CO 1933.77 19c~ . n 4i:3.1 1 12927.11 8730 .65 

HYBRIDS SCCllMUO 
LO:~ I LC II Mrn:u:1 HIGH I 1-:I:i:I II 

19C5 0. 00 12.50 O. C;J O.CO 0. O:l 
YE,-\R 1990 0. 00 63 .70 0. 00 0. 00 61.60 

2GOC 0.00 1372 .93 0.00 o.co 52% .~5 

CO'.NEtffICNALS gcEN~RIO 
to:.: I LW E r-::::ori.;:-i HIS!~ I H!GH II 

19S5 33415.24 33'.,,-02 .21 333% .32 33333.71 33333.71 
YEAR 1990 37010 . 75 3595 1. 77 3~:95 .35 3S617 .03 365 i7 .s<, 

2000 40969 . 67 39636 .67 3:473.23 2,9:;5 . 0<1 2',·",72 .59 

***BUSC:S-* 

ELECTRICS SCENf.r:IO 
LO:~ I Lr •' '- . II H::OW: 1 HIGH I HIGH II 

1985 0. 00 c.co O. GO 1.99 1. 99 
YEAR 19SO 9 .54 9 . :. .'.i 39 .Z') 79.55 71.60 

2000 59.63 5C: .G3 1o9 . o 1 2<'.;3 .70 120. 16 

HYBRIDS SCEN.'.'.::O 
LG:~ I LC'~ II MEDil::-1 li IGH I HIGH !I 

1935 C.00 0 .!JO G. 00 0. 00 0.0'.; 
YEAR 1990 0.00 0. 00 0 . co 0. co 0.00 

2000 0.00 0. CJ C. 00 0. 00 0.00 

CONViaNTICNALS SCE:;:8IO 
LO,l - LC:! II tlEDIL'M HI G!l ! HIG'.~ II 

11>85 468.97 %S.97 ~;S3 . 97 46:'.,. 98 466 . 9S 
YEA~ W)O 510.02 5C5 .(2 4GO . :9 4,;3,<,C 4--:J . 35 

2JOO 516.23 476 . 33 ~ :'.,.S'S 351.26 350 .60 

***CARS*** 

ELECTRICS SCEN,\~IO 
LO!~ I LC:~ II f.EOIU:-1 HIGH I HIGH II 

1935 19.74 19.74 29 .63 49.31 49.31 
YEAR 1990 63.M 6S .S? 123.27 345.c9 294. 25 

2000 926.S9 925 .S9 3017.01 10597 . OCf 6cS7 .2r1 

liYBRIOS SCENA?.!0 
LOW I LC;.J II HEDW:-1 1-:IG'-l I HIGH II 

1935 0. 00 7. 4!1 0.00 0. 00 0. 00 
YEAR 1990 0.00 31.[0 0 .00 o. co 52. 40 

2000 0.00 625 .56 o.co 0.00 2316 .2!> 

CONVENTIONALS SCENt'-.fUO 
LO:! I LQ\,/ II ME'.J IU'.·1 HIGH I HIGH II 

1985 113472 .!JO 113465.00 113',52 . 31 113;c,z, 9c, 113<142 . 94 
YEAR 1990 11%:2. 75 119590 .rn 119556. 75 1193'!£> .&3 11S3';5.31 

2000 1326!>4 .63 132035.75 130573.69 120~9.~1 120:;3fl. 06 
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Table A.20 (Cont' d) 

TOTAL ANNUAL VMTHIILLIONS l 

***TRUCKS*** 

ELECTRICS SCENARIO 
L0'.·1 I Lml II MEDIUM HIGH I HIGH II 

1985 270.52 270.52 437 .56 922.% 922.96 
YEAR i990 1044. 14 i044. 14 2011 .31 4693 .52 t,Ft5.64 

20GO 183.91.57 1&391.57 5:IB23. 76 165(,1➔• 06 107777.06 

HYBRIDS SCENARIO 
LOH I LOll II MEDIUtl HIGH I HIGH II 

1985 0.00 1(f9 .81 0.00 0 .00 (LOO 
YEAR 1990 0.00 796. 23 0 . 00 0.00 770.60 

2000 0.00 18974.55 0.00 0.00 7399 1.81 

CONVENTIONAL$ SCEN;\RIO 
LO:·l I LOll II MEDIUM HIG!-l I HIGH II 

1985 397303.69 397149 . 44 397055.31 3%333. 19 396333 . 19 
YEAR 19i0 462631.38 461393.81 460819.63 45~036.31 453032.69 

2000 566198.44 547776 . 50 534391.38 (119028. 56 418715.75 

***BUSES*** 

ELECTRICS SCENA:UO 
LOH I LOrl II HEOIUH HIGH I HIGH II 

1985 0.00 0.00 0.00 12.57 12.57 
YEAR 1990 69.97 69.97 281.33 626 .64 560.31 

2000 465.53 465.53 1693.45 2566. 18 1235 .20 

HYBRIDS SCEM~RIQ 
LOH I Lml II MEDIUH HIGH I HIGH II 

1935 0.00 0.00 0.00 0.00 0 .00 
YEAR 1S'90 0 .00 0.00 o.eo 0.00 0.00 

2000 0.00 0.00 0. 00 0.00 0.00 

CCNVENTIONALS SCEN1\RIO 
L0!-1 I LO!l II MEDIU;1 1-oIGH I HIGH II 

1935 4(!.82. <)() 4(1S2 . 90 4(;32. 90 4470. 40 4!:-70 .40 
YEAR 1990 {~37 . 50 4793.89 4S30 . 00 42S"t. 79 4272 . 94 

2000 55SO .89 5149.61 4353 .29 4095.94 4035 .74 

***CARS*** 

ELECTRICS SCENARIO 
LOW I Lo:~ II M::OIU:-1 HIGH I HI GH II 

1985 173.00 173.03 267 . 11 450.34 450. 3<+ 
YEAR 1990 641.33 646. 36 1204.14 3::67.93 3025.35 

2000 9959.20 10927.56 36202.86 131899. 13 79<';15.50 

HYBRIDS SCENARIO 
LO~ I LC!l II MEOIU11 HIGH I HIGH II 

1985 0.00 74.22 0.00 0. 00 0. 00 
YEAR 19'i0 0.00 346. 91 0.00 0.00 572. 18 

2000 0.00 7943 .49 0. 00 0.00 35682.00 

CONVENTIONALS SCENARIO 
L0:-1 I LG~ II HEDIUM HIGH I HIGH II 

19S5 1138149.00 113SOSO. 00 1133050 . 00 1137853.00 11373'33 .00 
YEAR 1990 1305077.00 130t+731 .00 130~1191. GO 1303262.00 1303251. CO 

2000 1683482.00 1672905.00 1655%8.00 1534084.00 1531003.00 
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Table A.20. (Cont'd) 

IQI£!L At{NUAL Kl-:H AT THE PO:-l:::R PLANT! MIL LIO:-,S l 

***TRUCKS**"' 

ELECTRICS scrnARIO 
LOl-l I LO!l II MEOIU~1 HTr-" .1,. ,.;!1 I HIGH II 

1)35 2% .22 2%.22 3S4.23 832 J,3 S324 43 
YE.o.R 1990 8i9.11 S 19. 11 1529.90 3723.83 32]/t.65 

2000 13261.55 13251.55 37659.99 12~~53.CO 80250.31 

HYBRIDS SCENARIO 
LCl-1 I LO:l I! 1-'.::0IUM HIGH I H!Grl II 

1985 O.O!l 149.CS 0.00 0.00 0.00 
YEA:<. 1990 0.00 6$2.Yl 0.00 0.00 532.95 

20~0 o.co 1(t 120. 77 0.00 0.00 50{1S6 . 70 

***BUSES-A** 

ELECTRICS SC:tt\RICJ 
LC:--1 I LC:1 !I MEDIUM HIGH I HIGH II 

1935 0.00 0 .00 0.00 19. 97 19.97 
YEAR 1990 98.33 98.03 533.45 1530.3-3 1~SSJ,6 

2000 1235.57 1235.57 {,310. 77 7717. % 33i9.12 

HYBRIDS SCE~:~.~IO 
L0,1 I Lr•• 1 '-,,\, II McDIU!-1 HIGH I HJG:➔ II 

19S5 0.00 0.00 0.00 o.co G.00 
YEAR 1990 0 . 00 0.00 o.co C.00 O. GO 

2000 0.00 0.00 o.co a.co O.GO 

lOtltCARS*** 

ELECTRICS scEt:~rno 
L0!-1 I LQ'! I! MEiJIU~ HIGH I HIGH II 

1935 75.72 75 . 63 117.23 1SS ."-12 FS.42 
YEAR 19SO 239.78 239.43 4::2.32 1335. 15 11~4.69 

2COO 3396.57 365,.15 1235;, 73 46169.::9 27531.53 

HYBRIDS SC::N,':RIO 
LC'.-1 I LC'.! !I MEO!L'H HIGH I HIGH r::: 

1985 0.00 37 . 15 0.00 0.00 0.00 
YEAR 1S-i0 0.00 F16.35 o .:io 0. CG 193 .C9 

2000 0.00 2993.02 0.00 o.co 10773 . .su 

TOTAL ANNUAL GALLCNSCMILLIOHSJ 

HYBRIDS SCENt-RIO 
L0:-1 I LC'., II MEDIL!:1 HIG!-! T 

J. HIGH II 
1935 o.co 2.32 0.00 0.00 O.GO 

YEAR 1990 0.0() 10.91 0.00 0.00 9,<;4 
2000 0.00 2(t4. 77 0. Ou o.oc 9C2.72 



132 

Table A.20 (Cont'd) 

CONVENTIONALS SCENARIO 
LOI~ I LOW II MEDIUM H!GH I HIGH II 

1%5 23840. 73 2333 i .97 23&26.33 237M.S5 237G4 .85 
YEAR W,O 24750.82 24712.51 2%:2.95 2'.SG'9 . 18 2r,sos . 97 

2000 28573. 15 27664. 18 26962.39 211 38.45 21122.77 

lOBtE',USES*** 

HYBRIDS SCENARIO 
LOH I LO:~ II MEDI UM HIGH I H! GH II 

1985 0.00 0 . 00 0. 00 0. 00 0.00 
YEAR 11>90 0.00 0. 00 0. 00 0. 00 O. GO 

2000 0. 00 0.00 0. 00 0.00 o.co 

CONVENTIONALS SCEN!.~IO 
LC:~ I LCi~ II MEDIUM HIGH I HIGH II 

1985 710.64 710.64 710.64 709 .56 709 .% 
YEAR 1990 762. 12 757.76 739 .57 688.16 686.2$ 

2QOO 882.70 820 . .39 691. 00 647.54 633.01 

***CARS*** 

HYBRIDS SCENARIO 
LCW I LO:l II H!:DIUH HIGH I HIGH II 

1935 0.00 1. 28 0.00 0.00 0.00 
YEAR 19~0 0. 00 5. 24 0. 00 0. 00 11. 01 

2000 0.00 114.39 0. 00 0. 00 654.74 

CONVENTIONALS SCEN:~RIO 
L0!-1 I Lm II MEDIUM HIGH I ll IGH II 

1985 62328 . 18 62324.54 62323. 04 62312 .61 62312.61 
YEAR 1990 61341 .47 61325.42 61314.27 61 ;:; S.71 6125S.37 

2000 7529S. 75 74831. 06 7413i .56 68530.31 68393.33 

8 CVs include only those vehic l e s for which EHVs could substitute . 
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Table A.21. Total Vehicles, VMT, and Direct 
Energy for Federal Region ra 

TOTAL VEHICLES(THO~SAN!lSl 

ELECTRICS 

1985 
YEAR 1990 

2000 

lfYBRIDS 

1935 
YEAR 1990 

2000 

CONVEHTIONALS 

1985 
YEAR 1990 

2000 

LOW I 
2.19 
8.51 

122.46 

LOW I 
0.00 
0.00 
0.00 

LOW I 
5799.91 
6193.75 
6866.29 

TOTAL ANNUAL VttTIHILLIQNSl 

ELECTRICS 

1985 
YEAR 19~0 

2000 

HYBRIDS 

1965 
YEAR 1990 

2000 

CONVEHTIONALS 

1965 
YEAR 1990 

2000 

LOW I 
18.07 
71.74 

1202. 10 

LOW I 
0.00 
0.00 
o.oo 

LOW I 
60901.62 
70135.31 
89132.94 

SCENARIO 
LOW II 
2. 19 
8.51 

122.46 

SCENARIO 
LOW I! 

0.84 
4. 01 

84.23 

SCENARIO 
LOW II 

5799.07 
6189.74 
6782.11 

SCENARIO 
LO:.t II 
18. 07 
71.93 

123S. 16 

SCENARIO 
LOH II 
9.42 

46.24 
1137.22 

SCENARIO 
LOil II 

60892.35 
70087.69 
87901.69 

MEDIUM 
3.45 

16.75 
322.96 

MEDIUM 
C.00 
0.00 
0.00 

MEDIUM 
5793.64 
6165.50 
6676.10 

HEDIUM 
28. 75 

143. 16 
3730.94 

HEDIUH 
0.00 
0.00 
0.00 

HEDII.JM 
60e87.47 
70026.38 
86735.CO 

TOTAL ANNUAL KUH AT THE POWER PLAHT( MILLIONS~ 

ELECTRICS 

1965 
YEAR 1990 

2000 

lfYBRIDS 

1985 
YEAR 1990 

2000 

LOW I 
13.40 
46.36 

747.46 

LOW I 
0.00 
0.00 
0.00 

TOTAL ANN\/AL GALLQNSIMILLIQNSJ 

HYBRIDS 

1985 
YEAR 1990 

2000 

COHVEHTIONALS 

1935 
YEAR 1990 

2000 

LOW I 
0.00 
0.00 
0.00 

LOW I 
344$.25 
3451.25 
4156.95 

SCENARIO 
LOW II 
13.40 
48.34 

757.26 

SCENARIO 
LOW II 
7.93 

34.72 
735.68 

SCENARIO 
Lml II 
0.15 
0.66 

15.12 

SCENARIO 
LOH II 

3445.73 
3448. 76 
4096.29 

MEDIUM 
21.31 

104.95 
2277 .14 

MEDIUM 
0.00 
0. 00 
0.00 

HEDIUM 
0.00 
0.00 
0.00 

MEDIUM 
3445.44 
3445.07 
4036.54 

HIGH I 
6.88 

38.62 
960.57 

HIGH I 
0.00 
0.00 
0.00 

HIGH I 
5795.23 
6163.67 
5947.99 

HIGH I 
56.97 

351. 00 
12129.04 

HIGH I 
0.00 
0.00 
0.00 

HIGH I 
6064S.56 
6~850.63 
77172.68 

HIGH I 
44.02 

273.0~ 
7352.38 

HIGH I 
0.00 
0.00 
0.00 

HIGH I 
0 .00 
0.00 
o.oo 

HIGH I 
3443.22 
3434.60 
3574.94 

HIGH II 
6.88 

34.12 
636 . 71 

HIGH II 
0.00 
4. 70 

340.18 

HIGH II 
5795.23 
6163.52 
5937 .64 

HIGH II 
56 .97 

314. 19 
7641.16 

HIGH II 
0.00 

55.66 
4613.32 

HIGH II 
60846.56 
69646.38 
76940.94 

HIGH II 
44.02 

240.68 
4617.03 

HIGH II 
0.00 

33.00 
2614.78 

HIGH II 
0.00 
0.86 

64.61 

HIGH II 
3443.22 
3434.63 
3563.70 

aCVs include only those vehicles for which EHVs 
could substitute. 
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Table A.22. Total Vehicles, VMT, and Direct 
Energy for Federal Region Illa 

TOTAL VEHICLESCTHOUSAHOSl 

ELECTRICS SCENARIO 
LOH I LOH II HEOIUH HIGH I HIGH II 

1985 6. 10 6. 10 9 .61 19.01 19.01 
YEAR 1990 23.58 23.58 46.31 107.62 95. 14 

2000 339 .46 339.46 902.52 2701.42 178&.53 

HYBRIDS SCENARIO 
LOW I LOH II HEDIUM HIGH I HIGH II 

1985 0.00 2.34 0.00 0.00 0.00 
YEAR 1990 0.00 11.18 0.00 0.00 13.28 

2000 0. 00 234.27 0.00 0.00 949.44 

CONVENTIONALS SCENARIO 
LOH I LOW II HEDIUl1 HIGH I HIGH II 

1985 16946.00 16943.66 16942.50 16933. 13 16933. 13 
YEAR 1990 1M78.47 18067.35 18055.76 17994. 39 17993.95 

2000 20042.83 19808.52 19507.59 17440.69 17408.25 

TOTAL Al\'NUAL VHTCHILLI ONS l 

ELECTRICS SCENARIO 
LOH I LO:.l II HEOIUH HIGH I HIGH II 

1985 50 .47 50.47 80.22 157.97 157.97 
YEAR 1990 199.52 200. 08 397 .62 1011.39 879.34 

2000 3342. 18 3450. 18 10437.90 34084.70 21425.02 

HYBRIDS SCENARIO 
LOH I LOI< II HEDIUH HIGH I HIGH II 

1985 0.00 26.24 0.00 0.00 0.00 
YEAR 1990 0.00 134.03 0.00 0. 00 156 .63 

2000 0. 00 3157 . 04 0.00 0.00 12846.81 

CONVEKTIOHALS SCENARIO 
LOH I LO!, II HEOIUl1 HIGH I HIGH II 

1985 177316.63 177292. 19 177278.75 177172 .31 177172.31 
YEAR 1990 204132.94 204000.44 203634.56 203347.56 203341. 19 

2000 259727.69 256233.88 252981. 94 225892.06 225177 .00 

TOTAL ANNUAL KWH AT THE POWER PLANT(NILLIONSl 

ELECTRICS SCENARIO 
LOH I LOW II HEDIU11 HIGH I HIGH II 

1985 36.82 36.81 58.51 120 .26 120.26 
YEAR 1990 131. 96 131. 93 287 .76 757. 15 666.99 

2000 2052.89 2082. 17 6288.82 20319.30 12726 . 32 

HYBRIDS SCENARIO 
LOW I LOW II MEDIUM HIGH I HIGH II 

1985 0.00 21.93 0.00 0. 00 0.00 
YEAR 1990 0.00 95.29 0.00 0.00 91.19 

2000 0.00 2017 .67 0.00 0.00 7172.52 

TOTAL ANNUAL GALLONSIHILLIONSl 

HYBRI DS SCt NARIO 
LOH I 'LO~ II MEDIUM HIGH I HIGH II 

1985 0.00 0.42 0.00 0.00 0.00 
YEAR 1990 0.00 1.89 0. 00 o.oc 2. 43 

2000 0.00 42.08 0.00 0 .00 181.72 

CONVEKTIONALS SCENARIO 
LOH I LOW II MEDIUM HIGH I HIGH II 

1985 10014.75 10013.28 10012.50 100C6.46 10006.46 
YEAR 1990 10016 .77 10009 .91 9999.91 9971.39 9970.88 

2000 12081 .30 11912.04 11743.50 10439 .30 10404.66 

aCVs include only those vehicles for which EHVs 
could substitute. 
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Table A. 23. Total Vehicles, VMT. and Direct 
Energy for Federal Region va 

TOTAL VEHICLES!THOUSAh~Sl 

ELECTRICS SCENARIO 
LOW I LO,l II MEDIUM HIGH I HIGH II 

1985 11.39 11.39 17.93 35.42 35 .42 
YEAR 1990 44.00 44 . 00 86.33 201.35 177 .59 

2000 632.76 632. 76 1686 .14 5056.76 33~.05 

HYBRIDS SCENARIO 
LOW I LOW II MEDIUl1 HIGH I HIGH II 

1985 0.00 4.18 O.OQ 0.00 0.00 
YEAR 1990 0.00 19.96 0.00 0. 00 23.60 

2000 0.00 417.82 0.00 0. 00 1695.39 

CO~ENTIONALS SCENARIO 
LOW I LOH II MEDIUM HIGH I HIGH II 

1935 30712.26 30703.06 30705.71 3068S.26 306:18.26 
YEAR 1990 32753. 13 32733. 18 32110 .eo 32596 . 02 32596.23 

2000 36287 .21 35869 .34 35282. 91 31422.93 31438.20 

TOTAL ANNUAL VMTnlILLIOf.'S) 

ELECTRICS SCENARIO 
LOW I LOW II MEDIUM HIGH I HIGH II 

1985 94.32 94. 33 149.68 294 .60 294.60 
YEAR 1990 372.66 373.73 742.25 1891.02 1643.59 

2000 6234.69 6440.64 19510.22 63803. 79 40085. 15 

HYBRIDS SCENARIO 
LOW I LC\.l II MEDIUM HIGH I HIGH II 

1985 0.00 46.82 0. 00 0.00 0.00 
YEAR 1990 0.00 23S.96 0.00 0.00 280.47 

2000 0.00 5627 . 13 0.00 o.co 22922.75 

CONVENTIONALS SCEtl~RIO 
LOH I LO:.l II HEOIUH HIGH I HIGH II 

1985 321012.31 320964 .94 320937 .94 320740.00 320740.00 
YEAR 1990 369503.13 369267 .50 368950. 94 366026 . 13 368025. 75 

2000 469965. 00 463813 . 13 457272.06 406668.81 406359 . 75 

TOTAL ANNUAL KI./H AT THE POWER PLAITT!MILlIONS) 

ELECTRICS SCENARIO 
LOW I LOW II HEOIUH HIGH I HIGH I I 

1985 68.45 68.45 106.77 223 .29 223.29 
YEAR 1990 245 .30 245.23 534. 12 1405.31 1237.73 

2000 3610 .24 3366 .10 11683.68 37303.80 23669.74 

HYBRIDS SCENARIO 
LOW I LO:.l II MEDIUM HI GH I HIGH II 

1985 0.00 33.95 0.00 0.00 0. 00 
YEAR 1990 0.00 169. 18 0.00 0.00 162.28 

2000 o.oo 3581 .48 0. 00 0.00 12732.46 

TOTAL ANl\'UAL GALLONS(HILLIOHSl 

HYBRIDS SCENARIO 
LOW I LOH II MEDIUM HIGH I HIGH Il 

1985 0.00 0.75 0.00 0.00 0. 00 
YEAR 1990 0. 00 3.37 0.00 0.00 4.37 

2000 0.00 75.07 0. 00 0. 00 325. 31 

COtNEHTIONALS SCEH~RIO 
LOW I LOH II MEDIUM HIGH I HIGH II 

1985 18116.02 18113.45 18111.88 18100.61 18100. 61 
YEAR 1990 16111 .70 18099.46 13080.~ 18026 .54 18026 . 25 

2000 21837 .54 21535.57 21202.86 18769.27 18755. 07 

aCVs include only those vehicles for which EHVs 
could substitute. 
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Table A . 24. Total Vehicles, VMT, and Direct 
Energy for Federal Region xa 

TOTAL VEHICLESCTHOUSAHOS) 

ELECTRICS SCENARIO 
LOW I LOW II MEDIUM HIGH I HIGH II 

1985 1.46 1. 46 2.30 I 4.58 4.58 
YEAR 1990 5.83 5.88 11 .80 26.82 23.66 

2000 81.55 81.55 217.56 652.95 432.20 

HYBRIDS SCENARIO 
LOH I LOH II MEDIUM HIGH I HIGH II 

1985 0.00 0.50 0. 00 0.00 C.00 
YEAR 1990 0.00 2.40 0.00 0.00 2.87 

2000 0.00 50 .17 0.00 0. 00 203.84 

CONVEHTIONALS SCENARIO 
LOW I LOW II HEOIUM HIGH I HIGH II 

1985 3752.82 3752.32 3751. 98 3749.70 3749. 70 
YEAR 1990 4000 .68 3958. 18 3994. 78 3979 .79 3980 .02 

2000 4427 .37 4376.94 4297 . 19 3802.08 3818.01 

TOTAL A~'li\/AL YHJ!MILLIQHSl 

ELECTRICS SCENARIO 
LOW I LOH II t-:EDIUl1 HIGH I HIGH II 

1985 12.13 12 .13 19.27 38.08 38. 08 
YEAR 1990 49.63 49.77 100 .47 250.80 218.08 

2000 803.64 830.79 2516.66 8232.71 5170.38 

HYBRIDS SCENARIO 
LOW I LO~ 11 HEDIUH HIGH I HIGH II 

1985 0.00 5.63 0.00 0.00 0.00 
YEAR 1990 0.00 26.68 0.00 0.00 33.82 

2000 0.00 675.25 0.00 0.00 2753.84 

CONVEHTIONALS SCENARIO 
LOW I LOI-I II H£0Itr.1 HIGH I HIGH II 

1985 39179 .23 39173 . 60 39169.77 39144.08 39144. 08 
YEAR 1990 450&9.45 45060. 14 45014.82 44890.86 44893. 17 

2000 57303.26 56560.53 55652.79 49159.18 49308.37 

TOTAL AHt\'UAL KWH AT THE PO,lER PLANT( HlLLIONSl 

ELECTRICS SCENARIO 
LOW I LOW II MEDIUM HIGH I HIGH II 

1965 8 .75 8.75 13.90 28.95 28.95 
YEAR 1990 33.77 3"!..77 75 .02 188. 93 166 .48 

2000 489.79 497. 15 1499.04 4845.66 3036.44 

HYBRIDS SCEN'AR!O 
LOH I LOW II MEDIUM HIGH I HIGH II 

1985 0.00 4 .66 0. 00 0.00 0.00 
YEAR 1990 0.00 20.21 0.00 0. 00 19.44 

2000 0.00 427 .82 0.00 0.00 1521. OS 

TOTAL ANNUAL §ALLCHSCMILLIONSl 

HYBRIDS SCENARIO 
LOW I LOW II HEOIUH HIGH I HIGH II 

1985 0.00 0.09 0.00 0.00 0.00 
YEAR 1990 0.00 0.41 0.00 0.00 0.53 

2000 0.00 9.02 0.00 0.00 39.22 

CONVENTIONALS SCHIAR!O 
LOH I LOI-I II HEDIIJI-I HIGH I HIGH II 

1935 2209.52 2209.21 2208 .99 2207.51 2207 .51 
YEAR 1990 2207.83 2206.31 2203.46 2196.20 2196 .30 

2000 2659. 93 2623 .40 2577 .41 2265.57 2273.01 

8
CVs include only those vehicles for which EHVs 
could substitute. 
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Table A. 25. Total Vehicles, VMT, and Direct 
Energy for New York-New Jerseya 

--- --- ---- --------- - --- ---··-----
TOTAL VEHICLES<THOUSANDSl 

ELECTRICS 

1985 
YEAR 1990 

2000 

HYBRIDS 

1985 
YEAR 1990 

2000 

CO!-IVEHTIOHALS 

1985 
YEAR 1990 

2000 

LOI-I I 
7.86 

30.54 
442. 79 

LOH I 
0.00 
0.00 
0. 00 

LOW I 
17091 . 36 
18269.43 
20194.66 

TOTAL ANNUAL VHTCHILLIOHS) 

ELECTRICS 

1985 
YEAR 1990 

2000 

HYBRIDS 

1985 
YEAR 1990 

2000 

LOW I 
64.77 

256.69 
4333.6!, 

LOW I 
0.00 
0.00 
0.00 

SCEHA~IO 
LO;! II 
7.86 

30.54 
442.79 

SCENARIO 
LOW II 
2.SS 

12.45 
261. 98 

SCENARIO 
LOW II 

170CS. 77 
18257.05 
19932.84 

SCENARIO 
LOW II 
64.78 

257.31 
4453.62 

SCENARIO 
LO:.! II 
29.23 

150. 19 
3543.88 

COHVEHTIONALS S:EHARIO 

HEO!UM 
12.43 
60.21 

1159 .96 

MEDIUM 
0.00 
0 .00 
0.00 

l-:EDIUl1 
170S6. 79 
18239 . 77 
19510.68 

HEOIUH 
103.20 
512.97 

13376.97 

HEDIUH 
0.00 
0.00 
0.00 

LOW I LOW II HEDIUl1 
1985 180181.44 180152.00 180129.38 

YEAR 1990 207533.19 2073e5.69 207145.19 
2000 262638.13 25-e826.&8 253937.50 

TOTAL ANNUAL KWH AT THE POHER PLANT(HILLICNSl 

ELECTRICS 

1985 
YEAR 1990 

2000 

HYBRIDS 

1985 
YEAR 1990 

2000 

LOW I 
48.82 

175. 00 
2743. 13 

LOW I 
0. 00 
0.00 
0.00 

TOTAL Atfil\JAb GALLONS(HILLIONSl 

HYBRIDS 

1985 
YEAR 1990 

2000 

CONVENTIONALS 

1985 
YEAR 1990 

2000 

LOH I 
0.00 
0.00 
0.00 

LOH I 
10228.00 
10255.31 
12293.93 

SCENARIO 
LOW II 
48.82 

174 . 96 
2775.66 

SCENARIO 
LOW II 
25.10 

109.51 
2321.49 

SCEHARIO 
LOW II 

0.47 
2. 11 

47 .01 

SCENARIO 
LOH II 

10226.37 
10247 .61 
12105.32 

HEDIUH 
77.69 

382.26 
8341.51 

MEDIUM 
0 .00 
0.00 
il .oo 

HED!UM 
0.00 
0.00 
0.00 

HEOIUH 
10225.06 
10233.11 
11852.90 

HIGH I 
24.88 

138.58 
3424.27 

HIGH I 
0. 00 
0.00 
0.00 

HIGH I 
17074 .34 
18161 . 53 
16984.23 

HIGH I 
205.46 

1290.74 
43264. 03 

HIGH I 
0.00 
0. 00 
0.00 

HIGH I 
179987.56 
206~57.31 
220600.56 

HIGH I 
160 .82 

1002.95 
26783.21 

HIGH I 
0. 00 
0.00 
0.00 

HIGH I 
0.00 
0.00 
0.00 

HIGH I 
10216.97 
10193.23 
10238.86 

HIGH II 
24.88 

122. 61 
2271.25 

HIGH II 
0.00 

14.39 
1054. 16 

HIGH II 
17074 .34 
18163.33 
17114.17 

HIGH II 
205.46 

1124.48 
27304.96 

H!GH II 
0.00 

170.98 
14329. 70 

HIGH II 
179987 .56 
205486.63 
222077 .00 

HIGH II 
160.82 
884.42 

16621. 96 

HIGH II 
0.00 

103.35 
8249 .46 

HIGH II 
0.00 
2.60 

198.61 

HIGH II 
10216.97 
10194. 13 
10312. 72 

aCVs include only those vehicles for which EHVs 
could substitute. 
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Table A.26. Total Veh icles, VMT, and Direct 
Energy for Los Angelesa 

TOTAL VEHICLESCTHOUSAHOSl 

ELECTRICS 

1985 
YEAR 1990 

2000 

HYBRIDS 

1985 
YEAR 1990 

2000 

CONVENTIONAL$ 

1985 
YEAR 1'190 

2000 

LOI< I 
3.52 

13.59 
193.55 

LOW I 
0.00 
0.00 
0.00 

LOW I 
13185.57 
14043.02 
15612.40 

TOTAL ANNUAL VHTCHILLIONS) 

ELECTRICS 

1985 
YEAR 1990 

2000 

HYBRIDS 

1985 
YEAR 1990 

2000 

CONVENTIONALS 

1985 
YEAR 1990 

2000 

LOW I 
29.30 

115.76 
1917.73 

LOW I 
0.00 
0.00 
Q, QO 

LOW I 
137069.81 
157735.31 
201665.25 

SCENARIO 
LOW II 
3.52 

13.59 
193.55 

SCENARIO 
LOW II 

1.67 
7.91 

164.99 

SCENARIO 
LOii II 

13183.91 
14035.08 
15447.47 

SCENARIO 
LOW II 
29.30 

116. 13 
1989. 12 

SCENARIO 
LOW II 
18.55 
94.18 

2214.33 

SCEtlARIO 
LOJ.l II 

137051.31 
157641. 94 
199234.94 

HEOIUH 
5.53 

26.54 
522.25 

HEO!Utt 
0.00 
0.00 
0.00 

HEDIUH 
13183.57 
14030.10 
15301.93 

HEDIUH 
46.45 

229.76 
6060.64 

HEOil.1!1 
0.00 
0.00 
0.00 

HEOIUH 
137047.31 
157562.75 
197820.44 

TOTAL ANNUAL KWH AT THE POWER PLANTlHILLIONSl 

ELECTRICS 

1985 
YEAR H90 

2000 

HYBRIDS 

1985 
YEAR 1990 

2000 

LO\.I I 
20.64 
74.30 

1134.18 

LOW I 
0.00 
0.00 
0.00 

TOTAL AHHUAL GALLOHSCHILLIONSl 

HYBRIDS 

1985 
YEAR 1990 

2000 

CONVENTIONAL$ 

1985 
YEAR 1990 · 

2000 

LO\.I I 
0.00 
0.00 
0.00 

LOl-l I 
7702.05 
7686.78 
9323.69 

SCENARIO 
LO\.! II 
20.64 
74.28 

1153 .54 

SCENARIO 
LO~ II 
15.05 
65.12 

1376.98 

SCEt-!ARIO 
LOW II 

0.30 
1.34 

29.67 

SCENARIO 
LC:-1 II 

7701.04 
7661 .94 
9204.41 

HEOIUH 
32.75 

159.96 
3494.84 

HEDIUH 
0.00 
0.00 
0.00 

MEDIUM 
0.00 
0.00 
0.00 

HEDIUH 
7700 .60 
7677.22 
9133.58 

HI6H I 
10.82 
62.30 

1536. 92 

HIGH I 
0.00 
0.00 
0.00 

HIGH I 
13176.27 
13994.43 
14023.05 

HIGH I 
90.47 

5S9.06 
19998.56 

HIGH I 
0.00 
0.00 
0.00 

HIGH I 
136987.88 
157320.S-3 
181182.81 

HIGH I 
66.85 

417.45 
11417.85 

HIGH I 
0.00 
0.00 
0. 00 

HIGH I 
0.00 
0.00 
0.00 

HIGH I 
7697.43 
7663. 18 
8336.41 

HIGH II 
10.82 
54.82 

1049.09 

HIGH II 
0.00 
9.66 

673.79 

HIGH II 
13178.27 
13992.35 
13873.12 

HIGH II 
90.47 

511.03 
12522. 94 

HIGH II 
0.00 

113. 14 
9072.43 

HIGH II 
136987.88 
157296 .00 
176959. 13 

HIGH II 
66.85 

367.22 
7141.33 

HIGH II 
0.00 

63.29 
4897. 16 

HIGH II 
0.00 
1.80 

131.09 

HIGH II 
7697.43 
7661.75 
8228.80 

aCVs include only those vehicles for which EHVs 
could substitute. 



139 

Table A.27. Total Vehicles, VMT, and Direct 
Energy for Washington, D.c.a 

TOTAL VEHICLES<THOUSAHOSJ 

ELECTRICS 

1985 
YEAR 1990 

2000 

HYBRIDS 

1985 
YEAR 1990 

2000 

CONVENTIONALS 

1985 
YEAR 1990 

2000 

LOW I 
1.24 
4.79 

69.07 

LOW I 
0.00 
o.oo 
0.00 

LOW I 
3627.81 
3871.20 
4295.78 

TOTAL ANNUAL VMT(l11LLIONSl 

ELECTRICS 

1985 
YEAR 1990 

2000 

HYBRIDS 

1985 
YEAR 1990 

2000 

CONVENTIONALS 

1985 
YEAR 1990 

2000 

LOW I 
10.25 
40.54 

679.58 

LOW I 
0.00 
0.00 
0.00 

LCll I 
37936 .06 
43735.58 
55688.05 

SCENARIO 
LOW Il 
1.24 
4.79 

69.07 

SCENARIO 
LO>! II 

0.50 
2.42 

50.64 

SCENARIO 
LOW II 

3527.30 
3868.79 
4245. 14 

SCENARIO 
LOW II 
10.25 
40.65 

701.23 

SCENARIO 
LOW II 
5.67 

28.97 
682.62 

SCENARIO 
LOW II 

37980.37 
43707.02 
54944.42 

TOTAL ANNUAL KWH AT THE POWER PLANT(l1ILLION$l 

ELECTRICS 

1985 
YEAR 1990 

2000 

HYBRIDS 

1985 
YEAR 1990 

2000 

LOW I 
7.50 

26.89 
418.62 

LO>! I 
o.oo 
0.00 
0.00 

TOTAL SNWAb GALLQHSIHILLIQNSl 

HYBRIOS 

1985 
YEAR 1990 

2000 

CONVENTIONALS 

1985 
YEAR 1990 

2000 

LOI-I I 
0.00 
0.00 
o.co 

LOW I 
2146.34 
2147.43 
2592.00 

SCENARIO 
LOW II 
7.50 

26.89 
424.49 

SCENARIO 
LOW II 
4.75 

20.65 
437.33 

SCENARIO 
LOH II 

0.09 
0.41 
9.09 

SCEN4RIO 
LOW II 

2146.03 
2145.95 
2555.43 

11EOIL'M 
1.95 
9.42 

183.36 

MEDIUM 
0.00 
0.00 
0.00 

MEDIUM 
3627. 10 
3366.58 
4187 .55 

MEDIUM 
16.30 
80.82 

2120.10 

MEDIUM 
0.00 
0. 00 
0.00 

HEDIU:-1 
37977. 99 
43674 .29 
54329.39 

MEDIUM 
11. 93 
58.65 

1281.53 

MEDIUM 
0.00 
0.00 
0.00 

MEDIUM 
0.00 
0.00 
0.00 

MEDIUM 
2145.89 
2143.99 
2523. 95 

HIGH I 
3.87 

21.90 
548.08 

HIGH I 
0.00 
0.00 
0.00 

HIGH I 
3625. 18 
3854. 13 
3765.60 

HIGH I 
32. 13 

205.33 
6916.38 

HIGH I 
0.00 
0.00 
0.00 

HIGH I 
37956 .29 
43578 .16 
48S03.60 

HIGH I 
24.53 

154.22 
4138. 16 

HIGH I 
0. 00 
0.00 
0.00 

HIGH I 
0.00 
0.00 
0.00 

HIGH I 
2144.66 
2133.33 
2257.72 

aCVs include only those vehicles for wh i ch EHVs 
could substitute. 

HIGH II 
3.87 

19.33 
362.94 

HIGH II 
0.00 
2.86 

205.07 

HIGH II 
3625. 18 
3853.87 
3747.07 

HIGH II 
32.13 

178 .55 
4349.24 

HIGH II 
0.00 

33.78 
2776 .07 

HIGH II 
37956.29 
43574.88 
48495.71 

HIGH II 
24.53 

135 .86 
2592.63 

HIGH II 
0.00 

19.74 
1554.61 

HIGH II 
0.00 
0.52 

39.19 

HIGH II 
2144.66 
2138. 12 
2242.67 
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Table A. 28. Total Vehicle s, VMT , and Direct 
Energy for Miamia 

TOTAL VEHlCLESlTHOUSANDSl 

ELECTR!CS SCENARIO 
LO\.l I LOW II MEDIUM HIGH I HIGH II 

1935 0.73 0.73 1. 16 2.29 2.29 
YEAR 1990 2.81 2.81 5 .47 12.82 11 .31 

2000 40.83 40.83 108.34 323.86 214.47 

HYBRIDS SCENARIO 
LOH I LOW II t1E01UM HIGH I HIGH II 

1985 0.00 0.22 0.00 0. 00 0. 00 
YEAR 1990 0.00 1. 05 0.00 0.00 1.24 

2000 0.00 22.01 0.00 0.00 89. 13 

COHVENTIONALS SCENARIO 
LO\.l I LOrl II MEDIUM HIGH ! HIGH II 

1985 1568.71 1568.49 1568.29 1567 .16 1567. 16 
YEAR 1990 1673.59 1672.55 1670 .92 1663.59 1663.es 

2000 1847. 18 182.5.20 1782.31 1542.05 1553.08 

TOTAL ANNUAL VHTIMILLIOHSl 

ELECTRICS SCENARIO 
LOW I LOW II HEDIUM HIGH I HIGH II 

1985 6.07 6.07 9.64 18.98 18.98 
YEAR 1990 23.75 23.82 47 .10 120.32 104.62 

2000 401 . 73 414.45 1252.88 4037.60 2570. 77 

HYBRIDS scrnARIO 
LOW I LOH II HEOIUH HIGH l HIGH II 

1985 0.00 2.46 0.00 0.00 0.00 
YEAR 199~ 0. 00 12.60 0.00 0.00 14 .67 

2000 0.00 296.84 0.00 0. 00 1206.78 

CCtlVENTIONALS SCENARIO 
LO:, I LOW II HEDIUM HIGH I HIGH II 

1985 16431.62 16429. 14 16426 .84 16414.01 16414.01 
YEAR 1990 18913.16 18900.86 18878. 65 1!\814.28 13817 .52 

2000 23945.53 23622.86 23116.50 19952. 16 20207 .71 

TOTAL ANNUAL KHH AT THE POWSR PLAHTlMILLIOHSl 

ELECTRICS SC!HARIO 
LO>l I LOW II MEDIUM HIGH I HIGH II 

1985 4.45 4.45 7.07 14.48 14.48 
YEAR 1990 15.61 15 .60 33.74 89.74 79.04 

2000 247.38 250.83 757.37 2448.30 1534.08 

HYBRIDS SCENARIO 
LOW I LOW II MEDIUH HIGH I HIGH II 

1985 0.00 2.07 0. 00 0.00 0.00 
YEAR 1990 0.00 8.99 0.00 0.00 8 .59 

2000 0.00 190.42 0.00 0.00 676.89 

TOTAL ANNUAL GALLOHS(MILLIONSl 

HYBRIDS SCEHARIO 
LOW I LOW II HEDIUH HIGH I HIGH II 

1985 0.00 0.04 0.00 0.00 0. 00 
YEAR 1990 0.00 O.i8 0.00 0.00 0.23 

2000 0.00 3.95 0.00 0.00 17.02 

CONVEHTIOHALS SCENARIO 
LOfl I LOW II MEDIUM HIGH I HIGH II 

1985 928.51 928.3S 928 .24 927.52 927.52 
YEAR 1990 928. 77 928 . 14 926 .82 923. 10 923.27 

2000 1114.29 1098.43 1072.66 920.31 932.94 

aCVs include only those vehicles for which EHVs 
could substitute. 
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Table A. 29 . Total Vehicles, VMT, and Direct 
Energy for Waterloo, Iowaa 

--·----- -
TOTAL VEHICLESCTHOUSAN~S) 

ELECTRICS SCENARIO 
LOI-I I LOI-I II MEDIUM HIGH I HIGH II 

1985 0.06 0.06 0. 10 0. 19 0.19 
YEAR 1990 0.23 0.23 0.46 1.07 0.94 

20CO 3.35 3.35 8.96 27.07 17. 91 

HYBRIDS SCENARIO 
LOW I LOW II MEDIUl1 HIGH I HIGH II 

1985 0.00 0.02 0.00 0.00 0.00 
YEAR 1990 0.00 0.11 0.00 0.00 0. 13 

2000 0.00 2.23 0.00 0.00 9.09 

CONVENTIONALS SCENARIO 
LOW I LOil II MEDIUM HIGH I HIGH II 

1985 170. 19 170. 17 170.16 170.07 170. 07 
YEAR 1990 181.39 181.28 181. 16 180.56 180.56 

2000 201.01 198.78 195.65 174 .81 174 .81 

TOTAL ANNUAL VMTCMILLIOHSJ 

ELECTRICS SCEHJ!.RIO 
LOW I LOf/ II MEDIUM HIGH I HIGH II 

1985 0.50 0.50 0.80 1.56 1.56 
YEAR 1990 1.99 1. 99 3.94 10 . 05 8.73 

2000 33.07 34.23 103.89 341.32 214. 17 

HYBRIDS SCENARIO 
LOW I LOI-I II MEDIUM HIGH I HIGH II 

1985 0.00 0.25 0.00 o.co 0.00 
YEAR 1990 0.00 1. 28 0.00 0.00 1.51 

2000 0.00 30.04 0.00 0.00 122.68 

COIIVEHTIONALS SCENARIO 
LOI-I I LOil !I MEDIUM HIGH I HIGH II 

1985 1774.69 1774.44 1774.30 17i3 .26 1773.26 
YEAR 1990 2042.45 2041 . 19 2039 .54 2034. 70 2034.69 

2000 2600.37 2567.39 2532.60 2259.85 2256.96 

TOTAL ANNUAL KWH AT THE POI-IER PLAHTCMILLIOHSl 

ELECTRICS SCENARIO 
LOW I LOW II MEDIUH HIGH I HIGH II 

1985 0.36 0.36 0.57 1. 17 1. 17 
YEAR 1990 1.29 1.29 2 .77 7.22 6.35 

2000 19.84 20.16 60.85 198.44 124.36 

HYBRIDS SCENARIO 
LOW I LOW II MEDIUM HIGH I HIGH II 

1985 0.00 0.21 0. 00 0. 00 0.00 
YEAR 1990 0.00 0.89 0.00 0.00 0.86 

2000 0. 00 18.94 0.00 0. 00 67 .33 

TOTAL ANNUAL GALLONSCMILLIONSl 

HYBRIDS SCENARIO 
LOI-I I LOW II HEOI UH HIGH I HIGH II 

1985 0.00 0.00 0.00 0. 00 0. 00 
YEAR 1990 0.00 0. 02 0.00 0.00 0.02 

2000 0.00 0.40 0.00 0.00 1.75 

COHVENTIOllALS SCENARIO 
LOW I LOH II MEDIIJH HIGH I HIGH II 

1985 99.91 99.89 99 .89 99.83 99.83 
YEAR 1990 99.80 99.73 99.64 99.36 99.36 

2000 120. 48 118.87 117.13 104.04 103. 91 

aCVs include only those vehicles for which EHVs 
could substitute. 
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APPENDIX B 

VEHICLE CHARACTERISTICS AND VEHICLE MANUFACTURE 
AND FUELS PRODUCTION PROCESSES 

This appendix presents the characteristics of electric, hybrid, and 
conventional vehicles, and the processes associated with vehicle production 
(including battery manufacture) and fuels production (including the transport 
necessary for vehicle operation). 

B.l FUTURE BATTERY CHARACTERISTICS 

Greater penetration of EVs, and to a slightly lesser degree HVs, 
depends on the development of suitable vehicle batteries. Many electro
chemical systems are potential candidates; however, only a few are expected to 
be successfully applied to transportation energy storage systems before 2000. 
Selection of the battery systems to be included in this assessment is based 
on three factors: (1) the scope of the study precludes the assessment of 
more than three or four systems, (2) systems with near-term applica tion 
and with advanced characteristics are needed to give breadth to t he five 
scenarios, and (3) the systems have to have high potential for ve hicular 
application. This application potential is evaluated using several criteria: 
e lee trochemical performance, remaining technic a 1 barriers to comrne rc ial iza
t ion, significant environmental barrier s, and expected user cost. Based on a 
multiyear study of storage systems,B -1 which included structured interviews 
with many battery manufacturers and experts in the field , Pb/acid, Ni/Fe, 
Ni/Zn, and Li/S systems were selected. The discussion that follows summarizes 
the rationale for choosing these systems and rejecting others, and presents 
the basic future characteristics of each system. Reference B.2 provides an 
excellent summary of this subject. 

The most important parameters of a battery system are: (1) its specific 
energy storage capacity in watt-hours/kilogram (Wh/kg) measured at a three
hour discharge rate, which is a rough measure of the vehicle driving range 
before recharging; (2) peak specific power in watts/ki logram (W/kg) for 30 s 
at 80% battery discharge, which approximates maximum acceleration; and ( 3) 
cycle life, or the number of deep discharges per battery lifetime. In trans
portation applications, batteries are often discharged less than 50%. Such 
shallow cycles have less of a negative impact on battery lifetime compared to 
deep cycles. In other words, shallow cycles extend the practical life of the 
battery. 

B.1.1 Pb/Acid Batteries 

The Pb/acid system is the near-term battery in all five scenarios. In 
LOW I and II, it is the only battery of any significance until late in the 
century. Research and development on this battery is occurring on two fronts: 
(1) development of i mproved, state-of-the-art (ISOA) batteries and (2) devel
opment of advanced Pb/acid systems capable of about 50% higher performanc e . 
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Within the next year, these batt e ries should be capabl e of 4 0- 45 
Wh/kg and lifetime s of 500-800 deep discharge cycles. However, th i s perfor
mance level is still quite inadequate for most transporta t ion appl i cations. 
The low specific energy storage capacity resul ts in excessive battery weight , 
unless range and EV performance are severely compromised. Vehicle range and 
performance can be enhanced through the use of clever des i gns that allow mo r e 
batteries to be placed in the vehicle . However, add i tional battery packs t end 
to become excessively expensive, and energy conservation suffers as more and 
more energy is required to propel the battery i t self. The peak powe r of ISOA 
batteries 1s quite margina l , especially late in the discharge and at l ow 
temperatures. This limits acceleration and other performance characteristics, 
particularly in the case of intermediate and compact automobiles. 

On the positive side, ISOA batteries can be produced using existing 
production fac i lities and are the only EV batteries ava i lable at less than 
$100/kWh. Eventual costs of about $60/kWh are projected, assumi ng a l ead 
cost, which is unstable, of $0.60/lb. 

Whereas the ISOA batteries are a natural extension of existing tech
nology, the advanced Pb/acid battery requires one or more major breakthroughs. 
Achieving the present t e chnical goals of 60 Wh/kg and 1000 deep discharge 
cycles will be very difficult. Al though this technology is explora t ory, t he 
successful development of the battery woul d have a major impact on the eme r g
ing EV market. Unfortunately, the probab i lity that this will occ ur by 1990 
appears to be less than one in ten . 

B. 1.2 Ni/Zn Bat t eries 

Prospects for commercialization of Ni/Zn bat teries have brightened 
since 1978, and the battery has emerged as the lead i ng candidate for near-term 
transportation applicat ions . General Motors has announced that it wi l l begin 
producing EVs with this battery, which reinforces this s ense of optimism . B.3 
However, a major improvement in cycle l i fe is necessary before s i gn i ficant 
penetration of a major market will be possible. This appears to be the only 
remaining barrier to successful development. Prospects for improve d li fetime 
in Ni/Zn batteries seem good, and the present eye le 1 ife of about 200 dee p 
discharge cyc l es may be extended to 300-400 deep cycles by 1982. The specifi c 
energy storage capacity attainabl e with today ' s technol ogy i s about 65 Wh/kg, 
with an additional 25% improvement expected by 2000. Peak and sustained power 
character i stics are excellent throughout the d ischarge. The Ni/Zn bat te ry 
seems well suited for t ransportation applications. 

Assumi ng a nickel price of $3/lb, the initial cost of Ni/Zn batterie s 
will be greater than $120/kWh unti l mass-production costs of $70/kWh are 
reached. U.S . nickel resources are current l y subeconomic . Although introduc 
tion of recycling could recover about 95% of the nickel from batter i es, both 
resources and prices could constrain the higher scenarios. 

B. 1 .3 Ni/Fe Batter i es 

Ni/Fe is the only battery system among the major contend e rs with 
demonstrated ruggedness and long life. This battery is in a relatively 
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mature state of development, with specific energies of 50-55 Wh/kg presently 
attainable. There appears to be no major technical barrier to increasing the 
specific energy to about 60 Wh/kg. 

The major problem associated with Ni/Fe batteries is the high initial 
cost. However, life cycle costs may be competitive because of excellent cycle 
life. Another inherent problem is the evolution of large quantities of 
hydrogen during charging, which results in reduced energy efficiency, the need 
for frequent watering of the battery, and hydrogen safety problems. Because 
of its lower cell voltage, the battery will ultimately require about 20-40% 
more nickel per kilowatt-hour of capac ity than the Ni/Zn battery. As a 
result, Ni/Fe batteries are particularly sensitive to the cost of nickel, 
causing the nickel availability problem to be somewhat more serious than in 
the case of Ni/Zn batteries. 

In spite of these problems, the Ni/Fe battery is a leading contender 
for the near-term electric bus and tr·uck markets. The use of Ni/Fe batteries 
in personal automobiles is l ess attractive because of the bulkiness of the 
battery and the high initial cost . This battery is not considered t o play a 
significant role in the market scenarios, since it 1s intermediate between 
Pb/acid and Ni/Zn systems on most parameters. 

B.1.4 Li/S Batteries 

Li/S battery technology has made impressive progress during the 
past year, but difficult technical barriers remain. The battery is very well 
suited for use in EVs, more so than the others considered in this assessment. 
It will probably be the most compact battery by 1990. The specific energy is 
expected to be about 20-40% higher than that of Ni/Zn systems, and the peak 
power should be satisfactory. This favorable assessment holds true even when 
the ancillary equipment to keep the cells at 842°F and in a good vac uum are 
considered. Early tests show the associated safety problems with s uch a high 
temperature may not be large. 

The first road test of a full-scale Li/S battery 1s slated for late 
1980; this test should be very revealing with respect to the status of this 
battery technology. It is presently very d ifficult to assess its potential 
applicability for vehicles because of the absence of meaningful mul tic ell 
battery tests. Also difficult to assess is future cost. Mass-production 
costs of $50-60/kWh may be possible, provide d the price of 1 ithium does not 
escalate. In summary, the cost and cycle life barriers are significant, and 
successful development of this battery system is far from certain. 

B.1.5 Other Batteries 

Other battery candidates have been judged less likely to be success
fully commercialized by 2000 and, for purposes of this study, are assumed 
to have negligible use in the U.S. transportation fleet. The criteria listed 
earlier support this decision. However, a major breakthrough that overcomes 
technical or environmental barriers could radically improve the prospects of 
these other batteries. The most promising of these batteries inc lude sodium
sulfide (Na/S), zinc-bromine (Zn/Br), Fe/air, Al/air, Zn/Cl, and various 
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special-purpose batteries for HVs. Zn/Cl batter i es have drawn special atten
tion lately, because the remaining technological barriers seem smal l compared 
to some of the other systems. However ; much work remains to determine if it 
is a safe battery. 

B.2 FUTURE VEHICLE CHARACTERISTICS 

This section presents the weight, range, performance, energy intensity, 
emissions, and materials characteristics for a ll of the EVs, HVs , and CVs used 
in this assessment. 

B.2.1 Performance 

Each characterized EV meets the acceleration (0-45 mph in 28 s) of the 
Society of Automotive Engineers (SAE) J227A Schedule D driving cycle.B. 4 
That is, the peak specific power of each EV at 80% depth of discharge is 
sufficient to achieve that acceleration. This means that each EV is similar 
in performance to the CVs that will predominate in 2000, which will be more 
like the current smaller domestic and foreign cars in pe rformance . 

B.2.1.1 EV Weight and Range 

EV characteristics are based, for the most part , on recent vehicle 
modeling experience and the most recent forecasts of battery developments 
(see Sec. B.l). The J227A Schedule D driving cyc le has been modeled, and 
several hundred runs were made simulating EVs with various battery character
istics.B.l The results show that in 1985 approximately 0.1 Wh energy ex
tracted from the battery is required to move 1 lb of vehicle weight 1 mi over 
the Schedule D eye le. The energy required to propel a vehicle over a given 
range is: 

where: 

E =a· GVW · R 

E energy (Wh) , 

GVW gross vehicle weight (lb), 

R range (mi), and 

a= proportional ity constant. 

( B . 1) 

This relationship holds only if the ba t tery being examined is not power 
limited, i. e., is able to meet the acceleration requirements of the driving 
cycle. It was used as a basis for approximating GVWs of EVs powe r e d by 
batteries with different assumed characteristics at specified ranges of 50, 
100, and 150 mi in 1985. The proportionality constant, a, is empirically 
derived and accounts for var ious frict ions and inefficiencies. In 1985 it is 
estimated at 0.10 Wh/lb-mi. It is changed to 0.080 Wh / lb-mi for 1990 and 
0. 066 Wh/lb-rni for 2000 to reflect expected improvements. 
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Table B.l One Coordinate and the Slope of the Battery 
Peak-Power/Specific-Energy Function 

Battery BPP(BSE)a BPP(BSE) BPP(BSE) kb 
Type 1985 1990 2000 1985-2000 

Pb/Acid 66(40) 95(44) 98(4 7) -2.2 

Ni/Fe 102(55) 112(60) 130(65) -3.0 

Ni/Zn 125(75) 135(81) 140(85) -4. 5 

Li/S NAC 115(110) 130020) -2.1 

aBPP in W/kg ( 30 s) ; BSE in Wh/kg (3-hr rate). 

bEstimates; no current basis to change value with time . 

CNot available. 

It has recently become apparent that a linear relationship between 
battery specific energy storage capacity and peak specific power approximates 
the permissible energy/power tradeoff in the theoretical optimization of 
battery characteristics to meet specified vehicle range and power criteria. 
This relationship is used here to insure, at least theoretically, that the 
various specific energy values used in the calculations of GVW do not result 
in power limitations below what is required to drive the cycle. Table B.l 
presents the battery peak power and related specific energies used in our EV 
characterization of passenger vehicles and the slope of the tradeoff function 
for each of the battery systems e xamined . 

An initial assumption concerning the weight of the EV is necessary and 
1.s later corrected. The assumption is that the weight difference between an 
EV and CV of the same size is assumed to be the weight of the battery plus the 
weight of the structural material required to support the battery, which is 
assumed to be O. 33 times the battery weight. That is, the weight of the 
electric motor and its ancillaries is assumed equivalent to the engine and its 
ancillaries. Then, in theory, the battery and battery supporting weight 
required to propel the initial GVW (vehicle weight less the battery) over the 
specified range can be calculated for the assumed battery-specific energy. 
This weight is then added to the initial GVW. The resulting vehicle weight 
now exceeds the weight the battery is designed to propel over the specified 
range. Hence, a second iteration with a slightly larger battery is under
taken. The results of further iterations converge, since the difference 
between successive GVWs decreases with each iteration. This algorithm can be 
expressed as a geometric progression. For the jth iterat ion: 

(
a· R · GVW·-1) 

GVWj = GVW0 + 1.33 BSE J (B.2) 

where: 
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GVW
0 

= initial GVW, i.e., the weight of a CV plus payload 
or the weight of an EV where the battery weight is not 
included but the weight of the motor, which is assumed 
equivalent to the engine of the CV, is inc luded, plus 
payload, when j=O (lb), 

GVWj GVW of EV at j, 

R = range at 80% discharge (mi), 

BSE = battery specific energy selected for the particular 
vehicle application (Wh/kg) , 

a = proportionality constant, and 

1.33 = weight propagation factor representing the additional 
structural frame weight required to support the 
battery plus additional weight for larger motors, etc. 

The quantity in parentheses in Eq. B.2 represents the weight of the battery; 
the numerator is t h e energy required to propel the vehicle over a given range 
( see Eq. B .1), and the denominator is the energy required per un i t weight of 
battery. 

It can be shown that the progression converges to: 

n (B.3) 

where: 

X = 1. 33 ( 
a · R) 2 

BSE 'X < l. 

This simple relationship allows EVs to be designed for different battery 
systems and ranges. Figure B.l shows a 1985 example of the family of curves 
that can be generated for a 6000-lb truck from this characterization equation. 
It shows range versus several weight variables. BW0 is the we i ght of the 
battery and its auxiliary systems (heating or cooling coils, pumps, insul a
tion, etc.). BWn is the total additional weight in the vehicle (i.e. , above 
GVW

0
) due to BW

0 
plus the additional structure and motor size necessitated 

by BW
0

. Obviously, GVWn = GVW0 + BWn. Also shown is the battery fraction 
defined as BW0 /GVW0 . 

The Fig. B. l curves do not drop below a range of 50 mi; a vehicle of 
lesser range would not have sufficient battery power to meet the required 
acceleration. This is also the lower limit on weight. The upper limit 1s a 
battery fraction of about 0.25 and is at the point where excessive energy must 
be spent to transport the battery. 

Figure B.l indicates that a SO-mile-range vehicle is possible in 1985 
for each of the four battery types. This is close to the maximum range of a 
Pb/acid vehicle, while a Ni/Fe truck can be designed to approach a range of 70 
mi without excessive battery weight. Fo r Ni/Zn vehicles, ranges of 50-100 mi 
are reasonable; for Li/S vehicles, 50-150 miles are possible. The performance 
characteristics of all the vehicles used in the assessment are presented in 
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907 1361 1814 2268 2722 3175 kg 

2000 3000 4000 5000 6000 7000 1b 
1207 1810 2413 3016 3620 4223 kg 
2660 3990 5320 6650 7980 9310 lb 

0.23 0.30 0.35 0.40 0.43 0.46 

Weight/Range Relationships for a 6000-lb EV Truck 

Tables B.2- B.8. The tables were generated by using Eq . B. 3 for 1985 a nd 
obt aining GVWn. The equation is then solved for R, and R i s calculated for 
1990 and 200 0 by varying a only . In most cases the vehic l es would be dr ive n 
with less than full loads; therefor e , R could be e xceeded be fore 80% depth 
of discharge . 

B.2 . 1 . 2 HV and CV We i ght and Range 

The seven HVs characterized are based on data provide d b y the Jet 
Pr o pulsion Laboratory. B · 5 Since their model uses s 1 ight ly differ e n t assump
tion s about future b a ttery performance, miles per gallon, and downsiz ing 
th an we re used for the EVs and equivalent CV s i n this assessment, small 
a d j ustme n t s are made to make the HV characterizations compat i b l e with those of 
t he EVs and CVs . 

Hybr id batteries are sized to allow a 47- mi range to 80% depth of 
discharge in 1985 (54 mi in 1990; 69 mi in 2000) with engine load leveling . 
The Otto engines a r e sized to extend the range of the vehic l e through l oad 
l eveling b y the b a ttery at the point the bat tery reaches 80% depth of dis 
charge . The e ng i ne then maintains the battery at 80% depth of discharge . 
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Table B.2. Electric and Conventional 4000-lb Truck 
Weight/Range Characteristicsa 

Vehicle Type 

EV 

Characteristic LT l LT2 LTJ LT4 LT5 ~T6 

EV range (mi)b 

1985 50 50 50 100 100 150c 

1990 58 58 58 116 116 174 

2000 73 73 73 11+7 14 7 220 

Battery type Pb/acid Ni/Fe Ni/Zn Ni/Zn Li/S Li/S 

BSE (Wh/kg)d 45 60 85 95 128 128 

GVWn (lb)e 5927 5290 4832 5780 5185 6087 

Battery fractionf 0 . 244 0 . 183 0.129 0 . 232 0 . l 72 0.258 

Otto fractiong 

aGVW0 = 4000 lb (weight of CV including 1860- lb load; hp/lb= 0.03). 

bTo 80% discharge . 

cNot available in any scenario. 

dThree- hour rate. 

eweight of vehicle plus load . 

fweight of battery and its auxiliary systems divided by GVWn. 

gweight of engine divided by GVWn; valid only for 1985 because of further 
downsizing in later years. 

CV 

LT7 

None 

4000 

0.091 

HV and CV powertrain downsizing assumptions are as follows: (1) for 
Otto engine vehicles, the 1985 powertrain will weigh 81.5% of the 1978 power
train and, by 2000, the percentage will be 73.8% , and (2) for diesel buses, 
the 1985 powertrain wi ll weigh 92.6% of the 1978 weight and, by 2000, the 
percentage will be 89 . 5%. The performance paramete rs of the characterized HVs 
and CVs are given in Tables B.2-B.8 . 

B.2.1.3 EHV Accessories 

The range of EVs is affected by the operation of high-power accessories 
like air conditioners and heaters. Full-time operation of an air condi
tioner off a propulsion battery is estimated to reduce the range of a car by 
15%.B . 6 Part-time operation would have less impact on range. Possibl e 
gasoline-powered air conditioners or other technologies, such as intermi ttent 
absorption systems,B-7 wou l d have little or no effect on EV range . Air 
conditioning is not included in this characterization of future EVs. How
ever, EV penetration is reduced in the scenarios in regions of high ambient 
temperature, where air conditioning would be most required (see Sec . A.5 . 1) . 



Table B.3. Electric, Hybrid, and Conventional Medium-Light Truck Weight/Range Characteristics 

Vehicle Type 

EV HV CV --
Characteristic MTl MT2 MT3 MT4 MTS MT6 MT7 MT8 MT9 

EV range (mi)a 

1985 so so so 100 100 1sob 47 47 

1990 58 58 58 116 116 174 54 54 

2000 73 73 73 147 147 220 69 69 
Battery type Pb/acid Ni/Fe Ni/Zn Ni/Zn Li/S Li/S Pb/acid Ni/Zn None 
BSE (Wh/kg)C 49 66 93 93 128 128 49 93 
GVWn (lb )d 8554 7709 7120 8754 7778 9131 8920 8113 6000 
GVWo (lb )e 6000 6000 6000 6000 6000 6000 5383 5383 6000 f-' 

VI 

Hp/lb 0.020 0.020 0.020 0.020 0.020 
f-' 

0.020 0.025 0.025 0.020 
Battery fractionf 0.225 0 .167 0.118 0.237 0.172 0.258 0.197 0.111 
Otto fractiong - - - - - - 0.048 0.050 0.060 

aTo 80% discharge; for HVs, heat engine adds for peak power requirements only. 

bNot available in any scenario. 

cThree-hour rate. 

dweight of vehicle plus load. 

eweight of CV including 2450-lb load. 

fweight of battery and its auxiliary systems divided by GVWn· 

gweight of engine divided by GVWn; val i d only for 1985 because of further downsizing in later 
year s. 
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Table B.4. Electric and Conventional 8500-lb Truck 
Weight/Range Characteristicsa 

Vehicle Type 

EV 

Characteristic HTl HT2 HT3 HT4 HTS 

EV range (mi)b 

1985 50 50 50 100 100 

1990 58 58 58 116 116 

2000 73 73 73 14 7 14 7 

Battery type Pb/acid Ni/Fe Ni/Zn Ni/Zn Li/S 

BSE (Wh/kg)d 49 66 93 93 128 

GVWn (lb)e 12,118 10,920 10,087 12,402 ll,019 

Battery fractionf 0 . 224 0.167 0.118 0.237 0.172 

Otto fractiong 

aGVW0 = 8,500 lb (weight of CV inc luding 3800-lb load; hp/lb 

bTo 80% discharge. 

CNot available in any scenario. 

drhree-hour rate. 

eweight of vehicle plus load. 

fweight of battery and its auxiliary systems divided by GVWn· 

HT6 

150c 

174 

220 

Li/ S 

128 

12,935 

0.258 

0 .020). 

gWeight of engine divided by GVWn; valid only for 1985 because of further 
downsizing in later years. 

CV ---
HT7 

None 

8,500 

0.047 

Whether auxiliary heat is required depends on climate. Waste heat from 
the motor and controller would suffice in ambient temperatures of 40-50°F.B.6 
Waste heat from batteries also is a potential source of heat for passenger 
comfort. The heat source in future EVs is not spec i fied i n this analysis, 
because heaters are not required in all areas of the country. If a heater is 
run by the propulsion batteries, the range would be decreased. Alternatively, 
an auxiliary liquid fuel heater (gasoline, propane, a l cohol, or methane) could 
be used and would not impact range. In this analysis, EV penetration is 
reduced in the scenarios in regions with very cold climates, where heaters 
would be used most often. 

The air-conditioning and heating requirements of RVs also are not 
specified in this analysis. These requirements may be fulfilled by the 
sources or technologies noted above for EVs . An accessory battery to provide 
energy for accessories like power steering and brakes, l ights, and windsh i eld 
wipers is assumed for all future EHVs. 
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Table B.5. Electr ic and Conventional Small Bus Weight/ 
Range Characteristic sa 

Vehicle Type 

EV CV 

Characteristic SBl SB2 SB3 SB4 SB5 SB6 SB7 

EV range (mi)b 

1985 50 50 50 100 100 150c 

1990 58 58 58 116 116 174 

2000 73 73 73 14 7 14 7 220 

Battery type Pb/acid Ni/Fe Ni/Zn Ni/Zn Li/S Li/S None 

BSE (Wh/kg)d 49 66 93 93 128 128 

GVWn (lb)e 14,257 12 ,848 11,867 14,590 12,963 15,218 10 ,000 

Battery frac tionf 0.225 0.167 0.118 0.237 0.172 0.258 

Otto fractiong 

aGVW0 = 10,000 lb (weight of CV including 3400-lb load); hp/lb= 0.015). 

bTo 80% discharge. 

CNot available in any scenario. 

drhree-hour rate. 

eweight of vehicle plus load. 

fweight of battery and its auxiliary systems divided by GVWn. 

gweight of engine divided by GVWn; valid only for 1985 bec ause of further 
downsizing in later years. 

B.2.2 Energy Intensit ies 

0.042 

Energy intensities (the amount of energy used in operating the vehicle 
a given unit of distance) were derived for each of the 61 vehicles charac
terized and are given in Table B.9. For EVs, Bis the e ne rgy ext racted from 
the battery to move one t on of vehicle one mile (0.190 , 0.165, and 0.150 
kWh/ton-mi in 1985, 1990, and 2000, respectively). The efficiency of the 
charger, ec, is 0.90, 0.935, and 0.95 for these three years . The charging 
efficiency of the battery, eb, is 0.88, except for Ni/Fe EVs, wh i ch is 0.78 
for all years. The transmission efficienc y between the power plant and the 
user's charging facility, et , is 0.90. These values are based on computer 
simulationsB.l and discussions with industry engineers. If the weight of 
the EV is W, and if W < GVWn (since it i s normally not fully loaded), then the 
electrical energy, E, produced at the power plant to travel one mile is: 

B · W 
E = ---- --- (B.4) 

e c eb · et 
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Table B.6. Electric and Conventional Large Bus Weight/ 
Range Characteristicsa 

Vehicle Type 

EV 

Characteristic LBl LB2 LB3 LB4 LBS LB6 

EV range (mi) b 

1985 50 50 50 100 100 1soc 

1990 58 58 58 116 116 174 

2000 73 73 73 147 14 7 220 

Battery type Pb/acid Ni/Fe Ni/Zn Ni/Zn Li/S Li/S 

BSE (Wh/kg)d 53 72 100 100 128 135 

CV 

LB7 

None 

GVWn (lb)e 35,913 32,630 30,455 36,754 33,705 38,525 26,000 

Battery fractionf 0.208 0 .1 53 0.110 0.220 0.172 0.244 

Otto fractiong 

acvw0 = 26,000 lb (weight of CV including 8000-lb load; hp/lb= 0.008). 

bro 80% discharge. 

CNot available in any scenario. 

drhree-hour rate. 

eweight of vehicle plus load. 

fweight of battery and its auxiliary systems divided by GVWn. 

gweight of engine divided by GVWn; valid only for 1985 because of further 
downsizing in later years . 

o. 067 

The CV energy efficiencies are taken directly from the references shown on the 
tables and projected as necessary. Little improvement after 1985 is expected . 
Energy efficiencies are measured on-the-road rather than by laboratory 
dynometers. The Jet Propulsion Laboratory provides sufficient detail with 
their hybrid characterizations to allow calculation of both gallons and 
kilowatt hours per vehicle mile. The same efficiency improvements with time 
are applied to hybrid electrical and heat engine components. 

B.2.3 Battery Material Requirements 

Projected major materials percentages for Pb/ acid, Ni/Fe, Ni/Zn, and 
Li/S batteries are given in Table B. 10. For each battery type, there is a 
high- and low-performance characterization. The high-performance battery is 
designed for use in autos and light-light trucks, and the low-performance 
battery is designed for use in medilllll- and heavy- l ight trucks and buses . 



Table B.7. Electric, Hybrid, and Conventional Two- to Four-Passenger Automobile Weight/Range Characteristics 

Vehicle Type 

EV HV CV 

Characteristic 4Pl 4P2 4P3 4P4 4P5 4P6 4P7 4P8 4P9 4Pl0 4Pll 4P12 

EV range (mi)a 

1985 so sob 50 sob 90c lQOb 100 lQOb 140b,d 47 47 

1990 58 58b 58 58b 104 116b 116 116b 162b 54 54 

2000 73 73 73 73 132 14 7 14 7 147 205 69 69 

Battery type Pb/acid Pb/acid Ni/Fe Ni/Fe Ni/Zn Ni / Zn Li/S Li/S Li/S Pb/acid Ni/Zn None 

BSE (Wh/kg)e 44 47 60 65 81 85 110 120 120 44 81 

GVW0 (lb) f 2130 2130 2130 2130 2225 2250 2250 2250 2530 2881 2881 2250 

GVWn (lb)g 3191 3093 2817 2749 3297 3431 3065 2976 3841 4181 3332 2250 

Hp/lb 0.030 0.030 0.030 0.030 0.030 0.030 0.030 0.030 0.030 0.027 0.028 0.030 

Battery fractionh 0.250 0.234 0. 183 o. 169 0.244 0.259 0.200 o. 183 0.257 0.216 0 .122 

Otto fraction i - - - - - - - - - 0.071 0.084 0.092 ~ 
VI 
V, 

aTo 80% discharge; for HVs, heat engine adds for peak power requirements onl y. 

bNot available in any scenario. 

CA 100-mi vehicle yie lds an unacceptable battery fraction. 

dA 150-mi vehicle yields an unacceptable battery fraction. 

eThree-hour rate. 

fvaries depending on accessories and range (weight of CV including 450-lb load). 

gweight of vehicle plus load. 

hweight o f battery plus its auxiliary sysLems divided by GVWn. 

iweight of engine divided by GVWn; valid only for 1985 because of further downsizing in later years. 



Table B.8. Electric, Hybrid, and Conventional Five- to Six-Passenger Automobile Weight/Range Characteristics 

Ve_h_i_cle Type 

EV 

Characteristic SPl 5P2 5P3 5P4 SPS 5P6 

EV range (mi)a 

1985 50 sob 50 sob 90C lOOb 

1990 58 53b 58 53b 104 116b 

2000 73 73 73 73 132 14 7 

Battery type Pb/acid Pb/acid Ni/Fe Ni/Fe Ni/Zn Ni/Zn 

BSE (Wh/kg)e 44 47 60 65 81 85 

GVW0 (lb)f 2630 2630 2630 2630 2725 2750 

GVWn (lb)g 3940 3819 34 78 3394 4038 4194 

Hp/lb 0.030 0.030 0.030 0.030 0 . 030 0.030 

Battery fractionh 0 . 250 0.234 0. 183 0. 169 0 . 244 0.259 

Otto fractioni - - - - - -

aTo 80% discharge; for HVs, heat engine adds for peak power requirements only. 

bNot available in any scenario. 

CA 100-mi vehicle yields an unacceptable battery fraction . 

dA 150- mi veh icl e y ields an unacceptable battery fraction. 

eThree-hour rate. 

fvaries depending on accessories and range (weight of CV including 600-lb l oad). 

8Weight of veh ic l e plus load. 

hweight of battery plus its auxiliary systems divided by GVWn, 

5P7 

100 

116 

147 

Li/S 

110 

2750 

374 7 

0.030 

0.200 

-

iweight of engine divided by GVWn; valid only for 1985 because of f urther downsizing in 

5P8 

100b 

116b 

147 

Li/S 

120 

2750 

3637 

0.030 

0 . 183 

-

later years. 

HV CV -
5P9 SPlO SPll 5Pl2 

140b,d 47 47 

162b 54 54 

205 69 69 

Li/S Pb/acid Ni/Zn None 

120 44 81 

3030 3450 3450 2750 

4600 4867 3906 2750 

0.030 0.030 0 . 028 0 . 028 

0.257 0.206 0. 118 

- 0.072 0.075 0.083 :f--' 
,U, 

Cf' 
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Table B.9. Vehicle Energy Intensities by Year, All Scenarios 

--------------------------- ------ ·----

Vehicle 
Type 

LTl 
LT2 
LT3 
LT4 
LTS 
LT6 
MTl 
MT2 
MT3 
MT4 
MTS 
MT6 
HTl 
HT2 
HT3 
HT4 
HTS 
HT6 
SBl 
SB2 
SB3 
SB4 
SBS 
SB6 

Vehicle 
Type 

MT7 
MT8 

4Pl 0 
4Pll 
5Pl0 
5Pll 

1985 

0.7347 
o. 7398 
0.5989 
0.7164 
0.6427 
0. 7 545 
1. 0602 
1. 0779 
0.8825 
1 .0850 
0.9641 
1.1317 
1.5017 
1.5264 
1. 2503 
1.5370 
1 . 3660 
1.6035 
1.7666 
1. 797 3 
1.4704 
1.8083 
1.6061 
1.8866 

1985 

1990 

0.6140 
0.6185 
0 .5006 
0. 5988 
0.5374 
0.6307 
0.8863 
0.9010 
o. 7377 
0.9070 
0 . 8058 
0.9460 
1.2550 
1 .2765 
1.0451 
1.2596 
1. 1417 
1.3400 
1.4191 
1. 5019 
l . 229 2 
1.5108 
1.3425 
1 . 5774 

Electric Vehicles (kWh/mi)a 

2000 

0.5494 
0 . 5533 
0.4479 
0.5358 
0.4807 
0.5643 
0.7930 
0.8063 
0 . 6600 
0.8115 
o. 7211 
0.8464 
l . 1234 
1. 1421 
0 .9351 
1.1498 
l . 0215 
1.1991 
1.3213 
1. 3437 
l. 1001 
1.3522 
1 . 2017 
1.4103 

Vehicle 
Type 1985 

LBl 4 .4517 
LB2 4.5631 
LB3 3. 7745 
LB4 4.5561 
LBS 4.1777 
LB6 4. 7753 
4Pl 0.3955 
4P2 0 . 3833 
4P3 0.3491 
4P4 0 .3845 
4P5 0.4610 
4P6 0.4252 
4P7 0 .3799 
4P8 0.3688 
4P9 0.4761 
5Pl 0.4884 
5P2 0.4734 
5P3 0.4311 
5P4 0.4746 
SP5 0.5647 
5P6 O. 5198 
5P7 0.4645 
5P8 0.4508 
5P9 0. 5702 

Hybrid Vehicles 

1990 

3 . 7212 
3.8142 
3. l 548 
3.8078 
3.4926 
3.9912 
0.3307 
0 . 3204 
0 . 2919 
0 .3213 
0.3854 
0.3554 
0.3176 
0 . 3083 
0.3980 
0.4083 
0 . 3957 
0 . 3603 
0. 3967 
0. 4 72 l 
0 .4345 
0.3882 
0 .3769 
0 .4 766 

(kWh/mi.)a,b (gal/mi )C 

1990 2000 1985 1990 

2000 

3. 328 7 
3.4124 
2.8231 
3.4078 
3. 124 7 
3. 5 709 
0.2958 
0.2868 
0.2612 
0 . 2875 
o. 3449 
0.3180 
0. 2842 
0.2759 
0 . 3561 
0.3653 
0. 3540 
0.3225 
0 . 3550 
0.4224 
0.3889 
0. 3473 
0.3372 
0.4264 

2000 

0.9951 
0. 9051 
0.4664 
0.3717 
0.5429 
0.4358 

0.8318 
0. 7565 
0.3898 
0.3107 
0.4539 
0.3642 

0.7442 
0.6769 
0.3488 
0.2780 
Q.4060 
0.3259 

0 . 0155 
0.0146 
0.0149 
0.0179 
0 . 0202 
0.0268 

0.0137 
0 .0129 
0 . 0132 
0 . 0159 
0 . 0170 
0.0226 

0.0129 
0.0122 
0 . 0128 
0.0154 
0 . 0160 
0.0213 

Conventional Vehicles (gal/mi)C 

Vehicle 
Type 1985 1990 2000 

LT7 0.0507 0 .0480 0.0467 
MT9 0.0613 0.0542 0.0512 
HT7 0.0695 0.0628 0. 059 7 
SB7 0.1111 0-1 000 0 .1000 
LB7 0. 166 7 0. 166 7 0. 166 7 

4Pl2 0.0469 0.0416 0.0404 
5Pl2 0.0600 0-0506 0.0476 

aEl ectricity as generated at the power plant . 

bBased on an average mile, some of which i s driven on e lectr ic ity and some 
on gaso 1 ine. 

CAutomobil e and light truck numbers based on Ref. B. 8. Bus figures based 
on Ref. B.9 . 



Material 

Lead 
Polypropylene 
Glass 
Rubber 
H2S04 

Total 

Material 

Nickel 
ZnO 
Cobal t 
KOH Soln. 
(Potassium) 
Copper 
Plastic 

Total 
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Table B.10. Major ERV Battery Materialsa 

Pb/Acid Ni/Fe 

High 
Performance 

(%) 

60.5 
5.4 
0.21 
1.44 

29.63 

97.2 

Ni/Zn 

High 
Performance 

(%) 

29.7 
22 .4 
1. 6 

33.7 
(8.2) 
o. 72 
7.2 

95.3 

Low 
Performance 

(%) 

65.0 
4.8 
0.19 
1. 28 

26. 2 

97.5 

Low 
Performance 

(%) 

31. 5 
24.0 
1. 7 

31.1 
(7. 6) 
0.67 
6.7 

95.7 

Material 

Nickel 
Cobalt 
Stee l 
Fe203 
Copper 
KOH Soln. 
(Potassium) 
LiOH 
Rubber 
Plastic 

Total 

Material 

Li2S 
LiCl 
(Lithium) 
Aluminum 
Iron 
KCl 
Cu2S 
Boron 

nitrides 
Steel 

Total 

High 
Performance 

(%) 

15.5 
o. 72 

24.9 
17.2 
3.9 

26.6 
(6.5) 
1.44 
0.055 
8.3 

98.6 

Li/S 

High 
Performance 

( % ) 

11 . 5 
19 . 5 
( 6. 7) 

12.8 
14. 2 
23.8 
4 . 3 

0.81 
12.4 

99.3 

arnformation compi led from U.S. battery developers, January, 1979. 

Low 
Performance 

(%) 

17.0 
0.79 

24 . 5 
16.9 
3.8 

26.1 
(6.4) 
1.41 
0 .055 
8 .1 

98.7 

Low 
Per f ormance 

(%) 

12.0 
18 . 9 
(7 . 0) 
13 . 4 
14.8 
23.1 
4 .49 

0 . 79 
12.0 

99.5 

The weights of the indivi dual ERV batteries and of major battery ma t erial s 
(calculated by applying the Table B .10 percentages to the weights of the 
batteries) are provided in Tables B.11-B.14. 

Possible additives and other minor materials requ i rements for these 
four battery types are presented in Table B.15. The probability of using 
any of these added materia l s by one or more major battery manufacturers 
is estimated. Additionally, the processing requirements for the Ni /Zn 
battery are included in Table B.16. 
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Table B.11 EV Battery Weight 

Weight Weight 
Vehicle Type (lb) Vehicle Type (lb) 

LTl 1443.87 LBl 7453 . 38 

LT2 969. 92 LB2 4984. 96 

LT3 624.81 LBJ 3349.62 

LT4 1338 . 35 LB4 8085. 71 

LTS 890.98 LBS 5793.23 

LT6 1569.55 LB6 9417.29 

MTl 1920.30 4Pl 797.74 

MT2 1284.96 4P2 724. 06 

MT3 842 .11 4P3 516.54 

MT4 2070.68 4P4 465.41 

MTS 1336.84 4P5 806.01 

MT6 2354 .14 4P6 887. 97 

HTl 2720.30 4P7 612 . 78 

HT2 1819.55 4P8 545.86 

HT3 1193. 23 4P9 985.71 

HT4 2933.83 5Pl 984. 96 

HTS 1893.98 5P2 893.98 

HT6 3334.59 5P3 637.59 

SBl 3200.75 5P4 574.44 

SB2 2141. 35 SPS 987.22 

SB3 1403.76 5P6 1085.71 

SB4 3451. 13 5P7 749.62 

SBS 2227. 82 5P8 667.67 

SB6 3923 . 31 5P9 1180.45 

B.2.4 Motor/Controller/Charger Major Materials 

The projected materials composition of EHV motors, controllers, and 
chargers combined is presented in Tables B.17 and B.18. Table B.17 gives 
material composition and downsizing from 1978 to 1990, and is based on the 
following assumptions related to motors and controllers: (1) DC separately 
excited motors will predominate until about 1990 and (2) silicon-controlled 
rectifiers (SCR) will be used until about 1990. Table B.18 shows materials 
composition and downsizing from 1990 to 2000 and is based on the following 
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Table B .12. EV Battery Materials per Vehicle Type (lb) 

Iron cu2s Lithium Rubber Boron 

LTS 126 . 25 LTS 38 . 31 LT5 59 70 LT2 o. 56 LTS 7. 22 

LT6 22 2. 88 LT6 67 .49 LT6 LOS. 16 MT2 O. 7 l LT6 l 2. 71 

MTS 197.8S MTS 60.02 MTS 93.58 HT2 1.00 MTS 18. 56 
MT6 348. 41 MT6 lOS.70 MT6 I 64. 79 SB2 l. 18 M1'6 l8. 60 
HTS 280.31 HTS 85.04 HTS 132. 58 LB2 2. 74 !iTS 14 . 96 
HT6 493.52 HT6 149. 72 HT6 233 42 4P3 O. 30 IIT6 26 , 34 
SBS 329.72 SBS 100.03 SBS 155 95 4P4 0 . 27 SBS 17 .60 
S86 580. 6 S SB6 I 76 . I 6 SB6 274 63 5P3 0 . 37 SB6 30 . 99 
!,BS 8S7 . 40 LBS 260. 12 LBS 405 . 53 5P4 0 . 33 
LB6 1393.76 LB6 422.84 L86 659 21 LT! 20 86 LB5 45 . 77 
4P7 87.02 4P7 26.35 41'7 41 . 06 MT l 24 . 58 l.B6 74 .40 
4P8 77 . SI 4P8 23 4 7 4P8 36 .57 HTl 34 .82 4P7 4 . 96 
4 P9 139.97 4P9 42 39 4P9 66 04 SB! 40 97 4P8 4 42 
5P7 106 45 5P7 32.23 SP7 so . 22 LBI 95 40 4P9 7 .98 
5P8 94 . 81 5P8 28. 71 SP8 44 . 73 4Pl 11 ,,9 5P7 6 07 
5P9 167 62 5P9 so . 76 5P9 79 .09 4P2 10.43 5P8 41 

SPl 14 . 18 SP9 9 56 
SP2 12 . 87 

ZnO Aluminum Lead LiOH ,·e 203 

LT3 139 . 96 LTS 114.03 LTI 876 . S7 LT2 13 .97 LT2 166 8 3 
LT4 299. 79 LT6 200.90 MTl 1248.20 MT2 18. 12 MT2 21 7. 16 
MT) 202. 11 MTS I 79. 14 HTl 1768.20 HT2 25 . 66 HT2 307 . 50 
MT4 496. 96 MT6 315 . 45 SBI 2080.49 SB2 30. 19 SB2 361 .89 
i1T3 286 . 38 HTS 253. 79 LB I 4844.70 LB2 70.29 LB2 842 .46 
HT4 704 .12 HT6 446 83 4PI 482,64 4P3 7 44 4P3 88 . 85 
S83 336 .90 S85 298 53 4P2 438.06 4P4 6 70 4P4 80 .05 
SB4 828.27 SB6 525. 72 SP! 595.90 SP3 9 . 18 5P3 109. 6 7 
LB3 803 . 91 LBS 776. 29 5P2 540 . 86 SP4 8 . 27 51'4 98 .so 
LB4 1940 . 57 LB6 1261. 92 
4P5 180.55 4P7 78.44 
4P6 198.9 1 4P8 69. 87 
5P5 221 . 14 4P9 126. 1 7 
5P6 243 . 20 SP7 95 . 95 

SP8 85 46 
5P9 151 . 10 

Nickel Coba l t Copper Steel Pl astic 

LT2 150 34 LT2 6.98 LT2 37 .83 LT2 24 1 . 51 LT2 80 . 50 
LT) 185.57 LT3 10.00 LT3 4 .50 LTS 110 48 LT3 1,4 . 99 
LT4 397. 49 LT4 21 .4 1 LT4 9.64 LT6 194 , 62 LT4 96 .36 
MT2 218 .44 MT2 10. 15 MT2 48.83 MT2 314. 82 MT2 [04.08 
MT3 265 26 MT) 14.32 MT3 5 . 64 MTS l 60 .42 MT3 56 .42 
MT4 652 .26 MT4 35 . 20 MT4 13 . 87 MT6 282 . 50 MT4 l 38 . 74 
HT2 309 , 32 HT2 14.37 HT2 69 . 14 iiT2 445 . 79 IIT2 14 7 . 38 
HT3 3 75 ,87 HT) 20 . 25 HT3 7 99 HTS 227 28 HT3 79 . 9 5 
HT4 924. 16 HT4 49 . 88 IIT4 19 66 HT6 400 15 HT4 l96 57 
SB2 364.03 SB2 16. 92 S82 81 . 37 SB2 524 .63 5B2 173 . 4 5 
SB3 442 . 18 S83 23.86 SB) 9 .41 SBS 267 . 34 SB3 94 . OS 
SB4 l087.ll S84 58.67 S84 23. l 2 SB6 470 . 80 SB4 231 .23 
LB2 847 . 44 LB2 39.38 LB2 189 .43 LB2 l 22 1 . 32 LB2 403 . 78 
LBJ 1055.1 3 LB3 56 94 LBJ 22 .44 LBS 695 . 19 LB3 224 .4 2 
LB4 2547.00 LB4 137 46 LB4 54 . 1 7 LB6 1130 . 08 LB4 54 1 . 74 
4P3 80 . 06 4P3 3, 72 4P3 20 . 15 4P3 128 . b2 4P3 '•2 . 87 
4P4 72. 14 4P4 3 . 35 4P4 18 . 15 4P4 115 . 89 4P4 38 63 
4PS 239.39 4PS 12 . 90 4P5 5 . 80 4P7 75 .98 4P5 53 03 
4P6 263 . 7 3 4P6 14 . 21 4P6 6 . 39 4P8 67 69 4P6 63 93 
5P3 98. 83 5P3 4 . 59 5P3 24 . 87 4P9 122. 23 5P3 52 92 
SP4 89 04 5P4 4 . 14 5P4 22.40 SP3 158. 76 5P4 47 . 68 
5P5 293 20 SPS 15, 80 SPS 7. 11 5P4 143 03 5P5 71 . 03 
5P6 322 .46 SP6 [7.37 5P6 7. 82 5P7 92 . 95 5P6 78. 1 7 

SPS 82 , 79 
SP9 146.33 

- ~---
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Table B.13. HV Battery Weight 

Vehicle Typ~ Weight (lb) 

MT7 1755 
4Pl0 902 
5Pl0 1002 
MT8 901 
4Pll 408 
5Pll 462 

Table B.14. HV Battery Materials per 
Vehicle Type (lb) 

Lead ZnO 

MT7 1140. 75 MT8 216.24 
4Pl0 545. 71 4Pll 91.39 
5Pl0 606.21 5Pll 103.49 

Polypropylene Cobalt 

MT7 84.24 MT8 15.32 
4Pl0 48.71 4Pll 6.53 
5Pl0 54. 11 5Pll 7.39 

Glass KOH 

MT7 3.33 MT8 280.21 
4Pl0 1.89 4Pll 137.50 
5Pl0 2.10 5Pll 155.69 

Rubber Copper 

MT7 22.46 MT8 6.04 
4Pl0 12.99 4Pll 2.94 
5Pl0 14.43 5Pll 3.33 

H2S04 Plastic 

MT7 459.81 MT8 60. 37 
4Pl0 267.26 4Pll 29 . 38 
5Pl0 296.89 5Pll 33.26 

Nickel 

MT8 283.81 
4Pll 121.18 
5Pll 137. 21 



162 

Table B.15. Possible Additional Ingredients 1n EHV Batteries 

Battery Type 

Pb/Acid 

Ni/Fe 

Ni/Zn 

Li/S 

High Probabilitya 

Antimonyb 
Calcium 
Lithium 

Rubber 
Lignins 

BaS04 
Tin 

Paper pulp 
K2S 

FeS04 
Various tartarates 

Graphite 
Teflon 
Silver 

CdO 
Potassium titanate 

Nylon 
LiOH 

Fluorocarbons 
Zr02 

Crosslinked PVA 
Asbestos 

Mo lybdenum 
Cobalt Sul fide 

Graphite 
NaCl 

Medium Probabilitya 

Phosphor i c acid 
Thallium 

Strontium 
Cerium 

Lanthanum 

CdO 
Annnonium salts 

Sulfites 
Thiosulfites 

Bi203 
SbCl5 

Cr02Cl2 
CaO 

Cellulose 
Various phosphates 

Ba(OH)2 
Cadmium 
Neoprene 

Brass 

Ni3S2 
BaCl2 
SrCl2 

MgO 
AlN 

Si licon 
Indium 

Low Prob ab i 1 itya 

Various organic 
and inorganic 
acids 

Sodium peroxide 
N2H4 · H20 

I n(OH)3 
Mercury 

Tin 
Polyvinylbutyral 
Thallium oxides 

Zinc sulfide 
Manganese sulfide 

aProbability refers to the est imated likelihood of use by one or more major 
manufacturers: high (0 .7-1.0), medium (0 . 3-0.7), and low (0-0.3). 

bGrid and active material. 

Source: Information compiled from U.S. battery developers, January, 1979. 

assumptions related to motors and controllers: (1) AC induction motors will 
begin to penetrate about 1987 and wil l dominate the EHV market about 1990, and 
(2) power transistors could replace SCRs in EVs about 1990 and will dominate 
in 2000. One caveat i s that brushless DC motors excited by a permanent magne t 
could compete for a market share after 1990. 

Tables B.17-B.21 also include 
chargers: (1) all vehicles wi ll have 
transformers will not be required. 

the fol lowing assumptions re lated to 
on-board chargers, and (2) isolation 
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Table B.16. Ni/Zn Battery Processing Requirementsa 

Quantity Consumed 
Material (kg/kWh) 

H2S04 (solid) 2.8 

KOH (45% solution)b 6.4 

a l nformation compiled from U.S. battery developers, 
January , 1979. 

bKOH could be replaced in future years by NaOH. 

The weight of the motor/controller/charger in each vehicle type 1s 
derived by multiplying the horsepower of the vehicle (derived from Tab l es 
B.2- B.8) by the per-horsepower weight of these components (Tables B.17 and 
B.1 8) for the year in question. The amount of each material is then derived 
by applying the materials composition for a given year to the weight of the 
motor/controller/charger in that year. Table B.19 gives the motor/controller/ 
charger weight of each vehicle in 2000. Table B.20 gives the major materials 
in each motor/controller/charger in 2000 . For 1990 , when vehicles could 
include ei t her DC-motors/SCR-controllers/charger ~ or AC-motors/power-trans
istors/chargers, a fifty-fifty split is assumed. 

Tab l e B.17. DC Motor (separately excited), SCR Control
ler, and Charger Materials Composition, Com
posite Package(% of total weight)a 

Material 1978 1985 1990 

Iron 53 49 47 

Silicon 2 1. 7 1.5 

Copper 32 33 34 

Aluminum 6 8 9 

Steel 1 1 1 

Totalb 94 92.7 92.5 

aMotor/controller/charger weight per horsepower (all ve
hicles): 1978, 8.5 lb/hp; 1985, 7 . 0 l b/hp; and 1990, 
6.0 lb/hp.B.10 

bThe following materials may occur in quantities of <1% 
each: silicon, carbon, organic insulation, rubber, nic
kel foil, brass, trace gold, trace silver, lubricant, 
and ceramics. 

Source: Information provided confidentially by deve l
opers, January, 1979 . 
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Table B.18. AC Induc tion Motor, Power Transistor, and 
Charger Weight Materials Composit ion, Com
posite Package(% of total weight)a 

Material 1990 2000 

Iron 48 46 

Silicon 1.6 1 .5 

Copper 36 37 

Aluminum 8 9 

Steel 1 1 

Tota l 94.6 94 . 5 

aMotor /controller/charger weight per horsepower (all 
vehicles): 1990, 3.5 lb/hp and 2000, 3.1 l b/hp.B.9 

bThe following materials may occur in quantities of 
<1% each: silicon, carbon, organic insulation, rub
ber, nickel foil, brass, lubricant, ceramics, trace 
sulfur, and trace gold. 

Source: Information provided confidentially by devel
opers, January, 1979. 

The HV motor/control ler/charger weights are adjusted from the Jet 
Propulsion Laboratory characterizations to make them consistent with the 
assumptions of the EA.B.5 They can not be derived in the same manner as for 
the EVs. The actual weights for t he HV motor/controller/charger are g iven in 
Table B.21. The material compositions in Tables B.17 and B.18 also apply to 
HVs. 

B.2 . 5 Powertrain Materials 

Projected materials compositions of HV and CV powertrains are presented 
in Table B.22. Powertrain weight refers to that part of a CV's or HV 's power
train that would not be part of an EV and includes the internal combustion 
engine, fuel distribution system, emission control system, exhaust system, 
and the difference between the transmission and drive system of the CV or RV 
and the EV . 

Table B.23 presents the downsizing expected to occur in the powertrain 
from 1978 to 2000. The major effort in downsizing the powertrain is expected 
to be complete by 1985 in order to meet federally mandated miles-per-gal l on 
standards. 

Table B.24 presents the projected weights of the powertrains of 
various CVs (except large buses). These weights are calculated in order to 
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Table B .19. Weight of Motor/Controller/Charger Materials ln EHVs, 2000 (lb) 

Vehicle Type Weight Vehicle Type Weight 

LTl 551.80 LB4 911 . 40 
LT2 492.90 LBS 837.00 
LT3 449 . 50 LB6 951+.80 
LT4 536.30 4Pl 254.20 
LT5 483.60 4P2 244.90 
LT6 567.30 4P3 220 .10 
MTl 530 .10 4P4 213.90 
MT2 477 .40 4P5 263.50 
MT3 440.20 4P6 275.90 
MT4 542.50 4P7 241.80 
MTS 483.60 4P8 235.60 
MT6 567.30 4P9 316.20 
HTl 564.20 5Pl 310.00 
HT2 508.40 5P2 300.70 
HT3 468 .10 5P3 266.60 
HT4 576.60 5P4 260.40 
HTS 511. 50 SPS 319.30 
HT6 601.40 5P6 334.80 
SBl 663.40 5P7 291.40 
SB2 598.30 5P8 282.10 
SB3 551.80 5P9 372. 00 
SB4 678.90 MT7 484 
SBS 601. 40 4Pl0 288 
SB6 706.80 SPl O 316 
LBl 889.70 MT3 471 
LB2 809 . 10 4Pll 133 
LB3 756.40 SPll 149 

determine CV body weights and material composition (see Sec. B. 2 . 6). Engine 
weight is calculated from the horsepower via the method presented in Ref. 
B.12. A powertrain-to-engine-weight ratio is then applied (1.32 for 
autosB· 13 and 1. 5 for trucks and small buses). The 1. 5 figure for trucks 
and small buses was projected after consultation with informed sources at 
the U.S. Dept. of Transportation, Jet Propulsion Laboratory, and Minibus Co., 
Dallas, Texas. 

Table B. 25 presents the projected weights of the powertrain for HVs. 
These are derived from the Jet Propul sion Laboratory HV character i zation 
with an adjustment made for greater engine downsizing by 1985.B.5 

The materials composition and downsizing projections described thus f ar 
apply to vehicles with Otto cycle engines. For the large buse s wi th d i ese l 
engines, Tables B.26 and B.27 provide materials composition and downsizing to 
the year 2000. Table B.28 provides projected actual powertrain weigh t s. B,14 
A powertrain-to-engine weight ratio of 2.0 is assumed. 
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Table B.20. Major Mater ials in Motor/Controller/Chargers 1n 
EHVs, by Vehicle Type, 2000 (lb) 

·-----____ ,_, __ __________ 

Vehicle 
Type Iron Silicon Copper Aluminum Slee l 

---------- --- -- -----
LTl 253.83 8.28 204. 1 7 49.66 5. 52 
LT2 226.73 7.39 182.37 44. 36 4.93 
LT3 206. 7 7 6. 74 166.31 40.45 4.49 
LT4 246. 70 8.04 198.43 48.27 5.36 
LT5 222 .46 7.25 178 . 93 43.52 4.84 
LT6 260 . 96 8.51 209 . 90 51.06 5 .67 
MTl 243.85 7.95 196. 14 47.71 5.30 
MT2 219.60 7.16 176.64 42.97 4. 77 
MT3 202 .49 6.60 162.87 39. 62 4 . 40 
MT4 249. 55 8 . 14 200.72 48 . 82 5 .42 
MTS 222. 46 7 . 25 178.93 43.52 4.84 
MT6 260. 96 8.51 209.90 51.06 5. 6 7 
MT7 222.64 7.26 179.08 43.56 4.84 
MT8 216.66 7.06 174. 27 42.39 4 . 71 
HTl 259.53 8.46 208. 7 5 50 . 78 5.64 
HT2 233.86 7.63 188. 11 45. 76 5.08 
HT3 215.33 7.02 173 . 20 42 . 13 4.68 
HT4 265.24 8.65 213.34 51 . 89 5 . 77 
HTS 235.29 7 . 67 189.25 46 .03 5 . l 1 
HT6 276.64 9.02 222.52 54. 13 6.01 
SBl 305 .16 9.95 245 .46 59 . 71 6.63 
SB2 275.22 8 . 97 22 l. 3 7 53.85 5 . 98 
SB3 253.83 8. 28 204 . 1 7 49 . 66 5.52 
S84 312.29 10. 18 251 . 19 61 . l 0 6. 79 
SBS 276.64 9.02 222 .52 54 . 13 6.0 1 
SB6 325. 13 10.60 261 . 52 63 . 61 7. 07 
LB l 409 . 26 13 .35 329 . 19 80 . 07 8.90 
1B2 372.19 12. 14 299 . 3 7 72 .82 8.09 
LB3 34 7. 94 11. 35 279 . 87 68.08 7 . 56 
LB4 419.24 13. 67 337 . 22 82.03 9 . 1 1 
LBS 38 5. 02 12 . 55 309.69 75.33 8.37 
LB6 439 . 21 14 .32 353 . 28 85.93 9.55 
4Pl 116 .93 3.81 94.05 22.88 2.54 
4P2 112 .65 3.67 90.61 22 . 04 2 .45 
4P3 101 . 25 3.30 81. 44 19 . 81 2. 20 
4P4 98 . 39 3.21 79. 14 19 .2 5 2 . 14 
4PS 121 . 21 3.95 97.49 23 . 71 2.63 
4P6 126.91 4 . 14 102.08 24 .83 2. 76 
4P7 111.23 3 . 63 89.47 21 . 76 2.42 
4P8 108 .38 3.53 87. 1 7 21.20 2.36 
4P9 145 .45 4. 74 116.99 28.46 3. 16 
4Pl0 132.48 4.32 106.56 25.92 2.88 
4Pll 61 .18 1. 99 49 . 21 11 . 97 l. 33 
5Pl 142.60 4.65 114. 70 27 . 90 3. 10 
SP2 138 . 32 4. 51 111 . 26 27 . 06 3.01 
5P3 122.64 4.00 98.64 23 . 99 2.6 7 
5P4 119.78 3.91 96. 35 23.44 2.60 
5PS 146.88 4. 79 118. 14 28.74 3. l 9 
5P6 154 . 01 5.02 123.88 30. 13 3.35 
5P7 134. 04 4.37 107. 82 26.23 2 . 91 
5P8 129. 77 4.23 104.38 25.39 2.82 
SP9 171.12 5.58 137 .64 33.48 3 . 72 
SPlO 145 .36 4. 74 116.92 28 .44 3. 16 
5Pll 68.54 2.23 55 . 13 13.41 l .49 

----~- •------· 
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Table B.21. HV Motor/Controller/Charger Weights (lb) 

Vehicle Type 1985 1990a 2000 

MT7 1092 742 484 

4Pl0 651 440 288 

5Pl0 714 483 316 

MT8 1064 722 471 

4Pll 301 204 133 

5Pll 336 229 149 

aweights for 1990 are for average HVs and assume a fifty
fifty split between the DC motor/controller/charger and the 
AC motor/power-transistor/charger. 

Table B.22 . Powertrain Major Materials, CVs and 
HVs (% of total weight) 

Material 1978 

Iron 68 

Steel 23 

Aluminum 5 

Othera 4 

Total 100 

aother powertrain materials: 
Rubber (belting and hose), 
Zinc (diecastings), 

1985 

52 

26 

17 

5 

100 

Ceramics (on sparkplugs and elsewhere), 
INVAR (in bimetallic strips), 

1990 

47 

27 

21 

5 

100 

Magnesium (competitor with aluminum for replacing cast 
iron components), 

Chromium (high chromium steel in exhaust valves, cata-
lytic converter , etc.), 

Zr02 (in sensors), 
Silicon (in electronic systems), 
Inconel, and 

2000 

42 

28 

24 

6 

100 

Platinum, palladium, and rhod i um (catalytic converters). 

Sources: Information compiled from industry sources, 
January, 1979, and Ref. B.11. 
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Table B. 23 Powertrain Downsiz ing f or CVs 

Year Weighta 

1978 100 units 

1985 81. 5] 
0.948 

1990 77. 3] 
0.955 

2000 73.8 

aTotal weight of powertrain, including engine, 
transmiss i on, etc . 

Source: Information ob tained from industry 
sources, January, 1979. 

Tab l e B. 24 . Engine and Powertrain Weights of CVs 

Engine Powertrain We i ght (lb)a 
Vehicle Horse- Weight 

Type power (lb) 1978 1985 1990 2000 

CV4Pl- 4b so 236 309 252 239 228 

CV4P5- 8 55 254 333 271 257 246 

CV4P9 60 263 345 281 267 255 

CV5Pl-4 60 263 345 281 267 255 

- CVSPS- 8 65 281 368 300 284 272 

5P9 75 318 417 340 322 308 

LT7 120 445 668 544 516 493 

MT9 120 445 668 544 516 493 

HT7 130 490 735 599 568 542 

SB7 150 518 777 633 601 573 

aPowertrain weight refers to that part of the CV power train that would not 
be part of an EV. 

bonly one four- passenger (4P) and one five-passenger (SP) conventional auto 
are ch aracter i zed completely in Tables B.7 and B. 8. For the materials anal 
ysis, a range of conventional auto sizes within the 4P and SP categorie s i s 
used. These sizes correspond with the GVW0 of the 4P a1vI SP EVs shown in 
Tables B.7 and B.8. Thus, the notat ion for 4P and SP conventional auto s 
( i . e . , CV4Pl- 4, CV5P5, etc.) in Tab l e B.24 and elsewhere in the EA (but only 
where this range in 4P and SP CV s i zes is used) is slight ly different from 
the notation for CV autos presented in Tables B.7 and B.8. 
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Table B.25. Engine and Powertrain Weights of HVs (lb) 

Powertrain Weight 
Vehicle 1985 Engine 

Type Weight 1985a 1990 2000 

4Pl0 296 388 368 351 
4Pll 281 368 349 333 
5Pl0 348 456 432 413 
5Pll 294 385 365 349 
MT7 430 645 611 584 
MT8 405 608 576 550 

al985 weights from Ref. B.5. 

Table B.26. Total Materials in Diesel Powertrain, 
1978, 1985, 1990, 2000 

Material Total Weight (%) 

Iron 73.4 

Steel 19.6 

Aluminum 2.5 

Other 4.5 

Total 100 . 0 

Table B. 27 . Diesel Powertrain Downsizing 

Year Total Weight 

1978 100 units 

1985 92.60 

1990 90.92 

2000 89.52 
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Table B.28. Engine and Powertrain Weights of Diesel Busa 

Vehicle 
Type 

Engine Weight 
(lb) 

Powertrain Weight (lb) 

Diesel Hp 1978 1985 1990 

LB7 210 1893 3786 3506 3442 

aEngine weight estimate obtained from Minibus Co., Dallas, 
Texas.B.14 A powertrain-to-engine-weight factor of 2.0 is 
used. 

2000 

3389 

B.2.6 Body Mater ials 

EV and HV body weights will be greater than those for equivalent CVs. 
In order to determine the materials composition of the EV and HV bodies, the 
following process is followed: 

1. The total materials of the equivalent CV are estimated. 

2. The materials in the 
train are determined 
not be part of an EV). 

internal combustion engine power
( i . e ., the components that would 

3. The materials in the equivalent CV body are determined 
by subtracting (2) from (1). 

4. The percentage distribut ion of body materia l s deter
mined in (3) 1s assumed to be the same for EVs and HVs. 

These steps are described 1n greater detail below. 

Step 1 

The materials composition of a typical automobile is shown in Tab le 
B.29. Obviously, there are some differences among the sources for this table 
but, within a few percentage points, all of them project substantial de
creases in steel and iron and increases in aluminum and p l astics. Some 
indicate the potential for use of advanced composi te materials (graphite/glass 
hybrids) by 2000.B.15 

Less information is available for light trucks and buses, since there 
are many more options to choose from than for automobiles. However, it can 
be assumed that light trucks and buses will be required by 1985 to meet 
environmental and safety regulations similar to those for automobiles and that 
they will benefit from automobile materials development. Therefore, light 
trucks and small buses are expected to use the same materials in roughly the 
same proportions. For that reason, the materials composition of conventional 
autos, 1 ight trucks, and small buses are assumed to be the same for this 
assessment. 

Table B. 30 percentages are assumed to apply to all CVs except the 
diesel large bus. Figures for the large bus are presented in Table B.31; as 
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Table B.29. Material Composition of a Typical Automobile 
(% of total weight) 

Material 1975 1980 1985 1990 

Steel 61.2 57.1 56.0 54.2 
Iron (cast and other) 16.2 14.8 11.1 7.9 
Aluminum 2.9 3.6 8.2 11.9 
Plastics 3.5 5.9 7.4 9.2 
Advanced composite materials 
Other 16.2 18.6 17.3 16.8 

Total 100 .0 100.0 100.0 100.0 

Sources: Refs. B.6, B.16, B.17, and B . 18 . 

2000 

54.2 
7.9 

11. 9 
9.2 
1.0 

15.8 

100 . 0 

can be seen, no change is projected through 2000. In fact, an increase in the 
use of plastics, aluminum, and fiberglass could well occur, but specific infor
mation that would allow such projections is not available. 

Step 2 

Powertrain materials in CVs are discussed in Sec. B.2.5. The material 
compositions are applied to the CV powertrain weights (also discussed in Sec. 
B.2.5) to determine actual material requirements per CV. 

Steps 3 and 4 

The materials in the CV bodies are determined by subtracting the 
powertrain materials determined in Step 2 from the total vehicle materials 

Table B.30. Material Composition of a Typical Automobile, Light 
Truck, and Small Bus(% of total weight) 

Material 

Steel 

I ron (cast and other) 

Alumintnn 

Plastics 

Advanced composite 
materials 

Other 

Total 

1985 

56.0 

11.1 

8.2 

7.4 

17.3 

100.0 

1990 

54.2 

7.9 

11.9 

9.2 

16 .8 

100.0 

2000 

54.2 

7.9 

11. 9 

9.2 

1.0 

15. 8 

100.0 
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Table B.31. Material Composition of a Typical Large 
Diesel Bus, 1978, 1985, 1990, 2000 

Material 

Steel 

Iron 

Aluminum 

Plastics 

Other 

Total 

Total Weight 
(%) 

58.9 

15.6 

5.9 

3.4 

16.2 

100.0 

The percentage distribution of these body materials 
each vehicle type. Tables B.32-B.35 present these 
These percentage distributions, which vary by year, 

determined in Step 1. 
1s then calculated for 
material compositions. 
apply to CV bodies and are assumed to apply to EHV bodies. 

Because total GVW and curb weight* remain the same for each of the 
scenario years and because the powertrain of the HV and CV and the motor/ 
control ler/charger of the EHV are downsized to allow detailed mater i al impact 
assessment, calculated total body materials increase from 1985 to 2000 . 
Therefore, the percentages of the various materials in the body are in error. 
However, because the error is not significant for this assessment. and be
cause the materials in the body are less sens i tive , no adjustments for the 
CV are made. For the EHVs, one adjustment is made: one body weight ( that 
cal culated for 1990) is used for al 1 scenar i o years. That body weight is 
the GVW (GVWn from Tables B . 2 - B . 8 ) minus the battery weight minus the 
1990 motor/controller/charger weight minus the 1990 power t rain weight for 
HVs. The different body materials compositions for 1985, 1990, and 2000 are 
t h en applied to this one weight. 

The percentage distribution of materials in CVs is provide d i n Tables 
B.30 and B.31. The total amounts per vehicle are given i n Tables B.36-B.39 . 

B.3 CHARACTERISTICS OF VEHICLE PRODUCTION PROCESSES 

This section characterizes the vehicle and vehicle component production 
proc ess . It details the major material requirements, energy consumpt i on, and 
emiss i ons generated from domestic manufacture of EHVs by scenario. The 
analysis is confined to the production process, i.e., from mining the maj or 
mater i als through assembly of the finished vehicle. The parameters are b ased 
on the production of 100,000 vehicles in each of the assessment years . For 
each scenario and year, the 100,000 vehicle unit reflects the particular mix 
of total battery and vehicle types produced in that scenario and year. 
Simil ar tabulations are presented for CVs. 

*Weight of vehicle with no payload. 



Table B.32. Materials in CV and EHV Four-Passenger (4P) Auto Bodies(% of total weight)a 

4Pl-4b 4p5b 4P6-8b 4P9-llb 

Material 1985 1990 2000 1985 1990 2000 1985 1990 2000 1985 1990 2000 

Steel 61. 3 58.7 58.3 61.4 58.8 58.4 61.3 58.7 58.3 60.7 58.2 57.9 
Iron 3.9 1.4 2 . 5 3.7 1. 3 2.4 3.9 1.4 2.5 4.7 2.1 3.1 
Aluminum 6.6 10 .4 10.0 6.6 10 .4 9.9 6.6 10.4 10.0 6.8 10 .6 10.2 
Plastics 8.7 10. 7 10.6 8.8 10. 7 10.7 8.7 10. 7 10 . 7 8.6 10 .6 10. 5 
Advanced composite - - 1. 2 - - 1.2 - - 1. 2 - - 1.1 
materials 
Other 19.5 18.8 17.4 19 . 5 18.8 17.4 19.5 18.8 17.3 19.2 18.5 17.2 

Total 100 100 100 100 100 100 100 100 100 100 100 100 

asee footnote b on Table B.24. 

bcvs and EHVs. 
c--' 
--J 
w 

Table B.33. Materials in CV and EHV Five-Passenger (SP) Auto Bodies(% of total weight)a 

5Pl-4b 5p5b 5P6-8b 5P9-llb 

Material 1985 1990 2000 1985 1990 2000 1985 1990 2000 1985 1990 2000 

Steel 60.8 58.3 58.0 61.0 58.4 58.l 60.8 58.3 58.0 60.9 58.4 58.0 
Iron 4.5 2.0 3.0 4.4 1. 9 2.9 4.5 2.0 3.0 4.5 1.9 3.0 
Aluminum 6.8 10.5 10 .2 6.7 10.5 10 . 1 6.8 10.5 10. 2 6.8 10 .5 10 . l 
Pl as tics 8.6 10.6 10.5 8.6 10. 6 10.6 8.6 10.6 10.5 8.6 10.5 10.5 
Advanced composite - - 1.1 - - 1.1 - - 1.1 - - 1.2 
materials 

Other 19.3 18.6 17.2 19.3 18.6 17.2 19.3 18.6 17.2 19.3 18.6 17.2 

Total 100 100 100 100 100 100 100 100 100 100 100 100 

asee footnote b on Table B.24. 

bcvs and EHVs. 
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Table B.34. Materials i n CV and EHV Truck Bodies (% of total weight) 

Light Truck 1- 7 Medium Truck 1- 9 Heavy Truck 1-7 

Material 198 5 1990 2000 1985 1990 2000 1985 1990 2000 

Steel 59.7 57.0 57.3 61.4 58.8 58.5 60 . 4 58.0 57 . 6 

Iron 3. 7 1. 3 2.4 3.7 1. 3 2.4 5.1 2.5 3.5 

Aluminum 5.2 9.0 8 . 3 6.6 10 .4 10.0 6.9 10.7 10.3 

Plastics 9.9 12 .1 12.0 8. 7 10.8 10.7 8.5 10.5 10.4 

Advanced composite 1. 3 l. 1 1.1 
materials 

Other 21. 5 20 .6 18 ·• 7 19.6 18.7 17 .3 19.1 18.3 17.l 

Total 100 100 100 100 100 100 100 100 100 

B.3 . 1 Methodological Overview 

Total materials r equirements for batteries, battery replacements, 
motors, controllers, chargers, bodies, and powertrains are calculated for 
each assessment year and scenario on a 100,000 vehic le unit basis. Total 
energy requirements are derived from the material requirements. The propor
tions of native or imported ore, domestic or imported concentrate, imported 
refined material, and scrap or salvaged materials used in the various produc
tion processes are determined. 

Table B. 35. Mater ials in Otto, Diesel, and Electr ic 
Bus Vehicle Bodies(% of total weight) 

Small Bus 1-7 Large Bus 1-7 

Material 1985 1990 2000 1985 1990 2000 

Steel 59.2 56.9 56.7 68.4 68 . 4 68.4 

Iron 6 . 7 4 . 0 4.6 1. 6 1. 6 1.6 

Aluminum 7 . 3 11 . 0 10.8 6 . 7 6.7 6.7 

Plastics 8.2 10 .l 10.1 4.2 4.2 4 . 2 

Advanced composite 1.1 
materials 

Other 18 . 6 18.0 16 . 7 19.1 19.1 19.1 

Total 100 100 100 100 100 100 



Table B.36. Total Vehicle Materials of Four- Passenger (4P) CV Autos (lb) 

- -
CV4Pl-4 CV4P5 CV4 P6-8 CV4P9 

Material 1985 1990 2000 1985 1990 2000 1985 1990 2000 1985 1990 2000 

Stee l 940.8 910.56 910. 56 994 962 .OS 962 .OS 1008 975 .6 975.6 1164. 8 1127. 36 1127.36 
Iron 186 .48 132. 72 132. 76 197 . 025 140.225 140 . 225 199 . 8 142 . 2 142.2 230.88 1674.32 164 . 32 
Aluminum 137.76 199.92 199.92 145 .55 211.225 211.225 14 7 . 6 214. 2 214 . 2 170 . 56 247. 52 24 7. 52 
Plastics 124.32 154 . 56 154 . 56 131 . 35 163.3 163.3 133 . 2 165 . 6 165.6 153 . 92 191. 36 191 . 36 
Advanced composite - - 16.8 - 1 7. 75 - - 18.0 - - 20.8 
materials 

Other 290 . 64 282.24 26 5 .44 307.075 298.2 280.45 311.4 302 .4 284.4 359 . 84 349.44 328 .64 

Total curb weight 1680 1680 1680 177 5 177 5 1775 1800 1800 1800 2080 2080 2080 

I-' 

Table B. 37. Total Vehicle Materials of Five-Passenger (SP) CV Autos (lb) -...J 
V, 

CV5Pl - 4 CV5P5 CV5P6-8 CV5P9 

Material 1985 1990 2000 1985 1990 2000 1985 1990 2000 1985 1990 2000 

Steel 1136. 8 1100 . 26 1100 . 26 1190 1151 . 75 1151.75 1204 1165.3 1165.3 1360 . 8 1317.06 1317.06 

I r on 22 5 .33 160. 37 160.3 7 235.875 167.875 167 . 875 238.65 169 . 85 169.85 269.73 191. 97 191 . 97 

Aluminum 166 .46 24 1 . 5 7 241. 5 7 174.25 252.875 252 . 875 176.3 255 . 85 255.85 199.26 289. l 7 289. 17 

Plastics 150 . 22 186. 76 186 . 76 157 . 25 195 . 5 195.5 I 5 9 . l 197 . 8 197.8 179.82 22 3 . 56 223 . 56 

Advanced composite - 20 . 3 - - 21. 25 - - 21. 5 - - 24 . 3 
materials 

Other 351. 19 341. 04 320.74 367 . 625 357 335.75 371.95 361. 2 339.7 420 .39 408.24 383 . 94 

Total curb weight 2030 2030 2030 212 5 2125 2125 2150 21 50 2150 2430 2430 2430 



Material 

Steel 

Iron 

Aluminum 

Plastics 

Advanced composite 
materials 

Other 

Table B.38. Total Vehicle Materials of CV Light Trucks (LT), 
Medium Trucks (MT), and Heavy Trucks (HT) (lb) 

LT7 

1985 1990 2000 

1198.4 1159.88 1 159.88 

237 . 54 169 . 06 169.06 

175.48 254.66 254.66 

158 . 36 196.88 196.88 

21.40 

370.22 359 . 52 338 . 12 

1985 

1988 

394.05 

291.1 

262.7 

MT9 

1990 

19 24. 1 

280 . 45 

422.45 

326 . 6 

2000 

1924.1 

280.45 

422.45 

326.6 

35.5 

Total curb weight 2140 2140 2140 

614 .1 5 

3550 

596 .4 

3550 

560.9 

3550 

1985 

2632 

521.7 

385 .4 

347.8 

813.1 

4700 

HT7 

1990 2000 

254 7 . 4 2 54 7 . 4 

371.3 371 . 3 

559.3 559.3 

432.4 432.4 

47 

789.6 742.6 

4700 4700 

Table B.39 . Total Vehicle Materials of Otto Smal l Bus (SB) and Diesel Large Bus (LB) (lb) 

Material 

Steel 

Iron 

Aluminum 

Plastics 

Advanced composite 
materials 

Other 

Total curb weight 

1985 

3,696 

732.6 

541. 2 

488 .4 

1,141.8 

6,600 

SB7 

1990 

3,577 . 2 

521.4 

785 . 4 

607.2 

1,108 . 8 

6,600 

2000 

3,577.2 

521.4 

785 .4 

607.2 

66.0 

1, 042.8 

6,600 

1985 

10 , 602 

2,808 

1,062 

612 

2,916 

18,000 

LB7 

1990 

10,602 

2,808 

1 , 062 

612 

2,916 

18,000 

2000 

10,602 

2,808 

1,062 

612 

2,916 

18,000 

f---' 
-..J 
(J"\ 
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Energy consumption for each appropriate processing step (mining, 
milling, smelting, refining, processing, machining, fabrication, and assembly) 
1s used where available and applied against the proportion of material 
undergoing that particular step in the overall process. When specific 
data are not available, analogous processes or similar materials are used as 
an approximation of energy requirements. Vehicle machining, fabrication, 
and assembly energies are derived from an analysis of CV requirements. 

Estimated emissions created in the production process are at best an 
approximation. Empirical data concerning battery production are lacking, with 
the exception of one report on Pb/acid batteries.B.19 Numerous assump
tions are required regarding the metal content of the ores and concentrates, 
the operating characteristics of the refining processes, and the em1ss1.on 
standards in effect on the date of processing. However, emissions (air, 
water, and solid waste) are characterized for each appropriate processing step 
in the production of EHVs and CVs. 

B. 3.2 Materials Requirements 

Total materials requirements for each scenario and assessment year on 
a 100,000 vehicle unit basis are the product of the materials characteriza
tions presented in Secs. B.2.3-B.2.6 for the batteries, motors/controllers/ 
chargers, HV powertrains, and bodies and the EHV domestic sales mix on a 
100,000 unit basis. In other words, the total amount of each battery materia l 
in new vehicle batteries in a specific scenario and year is derived by taking 
the battery materials characterization for each vehicle type as given in 
Sec. B.2.3 and multiplying these materials for an individual vehicle by the 
total number of vehicles of that type domestically produced in that scenario 
and year. The total amount of each motor/controller/charger, body, and power
train material in a scenario is similarly derived. The EHV domestic sales mix 
on a 100,000 vehicle unit basis is summarized in Table B.40. 

The total material requirements for each scenario and assessment year 
also include replacement battery materials, since batteries are replaced 
before the vehicle itself is replaced. The equation used to calculate the 
number of batteries of a specific vehicle type requiring replacement 1s: 

n 

I (B . 5) 
t=n-20 

where: 

J vehicle type, 

n = assessment year (1985, 1990, or 2000), 

t a previous year, 

Rjn total replacement batteries for the vehicle type 
and year, 

SRt survival rate for vehicles sold l. n t (see Table 
B .42), and 
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Table B.40. EHV Domestic Sales and Manufacture by Scenario Adjusted 
to a 100,000 Vehicle Unit Basis ( 103 vehicles) 

Vehicle 
LOW I MEDIUM HIGH I 

Type 1985 1990 2000 1985 1990 2000 1985 1990 2000 

Small bus 5 . 5 0.8 8 . 7 0.2 1. 7 4.8 0 . 1 

Large bus 1.8 3.2 1. 9 5.1 0.7 

Medium truck 34 . 8 39.7 48.4 37.3 48.5 45.6 48.3 44.3 39.2 

Heavy truck 2.4 1. 9 6.9 3.8 3.9 7 . 4 4.4 

Light truck 27.8 18 .0 19.5 28. 2 5.1 11.1 9.1 6.4 11. 5 

4-passenger 18 . 0 13. 6 7.7 16.5 9 . 2 13 . 3 7.7 6.6 18.2 

5- passenger 19 .4 20.8 19.9 18 .0 18.4 24. 1 29.3 25 .4 25.9 

Total 100.0 100 . 0 100 .0 100.0 100.0 100.0 100.0 100 . 0 100.0 

Vehicle 
LOW II HIGH II 

Type 1985 1990 2000 1985 1990 2000 

Small bus 3.5 0 .4 1. 7 4 .1 0.1 

Large bus 1 . 0 4. 5 0.5 

Medium truck EV 24.8 25.7 26.3 48.3 36.9 26.7 
HV 20 . 8 25.1 31. 2 8.7 24 .1 

Heavy truck 1.6 1.0 3 .9 6.0 2.7 

Light truck 19.8 11 . 6 10.6 9 . 1 5.0 7 . 4 

4-passenger EV 12 . 9 8 .8 4.2 7 . 7 5 . 9 10 .8 
HV l. 9 2.1 6.0 1. 2 5 . 1 

5- passenger EV 13 .8 13.5 10.8 29.3 23.0 15.4 
HV 6.0 8 . 1 8.5 4 . 7 7.2 

Total 100.0 100.0 100.0 100.0 100 . 0 100.0 

Xjt = 1 if battery needs replacement and O if not (see 
Table B.41) . 

These bat teries a l so include replacement batteries for vehicles originally 
imported. Tables B.43 and B.44 show replacement battery totals for the EHV 
scenarios and the conversion to the 100,000 vehicle unit basis. The total 
materials requirements for replacement batteries in a specific scenario are 
the product of the totals in Tables B.43 and B.44 and the materials composi 
tion of individual batteries as described in Sec . B.2.3. 
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Table B.41. Years between Replacement 
for Various Battery Types 

Year Battery Sold 

Battery 1980-1982 1985-1990 1990-2000 

Pb/Acid 3 4 5 

Ni/Fe 

Ni/Zn 

Li/S 

10 10 10 

2 4 

4 

Table B.42. Vehicle Survival Ratesa 

Vehicle Age Survival Rate 

0 1.00 
1 0 . 99 
2 0.98 
3 0.96 
4 0 . 94 
5 0.90 
6 0.85 
7 0. 77 
8 0.69 
9 0.60 

10 0.50 
11 0.40 
12 0 .31 
13 0.23 
14 0 . 15 
15 0.10 
16 0.06 
17 0.04 
18 0.02 
19 0.01 
20 0 

aAssumes 10- yr average life and a 
cumulative normal distribution with 
a standard deviation of 4.0. Since 
no real experience exists for EHVs, 
this simulates the current auto
mobile survival rate pattern. 

5 

5 
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Table B.43. EV Replacement Batteries (103) 

Sc enario 
and 

Ba t t e ry 

LOW I 
Pb/Ac id 
Ni /Zn 

Tot al 

MEDIUM 
Pb/Acid 
Ni /Zn 

Total 

HIGH l 
Pb/ Ac id 
Ni/ Zn 
Li /S 

To tal 

Veh ic l es wit h Bat t e r ie s Re placed i n 
1990 (veh icl e purc~ased new in l986) 

Tota l 
Low 

Performance 

7 76 
0. 14 
7 . 90 

5.07 
7 . 52 

12 . 59 

21. 6 7 
9.49 
0 . 52 

31. 68 

Tot al 
High 

Performa nce 

11. 76 
0.23 

11. 99 

3.99 
26.33 
30 . 32 

9 87 
39 . 48 
16 . 26 
65 .61 

Al l 
Bat t eries 

19 . 52 
o. 37 

19 89 

9 .06 
33 . 85 
42 . 91 

31. 54 
48.97 
16 . 78 
97 . 29 

Ve hic l es wit h Bat teri es Re pl aced in 2000 
(vehi c l e pur chased new in l988, 1990, 1995) 

- ----- ·---- ------- - - - -
LOW I 

Pb/ Ac id I 10 . 51 179. 02 289. 53 
Ni /Fe o. 21 0 30 o. 51 
Ni / Zn 21 32 28.49 49 . 81 
Li/ S 

Tot a l 13 2 04 20 7 . 8 1 339 . 8 5 

MEDIUM 
Pb/Ac id 75 . 30 70 . 09 145 . 39 
Ni / Fe 0 . 27 0 . 31 0. 58 
Ni /Zn 366 .98 24 5 . 68 6 12.66 
Li/S 1. 02 79. 14 80 . 16 

Tot a l 443. 57 39 5. 22 838. 79 

HI GH I 
Pb/Ac i d 146. 13 166. 12 312. 25 
Ni / Fe 
Ni/Zn 53l . 6 7 81.9 . 28 138095 
Li / S 338 29 405. 03 743.32 

To ta l 1016 . 09 1420 4 3 24 36 5 2 

Ad j usted lo Pat ter n for 
____ 100 , 000 Vehicle s __ _ _ 

Low 
Per fo rmanc e 

14 . 10 
0 .25 

14 . 35 

4 .01 
5.95 
9 .96 

6 .9 3 
3. 04 
0 . 17 

10 . 14 

Hi gh 
Pe r f ormance 

21. 3 7 
0. 42 

21 . 79 

3. 16 
20.83 
23.99 

3 . 16 
l 2 .63 
5.20 

20 . 99 

Al 1 
Batte r ies 

35 .4 7 
0.67 

36. 14 

7 . I 7 
26. 78 
33 . 95 

10 .09 
l 5 .6 7 
5.3 7 

31 . l 3 
--- ------- - - - ------- -- - ---- ·---

Adj uste d to Pat t ern for 
100 ,000 Vehic l e s 

14 .70 23.82 
0 . 0 3 0. 04 
2 .84 3. 79 

17 .5 7 2 7 . 6 5 

3 . 20 2 .9 7 
0. 01 o. Ol 

15 . 59 10 . 43 
0 .04 3.36 

18 .84 16 . 77 

2 .01 2 . 29 

7. 32 l I . 69 
4 .66 5 . 5 7 

13 .99 19 . 5 5 

38 .5 2 
o. 0 7 
6 . 6 3 

45 22 

6 . l 7 
0 02 

26. 02 
3 .40 

35 . 61 

4.30 

19 .01 
10 . 23 
33 . 54 

-------- -----~---- - ··--- .. -----·-· ---·------ .. - .. --------- - ··--- ·- - ···-- .. - --- - ---- --·- - -

All materia l s from all veh i cle components are summed to der ive the 
total materials requirements for t he five scenar ios on the 100,000 vehicle 
unit basis . Tables B.45-B.50 give t he materials requirements totals for the 
scenarios . Table B.5 1 shows the total CV materials requireme n t s for the 
same domestic sales mix as the 100,000 EHVs. 

Productio n process materials beyond those used in the vehicle itself 
are generally not characterize d here. For example, shop scrap and mater i al 
l osses during mi n i ng raw ore a nd during solution preparation and bat t ery 
filling are not accounted f or . However , it is generally expected that such 
materia l losses will not be significant. While this assumpt i on may not be 
entire l y valid, it is certainly likely that any additional material require
ments result i ng from material losses are within the uncertainty of the base 

data. 
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Table B.44. EHV Replacement Batteries (103) 

Scenario 
and 

Battery 

LOW II 
EV Pb/Acid 
EV Ni/Zn 
HV Pb/Acid 

Total 

HIGH I! 
EV Pb/Acid 
EV Ni/ Zn 
HV Ni/Zn 

Total 

Vehicles with Batteries Replaced in 
1990 (vehic l e purchased new in 1986) 

Total 
Low 

Performance 

7.76 
o. 14 
9.4 

17.3 

21 . 6 7 
9.49 

31. 16 

To tal 
High 

Performance 

11 . 76 
0.23 
2.44 

14.43 

9 . 87 
39 .48 

49.35 

All 
Batteries 

19. 52 
0 . 37 

11.84 
31 . 73 

31. 54 
48.97 

80.51 

• --r~- ----- - -• 
Vehicles wi t h Uatteries Replaced Ln 2000 
(vehi cle purchased new in 1988, 1990, 1995) 

LOW II 
EV Pb/Acid 110 . 51 179.02 289. 5 3 
EV Ni /Fe 0 21 0.30 0.51 
EV Ni/Zn 21 . 32 28 .4 9 49.81 
HV Pb/Ac id 131 .25 53. 85 185. I 

Total 263 29 261. 66 524. 9 5 

Hl Gfl lI 
EV Pb/Ac id 146 . 13 166. 12 312.25 
EV Ni/ Fe 
EV Ni /Zn 5 3 l . 6 7 849. 28 1380.95 
HV Ni/ Zn 448 . 0 11 7. 7 565. 7 

To tal 1125. 8 1133. I 2258. 9 

Adjusted to Pat tern for 
_______ 1~0 ,000 _E_H_V_s ____ _ 

Low High Al I 
Performance Performance Batteries 

9. 12 13.83 22 95 
0 . I 7 0.27 0.44 

11 . 05 2. 87 13. 92 
20.34 16. 97 37.31 

7. 14 3 . 26 10 .40 
3 . 13 13.01 16 . 14 

10.27 16 . 27 26.54 
·- -·-

Adjusted t o Pat tern for 
100,000 Vehicles 

7.98 12.94 
0.02 0 . 022 
l. 54 2 . 06 
9 .48 3 .89 

19 .02 18 .91 

. 95 2.21 

7. 09 l l . 33 
5. 97 I . 5 7 

15 . 0 1 l 5 . 1 l 

20.92 
0 . 04 
3.60 

13. 37 

37.93 

4 . 16 

l8 . 42 
7. 54 

30 . 12 
----------- - ------------- ~ -------·- - --- - ·- - ---- ·------ - - -- - -- -~ -- ------ ··-

B.3.3 Energy Consumption 

The energy required to mine, purify, and convert materials and to 
fabricate and assemble the vehicles under each scenario are quantified below 
on the 100,000 vehicle unit basis. The direct energy consumed by equipment 
and materials handling, the energy requ i r ed to produce the energy used in the 
production process (i.e., energy to extract oil), and some indirect energy 
also are included . 

B.3.3.l Battery Manufacturing 

The energy requirements o f Pb/acid battery materials and manufac turing 
processes are presented as energy per megawatt hour of battery output over its 
designed l ife cycle in Re f. B. 19. These figures are then converted to energy 
input for each major component of the battery, including lead, sulfuric acid , 
plastic battery cases, and battery assembly. Among thes e constituents, 
sulfuric acid manufacture is exothermic, yielding useful heat energy which 
then can be used in other areas of the acid plant, and is considered as an 
energy credit . Similarly, i ntermediate plastics processing yields sizable 
process streams that can be used as fuel i n other segments of the processing 



Table B.45. EV Battery Material Requirements per 100,000 Vehicles by Scenario (106 lb/100,000 EVs)a 

------·--.- ·-----------------·---·-- --·---·------ - ---·--- - ·- -·-- -- ----· ·--·- - -- ------··--
Battery 

Year Category 
Scenario Re quired (performance) Lead H2S04b Glass Rubber PlasticC N icke 1 Cobalt LiOH KOH Copper Steel 

-- - --·- --·---- -- ~--- ---- ---- ·--- --
LOW I 1985 Low 4 1 . 97 16 . 91 0. 12 0.83 3. 19 0 . 30 0.01 0 . 01 o. 34 0.02 0 .12 

High 43 .06 21 . 09 0 . 15 1. 02 3 . 97 0 .43 0.02 0.02 0. 54 0 . 03 0 . 15 
Total 85 .03 38.00 0. 27 1. 85 7. 16 o. 73 0.03 0.02 0.88 0 . 05 0.27 

1990 Low 56 .83 22. 91 0.17 1 .12 4. 96 3.34 0. 18 0.01 3 .39 0. 11 0.24 
High 30.07 14 . 7 3 0. 10 0. 72 3 . 19 2.03 0. 11 0.01 2 .36 0 . 07 0 .13 

Total 86.90 37 . 64 0.27 1 . 84 8. 15 5.37 0 . 29 0 . 02 5. 75 0. 18 0.3 7 
2000 Low 58.86 23.73 0 . 1 7 1. 16 5.91 7 . l 7 0.39 0.01 7. 14 0. 18 0 .18 

High 26. 45 12 . 95 0.09 0 . 63 3 .04 2.69 0 .14 0.01 3.08 0.08 0. 11 
Total 85.31 36.68 o. 26 1. 79 8 . 95 9.86 0 . 53 0.02 10.22 0. 26 0 . 29 

MEDIUM 1985 Low 17.27 6 . 96 0.05 0. 34 2.63 6.20 0 . 34 0.01 6 . 18 0. 16 0 . 16 
High 10 . 50 5. 14 0.04 0. 2 5 3 .4 7 10 . 25 0.55 0.02 11. 72 0. 28 0.27 

Total 27. 77 12 . 10 0 09 0.59 6 .10 16 . 45 0.89 0.03 17.90 0.44 0.43 
1990 Low 27 .40 11 . 04 0.08 0. 54 6 .94 23.03 l. 25 0 . 01 22.80 0. 51 0 . 96 

High 1.46 0 . 71 0.01 0.03 1. 98 7 . 62 0.41 - 8.67 0 . 19 0.27 
Total 28.86 11 . 7 5 0 .09 0.57 8.92 30.65 1. 66 0.01 31.47 0.70 1. 23 

2000 Low 11.89 4. 79 0.0 3 0 .23 5.51 21 . 62 l. 1 7 0.01 21 . 42 0 .49 1. 12 I-' 
co 

High 4. 14 2 . 03 0.01 0 . l 0 2.83 10 . 09 0 . 54 0.00 11.46 0.25 0 . 89 N 

Total 16. 03 6.82 0.04 0.33 8. 34 31 . 71 l.71 0.01 32 .88 o. 74 2.01 

HIGH I 1985 Low 48.33 19 .48 0 . 14 0 .95 4. 58 4.76 0.26 4. 70 0 . 10 
Hi.gh 16.20 7.93 0.06 0 . 39 2.64 4.89 0.26 5.55 0 .1 2 

Total 64 . 53 27.41 o. 20 1. 34 7 .22 9.65 0.52 10. 25 0 . 22 
1990 Low 21 . 16 8. 53 0.06 0.42 7 .5 2 28 . 02 l. 51 27. 6 7 0.60 2 .96 

High 1. 39 0 .68 0.00 0 . 03 2 . 32 9.09 0.49 10 .32 0.22 0.56 
Total 22. 55 9 . 21 0 .06 0 ,45 9 . 84 3 7 . 11 2.00 37.99 0 82 3 . 52 

2000 Low 6 . 63 2 . 6 7 0.02 0 .13 4.43 18.54 1.00 18 . 31 0.39 3. 73 
High 4. 02 1. 97 0.01 0 . 10 2 . 53 8.95 0 .48 10 . 16 0.22 2.57 

Total 10. 65 4.64 0.03 0 . 23 6. 96 27 . 49 l.48 28.47 0.61 6.30 



Table B.45 ( Con t ' d ) 

----- ---- ---------- - --- - --- ------ - ·--·-··---- -·- --- ------- --- - - -
Batte ry 

Year Category 
Scena rio Required (performance) Fe 203 ZnO Li2S LiCl Alum inum Iron KCl CuS BN Othe r Total 

- - ----·- - - - -·------- ·- -
LOW l 1985 Low 0.08 0 . 16 1.69 65.75 

High 0. 11 0.25 2.08 72. 91 
Total 0. 19 0 . 41 3. 77 138.66 

1990 Low 0.16 2.42 2 .65 98.49 
High 0 . 09 1.4 7 l.73 56. 8 1 

Tota l 0. 2 5 3.89 4 .38 155.30 
2000 Low 0. 13 5 .36 3.26 113.65 

High 0.08 1. 98 1. 65 52.98 
Total 0.21 7.34 4.91 166 . 63 

MED IUM 1985 Low 0. 11 4.64 1. 52 46 . 57 
k igh 0.19 7. 60 2 . l l 52.39 

Tot a l 0.30 12.24 3 . 63 98.96 
1990 Low 0. 11 17.46 0.80 I. 36 0 .89 0 . 98 I. 54 0.30 0.05 4. 12 122.17 

High 0 .03 5 . 7 3 0 .22 0 . 37 0. 24 0.27 0 . 45 0.08 0.02 1. 26 30.02 
Total 0 . 14 23 .1 9 1. 02 1. 73 1. 13 1. 25 1. 99 0.38 0.07 5.3!! 152.19 

2000 Low 0. 12 16. 38 0 .95 1.62 1. 06 1. 1 7 1.83 0 . 36 0. 06 3.37 95 . 20 f--' 
00 

High 0 . 04 7.58 o. 77 1. 31 0.88 0.96 1. 60 Q.29 0 . 05 l.83 47.65 w 
To ta l 0. 16 23 . 96 I. 72 2 .93 I. 94 2 . 13 3 .43 0 .65 0. 11 5.20 142 .85 

HI GH I 1985 Low 3.63 2 . 55 89 . 48 
High 3.69 1. so 43.23 

Total 7.32 4. 05 132.71 
1990 Low 21. 35 2 . 96 5. 03 3.30 3 . 65 5. 70 1. 11 0. 19 4.44 146. 18 

High 6 .86 0. 52 0. 88 0. 58 0.64 1.07 0. 19 0 . 04 1. 55 37. 43 
Total 28 . 21 3 .48 5 . 91 3.88 4.29 6. 77 I. 30 0. 23 5.99 183 . 61 

2000 Low 14 . 13 3 .73 6.34 4. 17 4 . 60 7. 18 I. 40 0 . 25 2 .48 100. 13 
High 6 . 75 2. 39 4.05 2. 66 2 . 95 4. 94 0.89 0 . 1 7 1. 70 57 .51 

Total 20 .88 6. 12 10 .39 6.83 7.55 12.12 2.29 0 . 42 4 . 18 157.64 

asattery mix depends on sc enario . 

b spec if ic gravity= 1.30 . 

c Po lypropylene . 



Table B.46. EV Replacement Battery Material Requirements per 100,000 
Vehicles by Scenario (106 lb/100,000 EVs)a 

·-
Year and Battery 
Scenario Type Lead H2S04 Glass Rubber Plas tic Nickel Cobalt LiOH KOH Copper Stee l 

1990 

LOW I Pb/ Ac id 33 .09 14.65 0.11 0.71 2 .68 
Ni/Zn 0 . 04 0 .16 0.01 0.17 

To ta l 2. 72 

MEDIUM Pb/Acid 7 . 40 3 . 15 0 . 02 0.15 0.58 
Ni/Zn 1. 56 6.64 0 . 36 7 . 31 0 .16 

Total 2 .14 

HIGH I Pb/Acid ll.98 5.01 0.04 0 .24 o. 92 
Ni/Zn 0.97 4 .1 2 0.22 4. 54 0 .10 
Li/S 0.86 

Total 1. 89 
r" 
CX> 

2000 .s::-

LOW I Pb/Acid 35.74 15.69 0.11 0.76 2.87 
Ni/Fe 0.01 0 . 01 0.02 0 . 02 
Ni/Zn 0 . 65 2.88 0. 16 3.02 0 . 06 

Total 3 . 53 2 .89 3.04 

MEDIUM Pb/Acid 7. 11 3 . 02 0.02 0 . 15 0 . 55 
Ni/Fe 0.01 0.01 

Ni/Zn 2. 60 11 . 83 0.64 12 . 12 0.26 
Li /S 0.56 

Total 3. 15 12 .13 0.57 

HIGH I Pb/ Ac id 4.36 1. 88 0.01 0.09 0.34 
Ni/Zn 2.06 9 . 17 0.49 9.59 0 . 21 

Li/S 2 . 06 
Total 2 .40 



Table B.46 (Cont' d ) 

Year and Battery 
Scenario Type Fe203 ZnO Li2S LiCl Aluminum I ron KC l CuS BN Other Total 

1990 

LOW I Pb/ Ac id 1.40 52 . 64 
Ni/Zn 0 .12 0.02 0.52 

Total 1.42 53. 16 
MEDIUM Pb/ Ac id 0 . 30 11. 60 

Ni/Zn 5.02 1.02 22 . 07 
Total 1. 32 33.67 

HIGH I Pb/ Ac id 0 .48 18 . 67 
Ni/Zn 3 . 12 0 . 63 13. 70 
Li/S 0. 52 0 . 59 0.58 0.65 1.08 0.20 0.04 0.02 4 . 54 

Total 1.13 36.91 
t-' 

2000 (P 
V, 

LOW I Pb/ Ac id 1.50 56.67 
Ni/Fe 0 .01 - 0.07 
Ni/Zn 2 .1 9 0.42 9 . 38 

Total 1. 92 66.12 
MEDIUM Pb/ Ac id 0.29 11.14 

Ni/Fe 0.01 - 0.03 
Ni/Zn 8.99 1. 69 38 .13 
Li/S 0.53 0.91 0.60 0.66 1. 07 0.20 0.04 - 4.57 

Total 1. 98 53 . 87 
HIGH I Pb/Acid 0 .18 6.86 

Ni/Zn 6. 96 1. 33 29.81 
Li/S 2.01 3.41 2.24 2.247 3 .96 0.75 0.14 0.07 16.97 

Total 1.44 53 . 64 

aBattery mix depends on the scenario . 



Table B.47 . EV Motor/Controller/Charger and Body Materials 
Requirements by Scenario (106 l b /100,000 EVs) 

LOW I MEDIUM HIGH I 

1985 1990 2000 1985 1990 2000 1985 1990 2000 

Motors/Controlle r s/ Iron 48.8 31 . 0 21. 9 45.2 33.5 20.1 47.5 34.9 20.4 
Chargers Steel 1.0 0.7 0.5 0.9 0.7 0.4 1.0 0.7 0.4 

Aluminum 8.0 5 . 6 4.3 7 .4 6.0 3.9 7.8 6.3 4 . 0 
Copper 32.9 22.8 17 .6 30.4 24.7 16.2 32.0 25 . 7 16.4 
Silicon 1. 7 1.0 0.7 1. 6 1.1 0 . 7 1. 7 1. 1 0.7 

Total 92.4 61. 1 45.0 85.5 66.0 41.3 90.0 68.7 41. 9 

Bodies Iron 8.9 5.0 7.3 8.8 7.0 7.3 11.1 6.7 7 .1 
Steel 140 .6 159.3 176. l 139 .8 218.7 174.6 166.2 232.8 160.1 
Aluminum 14.6 28.9 28 .o 14.5 37.7 28.0 18 . 0 38 . 1 26.6 
Pl astic 20.6 29. 6 29.8 20.5 35 .1 29 . 2 23.7 34 . 7 28.4 

I-' 

Tota l 184.7 222.8 241.2 183.6 298.5 239. 1 219 .0 312 . 3 
00 

222 . 2 °' 
Other materials 

Motors/Controllers/ 7.3 4.2 2.6 6.7 4.6 2.4 7.1 4. 7 2.4 
Chargers 

Bodies 46.0 50.9 55 . 3 45.7 66.6 54.5 53 .3 70.2 50.6 

Total 53.3 55.l 57.9 52.4 71. 2 56.9 60.4 74.9 53.0 

Total materials Iron 57.7 36 .o 29.2 54.0 40.5 27.4 58.6 41. 6 27.5 
Steel 141 . 6 160 . 0 176.6 140.7 219.4 175 .0 167 . 2 233.5 160.5 
Aluminum 22.6 34. 5 32 . 3 21. 9 43.7 31.9 25.8 44.4 30.6 
Copper 32.9 22.8 17.6 30.4 24 . 7 16.2 32.0 25.7 16.4 
Silicon 1. 7 1 .0 0.7 1. 6 1.1 0.7 1. 7 1.1 0.7 
Plastic 20 . 6 29. 6 29 .8 20.5 35.1 29. 2 23.7 34.7 28.4 
Other 53.3 55.1 57.9 52 .4 71. 2 56.9 60 .4 74.9 53 .0 

Tota l 330 .4 339.0 344 . l 321. 5 435.7 337.3 369 . 4 455.9 317.1 



Table B.48. Summary of EV Major Materials Requirements 
by Scenario (106 lb/100,000 EVs)a 

LOW I MEDIUM 

Material 1985 1990 2000 1985 1990 2000 

Lead 85.03 119. 99 121.05 27. 77 36. 26 23.14 
Nickel o. 73 5.53 12.75 16.45 37.29 43.54 
Copper 32.93 23.02 17.93 30.85 25.53 17.19 
Copper sulfide - - - - 0.38 0.85 
Iron 57.74 35.96 29.18 53. 92 41. 77 30.23 
Iron oxide 0 . 19 0.25 0.22 0 . 30 0 .14 0 .17 
Steel 141. 89 160.36 1 76. 92 141. 10 220.61 177.65 
Aluminum 22.60 34 .40 32.39 21. 87 44. 78 34.49 
Cobalt 0 .03 0.30 0.69 0.89 2.02 2.35 
Lithium hydrox i de 0.02 0.02 0.02 0.03 0.01 0 . 01 
Lithium sulfi de - - - - 1. 02 2.25 
Lithium chloride - - - - 1. 73 3 . 84 
Potassium hydroxide 0.88 5. 92 13.26 17.90 38.78 45.01 
Potassium chloride - - - - 1. 99 4.50 
Zi nc oxide 0.41 4.01 9.53 12.24 28.21 32.95 
Sil icon 1. 69 1. 01 0. 71 1. 5 7 1. 09 0.66 
Boron nitride - - - - 0.07 0 .15 
Sul fur ic acid 38.00 52.29 52 . 37 12.10 14.90 9.84 
Glass 0.27 0.38 0.37 0.09 0.11 0.06 
Rubber 1.85 2.55 2.55 0.59 o. 72 0.48 
Plastic 27. 77 40.43 42.23 26.57 46 .13 40.70 
Otherb 57 . 11 60.91 64.73 56 .08 77 .89 64 .11 

Total 469 .14 547 . 33 576.90 420.32 621.43 534 . 17 

avehicle mix depends on the scenario. 

HIGH I 

1985 1990 2000 

64.53 34. 53 15.01 
9.65 41.23 36 . 66 

32.22 26.64 17.23 
- 1. 50 3.04 

58.64 46.58 37 . 51 

167.14 237.63 168.87 
25.73 48.77 39.70 

0.52 2.22 1. 97 

- 4.00 8. 13 
- 6.80 13.80 

10.25 42.53 38 . 06 
- 7.85 16.08 

7.32 31. 33 27.84 
1.65 1.14 0.67 
- 0.27 0.56 

27.41 14. 22 6.52 
0.20 0.10 0 . 04 
1.34 0.69 0.32 

30.93 46.40 37. 71 
64.41 82.07 58.63 

501.94 676 . 50 528.35 

bincludes materials in some vehic l e items not expected to vary be tween EHVs and CVs. In parti-
cular, i t include s glass in windows, rubber in tires, and materials in Pb/acid accessory bat-
t e ry. 

f-' 
Oo 
-..J 



Table B. 49. LOW II Major Material Requirements (106 lb/100,000 EHVs) 

---

Year Used for Lead H2S04 Glass Rubber Plastic Nickel Cobalt LiOH KOH Copper Steel 

1985 EV Battery 60.58 27.08 0. 19 1 . 32 5 . 10 0 . 52 0.02 0 .01 0 .63 0 . 04 0 . 19 
HV Battery 28.46 11 . 88 0 . 08 0 . 58 2.17 
EV M/C/C3 23 .43 0. 71 
HV M/C/C 9.33 0.26 
EV Body 14 . 68 100. 19 
HV Body 7.64 53.94 
HV Ptb 4.40 

Total 89 . 04 38 .96 0.27 1. 90 29.59 0.52 0.02 0.01 0 . 63 32.80 159.69 

1990 EV Battery 56.24 24 . 36 0.17 1.19 5.27 3.48 0. 19 0 . 01 3 . 72 0. 12 0 . 24 
HV Battery 34. 71 14 .51 0 . 10 o. 72 2.66 
EV M/C/C 14 . 78 0 .42 
HV M/C/C 8.22 0 .24 
EV Body 19 . 13 103.13 
HV Body 11 . 56 63.21 
HV Pt 5.29 f--' 

CX> 

Subtotal 90.95 38.87 0.27 l. 91 38 . 62 3 .48 0 .19 0 . 01 3. 72 23 .12 172.29 co 

EV R Batteryc 21 .42 9 .48 0 . 07 0.46 1. 76 0 .10 0.01 0 .11 
HV R Battery 14.26 5 .89 0.04 0.29 1.08 

Subtotal 35.68 15.37 0 . 11 0 . 7 5 2.34 0 .10 0 . 01 0.11 
Total 126 .63 54. 24 0.35 2 .66 41 . 46 3.58 0.20 0 . 01 3.93 23 . 12 172.29 

2000 EV Battery 46.32 19 . 92 0 . 14 0.97 4 .86 5.35 0.29 0.01 5 . 55 0.14 0 .16 
HV Battery 44 . 03 18.48 0. 13 0.70 3.38 
EV M/C/C 9 . 56 0.26 
HV M/C/C 7.22 0.21 
EV Body 16 . 1 5 75.63 
HV Body 14 .61 79.99 
HV Pt 6.70 

Subtotal 90 . 35 38.40 0.27 1. 87 39 . 00 5.35 0.29 0.01 5.55 16 . 92 182.95 
EV R Battery 19 . 41 8 . 52 0.06 0 .41 1. 92 1. 57 0.09 1. 65 0.03 0.4 
HV R Battery 13.00 5 . 46 0.03 0 . 27 1.00 

Subtotal 32.47 13 . 98 0.09 0 . 68 2. 72 1 . 5 7 0 . 09 1. 65 0.03 0.01 

Total 122.82 52.38 0.36 2 . 55 41. 92 6.92 o. 38 0.01 7 . 20 16.95 182.96 



Table B.49. (Cont'd) 

Year Used for Fe203 ZnO Li2S LiCl Al urni num I ron KCl CuS BN Silicon Other Total 

1985 EV Battery 0. 14 0.29 2 . 69 98 . 80 
HV Bat t ery 1 . 14 44 . 31 
EV M/C/ca 5 . 68 34. 78 1 . 20 5.22 71. 02 
HV M/C/C 2.25 13.91 0 .49 2.07 28.31 
EV Body 10 .42 6.36 32. 78 164.43 
HV Body 5.85 3 .42 17.18 88 . 03 
HV PTb 2.89 8. 78 0.84 16.91 

Total 0.14 0.29 27.09 67.25 1 . 69 61. 92 511 . 81 
1990 EV Battery 0. 16 2. 51 2.83 100 . 49 

HV Battery l. 39 54 . 09 
EV M/C/C 3 . 59 20.06 0. 65 2.73 42 . 23 
HV M/C/C 1 . 99 11 . 13 0 . 36 l. 52 23.46 
EV Body 18 . 67 3.21 32.94 177 .08 
HV Body 11.23 1 . 56 20 . 12 107 . 68 
HV PT 4. 11 9.21 0.99 19.60 f--' Subtotal 0 . 16 2 . 51 39.59 45.17 1. 01 62 .52 524 . 63 CX> 

'° EV R BatteryC 0 . 08 0 . 92 34 .4 1 
HV R Battery 0 . 57 22. 13 

Subtotal 0 . 08 1.49 56 . 54 
Total 0. 16 2 . 59 39 . 59 45. l 7 l. 0 l 64.01 581 . 1 7 

2000 EV Battery 0 .11 3. 99 2 .67 90 .48 
HV Battery 1 . 76 68 . 68 
EV M/C/C 2 . 32 11 . 39 0 . 39 1 .42 25.84 
HV M/C/C 1. 77 8 . 99 0.28 l. 06 19 . 53 
EV Body 15 . 21 3 . 95 30.01 160.95 
HV Body 13. 73 3.51 25 .18 137 . 02 
HV PT 5.71 10.00 1. 43 23 . 84 

Subtotal 0 . 11 3 . 99 38 . 74 38 . 34 0.67 68 . 53 526.34 
EV R Battery 0 . 01 1 . 19 1. 04 25.91 
HV R Battery 0 . 57 20.39 

Subtotal 0 . 01 l. 19 1 . 61 56 . 20 
Tota l 0. 12 5. 18 38.74 38.74 0 . 67 65.14 582 . 60 

-
aM/C/C = mo t or/c ontroller/charger. 

bpc = powertrain. 

cR Bat tery = re placemen t bat tery. 



Table B.50. HIGH II Major Materials Requirements (106 lb/100,000 EHVs) 

Year Used for Lead H2S04 Glass Rubber Plastic Nickel Cobalt LiOH KOH Copper Steel Fe203 

1985 EV Battery 64 . 53 27.41 0 . 20 1 . 34 7. 22 9 . 65 0.52 10.25 0.22 
EV M/C/ca 32.00 0 . 97 
EV Body 23.71 166 . 17 

Total 64.53 27.41 0.20 l. 34 30 .93 9.65 0.52 10.25 32 .22 167.14 

1990 EV Battery 23 . 23 9.49 0.06 0 .46 10 . 14 38.23 2 .06 39. 13 0. 84 
HV Battery 0. 71 3.26 0. 17 3.34 0.07 
EV M/C/C 21. 92 0.63 
HV M/C/C 2.66 0.07 
EV Body 29.59 198.73 
HV Body 4 . 63 25.29 
HV Ptb 1.94 

Subtotal 23.23 9 .49 0.06 0.46 45 .07 41.49 2.23 42.47 25 .49 226.66 
EV R BatteryC 10.23 4.28 0 . 03 0 . 20 1.61 3.52 0 .19 3 . 88 0.09 
HV R Battery 

Subtotal 10 . 23 4.28 0.03 0.20 l. 61 3.52 0 .19 3.88 0.09 
Total 33.46 13. 77 0 . 09 0.66 46 .68 45.01 2.42 46.35 25.58 226.66 I-' 

'° 2000 EV Battery 10.32 4.50 0 .03 0.22 6 . 74 26 . 63 1 . 43 27 . 58 0 . 59 .0 

HV Battery 1.83 8.44 0.45 8 . 56 o. 18 
EV M/C/C 10. 54 0.28 
HV M/C/C 4.84 0.13 
EV Body 18.05 101.83 
HV Body 11. 64 63.87 
HV Pt 4.39 

Subtotal 10 . 32 4 . 50 0.03 0 . 22 38 . 26 35 . 07 1.88 36. 14 16. 15 l 71. 00 
EV R Battery 2. 77 1.20 0.01 0.06 1 .53 5. 83 0 . 31 6. 10 0 .13 
HV R Battery 0 .41 1. 90 0 . 10 1. 90 0.04 

Subtotal 2. 77 1.20 0.01 0.06 1.94 7. 73 0.41 8 .00 0 .17 

Total 13.09 5.70 0.04 0.28 40 . 20 42 .80 2.29 44 .14 16.32 1 71. 00 



Tab l e B. 50. (Cont'd) 

Year Used for ZnO Li2S LiCl Al uminum Iron KCl CuS BN Silicon Other Tota l 

1985 EV Bat tery 7.32 4.05 132. 71 
EV M/C/ca 7.76 47 .52 l. 65 7 .08 96.98 
EV Body 17.97 11 .12 53.28 272.25 

Total 7 . 32 25 .73 58. 64 l. 65 64.4 1 501.94 

1990 EV Battery 29. 06 6.40 159.10 
HV Batte ry 2.48 0 .48 10.51 
EV M/C/ C 5 .32 29.74 0.97 4.04 62.62 
HV M/C/C 0.64 3 .62 0 .12 0.50 7.61 
EV Body 32 .49 5 . 74 59 .93 326.48 
HV Body 4.50 0.64 8.05 43.11 
HV Pt b 1.51 3 .37 o. 35 7.17 

Subtotal 31 .54 44.46 43 .1 1 1.09 79. 7 5 616.60 
EV R BatteryC 2.66 o. 95 27.64 
HV R Battery 

Subtotal 2.66 0.95 27.64 
Total 34 . 20 44.46 43.11 1.09 80 . 70 644.24 I-' 

'° 
2000 EV Ba ttery 20 .23 4.22 102.49 

I-' 

HV Battery 6 .41 1.23 27. 10 
EV M/C/C 2.56 13 . 11 0.43 1.57 28.49 
HV M/C/C l. 17 6.03 0.1 9 o. 73 13.09 
EV Body 16 .95 4.51 32 .17 173. 51 
HV Body 10.97 2. 79 20. 13 109.40 
HV Pt 4. 19 7 .33 1. 04 17.45 

Subtotal 26 .64 35.84 33. 77 0.62 61. 09 4 71. 53 
EV R Battery 4.43 0.96 23.33 
HV R Batte ry 1 .44 0.27 6.06 

Subtotal 5.87 l. 23 29.39 
Total 32.51 35.84 33. 77 0 .62 62.32 500.92 

aM/C/C = motor/controller/charger. 

bpt = powe rtra in. 

CR Battery = r eplacement battery. 



Table B.51. 

LOW I 

Material 1985 1990 

Iron 28. 0 23 . 1 

Steel 141. 5 158 . 6 

Aluminum 20. 7 34.8 

Plastic l8 . 7 26 . 9 

Other 43. 8 49.2 

Total 252 . 7 292 .6 

CV Major Materia l s Requirements by Scenario (106 lb/100,000 vehic l es) 

LOW II MEDI UM HIGH I 

2000 1985 l 990 2000 1985 l 990 2000 1985 l990 2000 1985 

27.3 30.2 23.9 26. 2 28 . 8 34 . 9 27.4 32 . 7 38. 2 23.7 32.7 

l 7 l. 6 152. 6 164.0 171 . 2 145 . 1 211 . 8 l 71. 9 164 . 7 2l8.4 156 . 9 164.7 

35.4 22.3 36 . 0 36 . 3 21 . 2 42.4 35 . 3 24. l 41 . 5 33.6 24 .1 

27. 0 20. 2 27.8 27.8 19.2 32 . 2 26.9 21. 8 31 .0 25.8 2l. 8 

52.5 47 . 2 50. 9 52 . 7 44 . 9 64 . 5 52.6 50 . 9 65 .8 48.4 50 .9 

313.8 272 . 5 302.6 314 . 3 259 . 2 385. 8 314 .1 294.2 394.9 288 . 4 294.2 

HIGH II 

1990 

36 . 3 

209.6 

40 . 4 

30 . 3 

63 . 2 

379 .8 

2000 

24 .0 

162 . 2 

34 .8 

26 . 8 

49 . 7 

297. 5 

i-' 
v:, 
N 
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facility and 1s considered a net credit to the intermediate manufacturing 
step. These energy credits are accounted for in this analysis and are legit
imate in that they reduce the demands for external energy supplies. 

Manufacturing and assembly operations of the Ni/Fe battery are listed 
1n Ref . B.20. No specific data have been found to determine the energy 
requirements of Ni/Zn battery manufacture and assembly operations. However, 
two major references intimated that battery assembly would be essentially the 
same as for the Ni/Fe battery.B.21,B.22 Certain differences in the fabrica
tion and assembly operations because of the use of metals and pastes led to 
estimating an increase in anticipated power requirements over the Ni/Fe 
battery by 25%. In any case, energy requirements for assembly are compara
tively insignificant in tota l battery manufacture. 

Few data are available for the manufacturing and assembly operations 
for the Li/S battery. Mixing, drying, and forming operations are assumed to 
be similar to the Ni/Fe battery, and an allowance for energy consumpt ion in 
the steel-case forming operation is included.B.23 

B.3.3 .2 Vehicle Fabrication and Assemb l y 

Energy used in the fabrication of parts and assembly of the vehic l es 
is derived from Table s 9.7 and 9.8 of Ref. B.6. Energy requirements for 
materials manufacture (metallic and other), when converted to energy units per 
pound, are subtrac ted fr om the total energy requirements to yield the energy 
required for fabrication and assembly, i.e., 13.085 x 109 Btu/106 lb. 

B.3.3.3 Materials Mining, Milling, and Refining 

The mining, milling, and refining of materials contained 1n the fin
ished vehicles require substantial amounts of energy. For each million pounds 
of pure aluminum from bauxite, 122 x 109 Btu are required.B.24 However, 
only 4.25% of the aluminum produced is derived from domestic bauxite . Another 
26.96% is from imported bauxite and 11.09% from imported alumina , which is a 
concentrated form. Recycled a l uminum scrap amounts to 57. 7% of the total 
feed. After we ighting energy requirements for each processing phase by the 
share processed, composite energy requirements for aluminum amount to 58.57 x 
109 Btu for each million pounds of pure aluminum. 

Similarly, electrolytic nickel consists of various proportions of 
domestic ore (5%), recycled metal (25%), imported ore (30%), nickel concen
trate imports (35%), and imported nickel sulfide ores (5%). Introduc i ng these 
feeds at the proper processing stage and computing energy consumption resu l ts 
1n energy use of 45.4 x 109 Btu per million pounds of nickel.B.24 

The copper produced in this country is from domestic ore (66%), im
ported ore (9.3%), refined metal imports (14.1%), and refined scrap (10.6%) . 
The calculated weighted composite energy requirement is 43. 9 x 109 Btu per 
mil lion pounds of refined copper.B .25 

Iron and steel energy requirements are 10.86 x 109 Btu for each 
million pounds of iron and 12.53 x 109 Btu for each million pounds of steel, 
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based on a composite feed of natural ores (18%), pelletized tacon i te ( 54%), 
and recycled scrap (28%) . Two reports are used to structure a composite 
energy requirment schedule that recognizes existing technology and sources of 
raw material supply.B.24,B.26 

L ithium requires 197.8 x 109 Btu for each million pounds.B . 27 
However, each pound of Li2S contains 30.2% lithium and 69.8% sulfur, the 
latter material requiring 4. 68 x 109 Btu per mil lion pounds. On a weighted 
average basis, Li2S requires 63 x 109 Btu for each mill i o n pounds con
tained in the batteries. Calculating in a similar manner and based on 
lithium comprising 16.04% of the lithium salt, LiCl requires 36.40 x 109 
Btu for each million pounds in the batteries. It is assumed that all lithium 
to be used in the 100 , 000 vehicle unit will be mined from domestic ores. 

Energy data for the production of zinc by the electrothermic process 
are adjusted to der i ve the e n ergy r e quired before the electrothermic reduction 
process that converts the zinc oxide to zinc metal.B.27 Then, the 42% of 
final zinc oxide derived from domestic ores, the 13% imported ore (that does 
not require domestic energy for mining , crushing, and beneficiation), the 
6% of secondary scrap that enters at the roasting stage, and the 39% that is 
imported in final form are combined to yield an energy requiremen t of 5.98 x 
109 Btu for each million pounds of z inc oxide. For comparison, one million 
pounds of dome stically produced zinc oxide (from ore to finished product) 
requires 11. 9 x 109 Btu. 

Potassium hydroxide can be man ufactured as a by-produc t in the produc
tion of chlorine gas from a natural l y occurring brine . The process requires 
4.68 x 109 Btu per million pounds of potassium hydroxide.B . 25 Silicon re
quires 60 x 109 Btu per mil l ion pounds.B.24 

The a bove composite feed material percentages are based on pr esent data 
and may be different in 2000. For example , there may be more recyc 1 ing of 
some of the above materials . Two e xamples of the impl i cation of recycling on 
energy consumption 1n the production of EHVs are discussed later in Sec. 
B.3.5. 

The following assumptions are made in calculating the energy require
ments of the other materials . 

1. Coppe r sulfide 
cop per, i.e . , 
metal. 

and cobalt require the same energy as 
43 .97 x 109 Btu per million pounds of 

2. Potassium chloride r equires the same energy as potassium 
hydroxide, i . e. 4.68 x 109 Btu per million pounds. 

3 . Plastic requires the same energy as that required for the 
plastic battery cases in Ref. B.19, i .e., 4.80 x 109 Btu 
per million pounds. 

4. Iron oxide requires the same energy as iron, 1. e. , 
10.86 x 109 Btu per million pounds. 

5. Lithium hydroxide r equires approximately the same energy 
as lithium, i.e . , 197.8 x 109 Btu per million pounds . 
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B.3.3.4 Specific Energy Consumption by Scenario 

Based on the foregoing information and assumptions, energy require
ments are derived for each scenario. Tables B.52-B.55 present the energy 
requirements for producing the four battery types . Tables B.56 and B.57 
indicate the energy requirements for production of the motors/controllers/ 
chargers and bodies of the EHVs. Replacement battery energy requirements are 
derived in the same way as new battery r equirements and are given in Tables 
B.58 and B.59. Table B.60 provides the energy requirements for the HV 
powertrain. 

CV energy requirements are based on the same materials and assembly 
processes as are used in the EHV motor/controller/charger and body tables . 
Table B.61 presents a summary of the energy requirements for EHVs and CVs. 

Energy requirements for certain materials are not included 1n the 
calculations. Glass, rubber, and boron nitride are included in certain 
EHV batteries but in such small amounts that the energy requirements are not 
calculated. More importantly, the undefined "other" materials in EHVs and CVs 
make up roughly 12% and 17%, respectively, of the EHV or CV weight and that 
the energy requirements for these "other" materials are not calculated here. 
However, a reasonable estimate of these energy requirements can be made by 
extrapolating from the energy requirements of the defined materials. 

In the early years of all the scenarios, less than 100 ,000 vehicles/yr 
are produced. Therefore, the energy consumption from production could actual
ly be higher in these years than the estimates because of the inefficiency of 
low-volume production. 

B.3.4 Emissions Generation 

The source for Pb/acid battery production emissions 1s Ref. B.19. 
Reports on Ni/Fe and Ni/Zn batteries do not yield definitive data concerning 
emissions.B.20,B.21 The Li/S battery is notable for a complete lack of 
information regarding emissions. In general, emissions from the fabrication 
of all four batteries have been assumed by others to be negligible, because 
the operations will be carried on in a closed cycle in order to meet new 
environmental quality regulations . B.19 , B.20,B.21 

Tables B.62-B.74 summarize the basic data used to derive the pollu
tants by scenario. Air emissions have been estimated from Ref. B.28. 
Because emission standards will be more severe for operations in 1985 and 
beyond, air emissions reported here are those that might escape a good state
of-the-art control technology. State-of-the-art equipment includes electro
static precipitators, venturi scrubbers, and baghouses.B . 28 

Water emissions that might be expected are patterned after those 
defined in Ref. B.19, which assumes the level of emissions that would result 
from application of best available technology. Solid wastes arise principally 
in mining and milling where overburden, waste rock, and tailings predominate. 
Solid wastes generated in refining or processing will probably be recycled, 
and ultimate waste disposal may consist primarily o f water treatment sludges 
and nonmetallic components of the concentrated ores. Amounts shown in Tables 



Table B.52. Pb/Acid Battery Production Energy Requirements by Scenario, 
New Batteries (109 Btu/100,000 EHVs)a 

- ---------

LOW I LOW I [ HEDI UM HIGH I 

1985 1990 2000 1985 1990 2000 1985 1990 2000 1985 1990 2000 
------ - ·-- . • · - - ·- ---- --- ---- --- -- · --- ·- - --- - - - ------- - -----·---- ·- -- -- ----

Material 

Lead: mine. refine, recover. 497 .4 509 .8 499 , 0 516.6 533.0 528.5 162.5 I 68 . 7 93.7 377 .5 136.5 77. 7 
manu facture , transportb 

Sulfuric acid : mine. manufacture , 0. I 0.2 0 . 2 0.1 0.2 0, 2 0 .1 - - 0 . I 0.1 
preparation, transport 

Plastic : manufacture 33. I 20. I 18.3 33.9 32.I 26.8 10.6 7 .5 3.3 23.9 3 . 6 2 .4 

Assembly 0.2 0 . 2 o. 2 o. 2 o. 2 0.2 0.2 0. 2 0. I 0 .2 0 . 3 0.2 

Total 530 .8 530.3 51 7 . 7 550 .8 565 . 5 555.7 173 ,4 176.4 97.1 401.7 140 .5 80.3 
- -· --~-. - ----- . --- -- - ----- ---- --- . - -·- - ---- ----- -------------- - - - --- - - - --- -

aRequirernents based on Ref. B 19. 

b49;. mined, 51¼ recoven,d (scrap, r ecycle, etc . ). 

HIGH II 

1985 1990 

135 .9 

8.3 

0.2 

144.4 

2000 

60.4 

3 . 7 

0.2 

64 . 3 

f--' 
,I.O 

°' 



Table B.53 . Ni/Fe Battery Production Energy Requirements by Scenario, 
New Batteries Clo9 Btu/100,000 EHVs) 

HIGH 1 and 
LOW I LOW 11 MEDIUM HIGH 11 --

1985 1990 2000 I 98 5 1990 2000 1985 1990 2000 1985 1990 2000 

Material 

Nickel: mine, refine, transport 8.2 11. 1 8.8 5.9 7. 1 4.8 12.8 6. l 7 . 0 
Cobalt: mine, refine, transport 0 4 0 . 5 0.4 0.3 0.3 0 . 2 0.6 0.3 0.3 

Copper: mine, refine, transpor t l. 9 2 . 5 2.0 l. 4 1. 6 l. l 3.0 1.4 1. 6 

Steel : mine, re fine, transport, convert 3.5 4.6 3 6 2 5 2 . 9 2 .0 5 . 5 2.5 2 . 9 

Ferric oxide: mine, refine , transport 2. l 2 .8 2 2 I. 5 l . 8 1.2 3.3 l. 5 I. 7 

Lithium hydroxide: mine, process, 3 . 2 4.2 3.3 2.3 2.7 1 .8 5.0 2. 3 2.6 No Ni/ Fe 
transport Batteries 

Potassium hydroxide: mine, process, l. 4 l. 8 1 .5 1.0 1. 1 0.8 2 . 2 1.0 1. l 
transport 

Plastic cases (4.763 x 109 Btu/106 lb) 5.3 7. 1 5.6 3 . 8 4.5 3.0 8 . 4 3 .9 4.4 f-' 
\.0 

Manu fact ure and assemblya,b -...J 

Electricity (11 . 55 x ]06 Btu/J06 lb) 

Fuel oil (5.58 x 106 Btu/106 lb) 

Total 26 .0 34 .6 27 .4 18 .7 22 . 0 14.9 40.8 19.0 21.6 
-

aRequirements from Ref. 8.20. 

bRequirements are <0.05 x 109 Btu for each scenario. 



Table B.54. Ni/Zn Battery Production Energy Requirements by Scenario, 
New Batteries (109 Btu/100,000 EHVs) 

LOW I LOW II MEDIUM HIGH I HIGH II 
- ------- ·- - - --------

1985 1990 2000 1985 1990 2000 1985 1990 2000 1985 1990 2000 1985 1990 2000 

--
Materia l 

Nickel : mi ne, refine . t.ransport 24. 8 233,2 438 . 6 l7 .9 149.8 238.2 734 .1 138 5 . 0 1432 . 5 438.2 1685.0 1247.7 438.2 1883 . 7 1588 . 8 

Zinc oxide: mine, ref i ne, 2 5 23 .3 43.9 1.8 15 0 23.8 73.2 I 38 . 6 143. 3 43.7 168 . 7 124 8 43.7 188.6 158.9 

transport 

Cobalt and coppe r: mine, refine, I . 9 17 . 2 32. 3 1. 4 11 . 1 l 7 . 5 54 .8 IOI . 9 105 . 7 32.5 123 9 92. 1 32.5 138 . 5 117.3 

transport 

Potassium hydr oxide: mine, refine, 2 8 25. l 46 ,4 2 0 16. 1 25 . 2 81. 7 146.2 152. 7 48.0 177 8 133.2 48 , 0 198.8 169 . 6 
transport 

Plast.ic cases 0.6 5.5 10.2 0 4 3 . 5 5.5 17 8 32 . 0 33 . 4 10 . 5 38.9 29. l 10.5 43.5 37.l 

Process i ng and assemblya 

Electricity (125% x 11 . 55 x 106 
Btu/106 l b [0.0144] ) 

0. 1 0.2 0 .4 0 . 1 0 . l 0 . 2 0.8 1. 4 1 . 5 0.5 l. 7 1.3 0.5 1 . 9 l. 7 

Fue l oil (110% x 5.58 x 106 - O. I 0.2 0 , 1 0 .1 0 3 0 6 0 . 6 0.2 0 . 7 o.s 0. 2 0.8 0 6 
Bt u/106 lb [0.006 14 ] ) ..... 

\D 

Total 32.7 304.6 572 .0 23 . 6 19 5 . 7 3 10.5 962. 7 1805.7 1869 . 7 573 . 6 2196 . 7 1628 . 7 573 . 6 2455. 8 2074 . 0 o::i 

--- - ---------- - - --- - -- - - - - --- -----
aRef. B.20 data for Ni/Fe batt e ry with 125% electricity for electrolytic process. 



Table B.55 . Li/S Battery Production Energy Requirements by Scenario, 
New Batteries (109 Btu/100,000 EHVs) 

- - ---- - ----·--- - - --- -------------·-- ---- ---
LOW I. LOW II. and HIGH II 

1985 1990 2000 1985 

MEDIUM 

1990 

HIGH I - --- -
2000 1985 1990 

---------- - - ----- - -------···-· ·- -
Mat erial a 

Lithium sulfide 

Lith ium chloride 

Aluminum 

Iron 

Potassium chloride 

Steel (case and cover) 

Copper sulfide 

Total materials 

Manufacture and assembly 

Mixing . drying. fo rmingb 

Electricity (12 x 106 Btu/106 lb) 

Natural gas (8 .5 x 106 Btu/106 lb) 

Fuel oil (4 . 5 x 106 Btu/106 lb) 

Case forming 

Electricity (6 x 106 Btu/106 lb) 

Total 

No Li/S 
Batteries 

63.9 110 .8 

62.7 106.7 

66.3 112 . 7 

13 .6 23.l 

9 3 16. 1 

12.9 22.4 

16.7 28.5 

245 .4 420.3 

0 .1 0.2 -

0. 1 0.1 -

0 . l 0. l -

0. I 0. l -
245 . 9 420 8 -

- -- --- -- ------------- ·-- - -------- ----- --·--·-----
a Energy required to mine . refine, process, recover and transport mat erials is included. 

bThese numbers assume that the r equirements and proportions are the same as fo r Ni/Fe batte r ies. 

219.0 

215.1 

227.3 

46.6 

31.7 

44 . l 

57 .l 

840 .9 

0.4 

0.3 

0.1 

0.2 

841. 9 

2000 

385.4 

378.1 

399 .6 

82.0 

56 . 7 

79 .0 

100 . 5 

1481. 3 

0.6 

0.4 

0.2 

0.3 

1482. 8 

t-' 
\0 

'° 



Table B.56. Motor/Controller/Charger and Body Production Energy Requirements 
in LOW I, MEDIUM, and HIGH I (109 Btu/100,000 EVs) 

LOW I MEDIUM HIGH I 

1985 1990 2000 1985 1990 2000 1985 1990 2000 

Material 

Iron 626.6 391. 0 317.1 586 .4 439.8 297 .6 636.4 451. 8 298.7 

Steel 1,774.2 2 , 004.8 2 , 212.8 1,763 .0 2,749.1 2,192.8 2 , 095.0 2,925.8 2,011. 1 

Aluminum 1,323.7 2,020 . 7 1,891.8 1,282.7 2,559.5 1,869.4 1 , 511.1 2,600.5 1,792.2 

Coppe r 1,446.6 1,002 . 5 773.9 1,336.7 1,086.1 712.3 1,407 . 0 1,130.0 721.1 

Silicon 102.0 60.0 42.0 96 .0 66.0 42.0 102.0 66.0 42.0 

Plastic 98.9 142.1 143.0 98.4 168.5 140.2 113 .8 166.6 136 . 3 

Total 5,372.0 5,621.1 5,380.6 5,163.2 7,069.0 5,254.3 5,865.3 7,340.7 5,001.4 
N 
0 

Fabricat ion 4,323.3 4 ,435.8 4,502.5 4,206.8 5,701.1 4,413 . 6 4,833.6 5,965.5 4,149 . 3 0 

and assembly 
(13 . 08 5 X 10 9 
Btu/106 lb) 

Total 9,695.3 10,056.9 9,883.1 9,370 . 0 12,770 . 1 9,667 . 9 10,698.9 13,306.2 9,150.7 



Tab le B. 5 7. Motor/Controller/Charger and Body Production Energy Require-
ments in LOW II and HIGH II (109 Btu/100,000 EHVs) 

LOW II HIGH II 

1985 1990 2000 1985 1990 2000 

EVs 

Mater ials 3,827.3 3,637.9 2,921.1 5,865.3 6,264.0 3,186.3 
Fabrication and assembly 3,080.2 2,870.8 2,444.4 4,833.6 5,090.5 2,643.4 

Total 6,907.5 6,508.7 5,365.5 10,698.9 11,354.5 5,829.7 

HVs 

Materialsa 1,891. 1 2,144.8 2,448.2 0 816.5 1,932.1 

Fabrication and assembly 1,521.9 1.716.7 2,048.8 0 663.5 1,602.9 
Total 3,413.0 3,892.0 4,497.0 0 1,480.0 3,535.0 N 

0 
I-' 

Total 10,320.5 10,400.7 9,862.5 10,698.9 12,834.5 9,364 . 7 

aHv materials proportions (iron, steel, plastic, aluminum, etc.) are identical to EV 
scenarios. 
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Table B.58. Replacement Battery Product ion Energy Requirements 1n 
LOW I, MEDIUM , and HIGH I (lo9 Btu/100,000 EVs) 

LOW I MEDIUM HIGH I 

Battery 1990 2000 1990 2000 1990 2000 

Pb/Acid 

Lead 192.17 209.06 43 . 30 41 . 57 70 .10 25.50 
Sulfuric acid 0.07 0 .08 0.02 0.01 0 . 02 0. 01 
Plastic 12.66 13.65 2 . 7 5 2 . 63 4 . 37 l. 64 
Assembly 0.02 0.02 0 . 01 0.01 0.01 0.01 

Total 204.92 222.81 46 . 08 44 . 22 74 . so 27 .16 

Ni/Fe 

Nickel 0.48 o. 22 
Lithium hydroxide o. 18 0. 08 
Potassium hydroxide 0.08 0 . 04 
Copper and cobalt o. 13 0.06 
Steel 0.20 0.09 
Ferric oxide 0 . 12 0 . 06 
Manufacture 

Total 1. 19 0 . 55 

Ni/Zn 

Nickel 7 . 38 130.92 301.67 536.93 18 7. 18 416.32 
Zinc 0 74 13 .09 30.04 53. 75 18.64 41. 59 
Copper and cobalt 0.55 9 69 23 .00 39 .50 14 . 05 30 . 78 
Potassium hydroxide o. 82 14 . 13 34.20 56.70 21. 2 7 44 .87 
Plastic 0 18 3.08 7.44 12.40 4.63 9 . 80 

Total 9. 67 170.91 396. 35 699.28 245. 77 543 . 36 

Li/S 

Lithium sulfide 33. 1 7 32 . 95 126.36 
Lithium chloride 33. 14 32.28 124 . 00 
A 1 umi num 34. 90 34 . 10 131. 03 
Iron 7 . 16 7 .01 26.88 
Potassium chloride 5.00 5 . 03 18.54 
Steel 6.97 7.02 25 .81 
Copper sulfide 8 .80 8.80 32 . 90 

Total 109.74 12 7.19 485.5 2 

Total 214 .59 394.9 1 442 .43 873.79 44 7 .46 1056.04 
------ -·---- -- - ---
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Table B.59. Repl acement Battery Production Energ~ Re-
quir ements in LOW II and HIGH 11 (10 
Btu/100,00 EHVs) 

LOW 11 HIGH II 

Battery 1990 2000 1990 2000 

Pb/ Ac id 

Lead 216.06 197.39 59 .85 16.20 
Sul fur ic acid 0.07 0 . 06 0 . 02 0 
Plastic 13.33 12. 16 3.62 1.00 
Assembly 0.02 0 . 02 0.01 0 . 01 

Total 229.48 209.63 63 . 50 17 . 21 

Ni/Fe 

Total 0.65 

Ni/Zn 

Nickel 159.81 350.94 
Zinc 15. 91 35.10 
Copper and cobalt 12.29 25 .46 
Potassium hydroxide 18 . 16 37 .44 
Plastic 4 .05 8.23 

Total 6.26 92.80 210.22 457. 17 

Total 235.74 303.08 273 . 72 474.38 

Table B.60. HV Powertrain Weights, Composition, and 
Production Energy Requirements 

LOW II HI GH 11 

1985 1990 2000 1985 1990 2000 

Powertrain weight 16.91 19. 60 23.84 7 . 17 17 . 45 
(106 lb) 

Composition 
(weight%) 

Steel 26.0 27 . 0 28. 1 27 28 
Aluminum 17. 1 21. 0 24.0 21 24 
Iron 51. 9 47 .0 41. 9 47 42 
Other 5 . 0 5 .0 6 .0 5 6 

Total 100 .0 100 . 0 100 . 0 100 100 

Product ion energy 319 . 8 
(1Q9 Btu) 

407 .4 527 . 5 149 . 0 386 . 1 



Table B.61. Summary of EHV and CV Energy Requirements by Scenario (1Q9 Btu/100 , 000 vehicles) 

Scenar i o 

LOW l LOW II MEDIUM HIGH I HIGH II 

1985 1990 2000 1985 1990 2000 1985 1990 2000 1985 1990 2000 1985 1990 2000 

EVs or EHVs 

New vehicle bat t er ies 589 869 I , 117 592 783 881 I , 177 2,247 2,409 976 3, 179 3,192 976 2,600 2, 138 
Mot ors/cont rollers/chargers 5,372 5,621 5,38 1 5, 7 I 9 5 , 783 5,370 5,163 

and bod ies 
7,069 5,254 5,865 7,341 5 , 001 5,865 7,081 5,118 

Powertrains - - - 320 407 528 - - - - - 149 386 

Replacement batter ies - 215 395 - 236 303 442 874 - 447 1,056 274 474 

Mach in i ng, f abricat i on, 
and assemblyb 

4,323 4,4 36 4,502 4,602 4,588 4 ,493 4,207 5,701 4 ,414 4,834 5,965 4,149 4, 834 5,754 4 ,246 

Total 10,284 11 ,141 11 ,395 11,233 11,797 I I, 575 10 , 547 15,459 12,951 11 ,675 16 ,932 13 , 398 11 ,675 15,858 12,362 

CVs 

Materials 3 , 380 4 , 405 4,650 3, 646 4 , 555 4 ,691 3,465 5,671 4 , 648 3, 935 5,731 4,315 3,935 5,532 4,460 
Machining, fabrication, 3,307 3,829 4, 106 3,567 3,959 4 , 112 3,392 5,049 4 , 110 3,850 5, 167 3 , 775 3,850 4 ,970 3,893 

and assemb l yb N 
0 

Total 6,687 8,234 8,756 7,213 8,5 14 8,803 6,857 10 , 720 
.i,-

8,758 7, 785 10,898 ~. 090 7,785 10 , 502 8,353 

aEnergy for undefined 11other ma t eria l s 11 and materials present in small amounts are not i nc luded in t his table . 

bEne rgy r equirements for the vehic l e only. Rattery assembly i nc lude d e l sewhere. 
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B.62-B.74 are from reported data and, in most cases, would be reduced in the 
future through tighter operating controls . 

The Pb/acid battery emission factors for lead, plastic, sulfuric 
acid, and assembly are derived from Ref. B.19 (see Tables VI-2, VI-3, 
VI-4, and VI-7). These figures are adjusted from pounds per megawatt hour to 
pounds per million pounds of specific material contained in the final battery. 

Estimated emissions from assembly of Ni/Fe batter ie s include emissions 
from the processing of nickel, iron and steel, copper, potassium hydroxide, 

Table B.62. Lead Trajectory Emissions (lb/106 lb Pb)a 

Residual 

Air pollutant 

SOX 

Particulates 

Heavy metals 

Water pollutantC 

TDS 

TSS 

BOD5 

Oil and grease 

Pb 

Zn 

Solid waste 

Waste rock 

Tailing 

Slag and sludge 

Mi ne 

NAd 

56 

NA 

31 

0.8 

0 . 5 

1,479 

49 

Mill 

1.50 X 106 

8.0 X 106 

Primary 
Refining 

4,376 

2,974 

1,225 

412 

4 

0 .1 

0.8 

174,440 

Scrap 

1,607 

4 

0.1 

85,680 

Secondary 
Refining 

419 

507 

179 

82,110 

arhese em1ss1ons take into account the correct proportions of lead that will 
be processed at each stage, i .e., lead is 49% primary lead and 51% secondary 
recycle. 

b350 lb/ 106 lb Pb in PbO manufacture. 

cAssumes a leve l of emissions that would result f rom use of 1983 best avail
able technology (BAT) controls. 

dNot ava i lable. 

Source: Ref. B.19, Table VI-2, p. V-5. 
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Table B.63. Plastics Trajectory Emissions (lb/106 lb plastic) 

Res idua l 

Air pollutant 

SOx 

NOx 

HC 

co 
Particulates 

Water pollutanta 

TDS 

TSS 

B0D5 

Oi l and grease 

Heavy meta l s 

Solid waste 

Domes t i c Oil/Gas --------
Onshor e Offshore 

20,204 

0 . 6 

8.5 

0.7 

l. 8 

0.6 

2 , 608 

Crude 
Refining 

425 

352 

421 

3 

48. 5 

352 

l . 3 

J 

0 . 3 

0 . 2 

1 , 01 5 

Nalural Gas 
Process Pl ants 

0 4 

85 

28 

0. 3 

13 .o 

Inter mediate 
Manufacture 

3, I 50 

10 . 5 

756 

10 . 5 

10 .5 

Fina l Pr oduc t 
Manufac ture 

34, 000 

1, 000 

220 

20 

30 

6,620 
-------------------------------------------------
aAssumes a level of emiss ions that wou l d resul t from use o f 1983 best availab l e tec hnol ogy (BAT} 
controls. 

Source: Ref. B.19 , Table VI-4, p. VI-11. 

plastic, and batte ry assembly. Of particular i n terest are the copious quanti
ties of sulfur dioxide generated in n ickel refining. However, emissions are 
captured and used as feed to a sulfuric acid plant. I n iron processing as in 
steelmaking, large quantities of carbon monoxide are created but are used 
within the plant as process fuel and little, if any, escapes the facility. 
Steelmaking may create hazardous emissions , such as hydrogen fluoride gas and 
calcium f l uoride in slag or water treatment sludges. Copper sulfides and lead 
sulfides escape as particulates, but it is anticipated that more than 90% of 
the quantities anticipated would be captured and recycled through use of 
electrostatic precipitators. Potass i um hydroxide, a coproduct wi t h chlorine 
in the chloralkali process, represents captured air emissions that have 
migrated through the water flow to wind up in the solid waste segment in t he 
brine purification mud. 

In the Ni/Fe battery assemb ly, an indication of things to come 1.s 
the absolute limits set on total suspended solids by Connecticut.B.22 No more 
than 3.75 lb o f Ni and 0.6 lb of Cd may be released by a battery processing 
plant in any day. This may become a national standard. 

In the Ni/Zn oxide battery summary, the only new item 1s the zinc 
oxide constituent. Air pollutants from the primary refining process are 
considerable.B.22 Sulfur trioxide (S03) emissions are e quivalent to 110% 
(by weight) of the zinc formed, but these emissions would be captured and 
used as feed to a sulfuric acid plant. Particulates are approximately 66% in 
the form of zinc sulfide, wi th the balance containing lead sulfide. Electro
static pre cipitators would result 1.n almost total recovery o f these pol
lutants. 
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Table B.64. Sulfur Trajectory Emissions (lb/106 lb tt2so4)a 

Residual 

Air pollutant 

SOX 

NOx 

HG 

co 
Particulates 

Water pollutantb 

TDS 

TSS 

Sulfides 

Mine 

0.6 

168 

2.8 

16 

7 

30 

7 . 5 

2.5 

Recover 

653 

HzS04 
Manufacture 

2000 

188 

aThese emissions take into account the correct proportions of sulfur that 
will be processed at each stage, i . e ., sulfur is 33% sulfur ore, 33% sul
fur recovered from other sources, and 33% S02 captured from other pro
cesses. 

bAssurnes a level of emissions that would result from use of 1983 best 
available technology (BAT) controls. 

Source: Ref. B.19, Table Vl-3, p. VI-8. 

Reference B. 28 indicates that 350 parts per mil lion (ppm) fugitive dust 
will be emitted from the mining and concentration of spodumene ore to yield 
lithium for l ithium sulfide batteries . B.28 In primary refining, the calcina
tion step generates carbon dioxide that is vented. Water emissions for 
lithium treating are taken from the new source performance standards for 
mining .B. 28 These standards me ntion that the tailings from ore concentra
tions can contain hazardous materials like heavy metals, sulfides , and sulfur . 
These are usually disposed of in tailings ponds where the solids settle. The 
supernatant water is then treated and released . Water treatment sludge is 
returned to the settling pond. 

Producing aluminum for the lithium battery (and for the structural 
components of the vehicles) creates substantial particulates.B . 28 In bauxite 
grinding, 75 ppm of total particulates enter the electrostatic precipitator 
and about 18. 7 ppm are emitted. Calcination of aluminum hydroxide creates 
1180 ppm of part iculates that are reduced to 624 ppm in an electrostatic 
prec1p1tator. The 57 . 7% of the aluminum that is recycled releases some 1952 
ppm of particulates after baghouse treatment of the emissions. In the anode 
baking furnace, a self-induced spray treatment captures most of the particu
lates, but 30 ppm total particulates are still released along with some 18.6 
ppm of gaseous fluorides. Treatment of the air pollutants from the prebaked 
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Table B.65. Nickel Trajectory Emissions (lb/106 lb Ni)a 

Residual 

Air pollutant 

SOX 

Particulates 

Heavy metals 

Water pollutantd 

TDS 

TSS 

BOD5 

Oil and grease 

Solid waste 

Waste rock 

Tailings 

Smelting slag 

Mine 

1 

NA 

0.2 

145 -

5 -

1.6 X 104 

Mill 

NA 

5.6 

196 

2.1 

2975f 

Primary 
Refining 

b,c 

4500 

1870 

3150g 

Scrap 

C 

250 -

87.5 

Recycle 
Material 

arhese emissions take into account the correct proportions of nickel that will 
be processed at each stage, i.e., nickel is 5% domestic ore, 5% nickel sul
fide, 30% imported ore, 35% imported concentrate, and 25% recycle/secondary. 

bTypical Ni smelt y i elds 221 tons/day (TPD) S02 captured and fed to a sulfuric 
acid plant. 

CRefining and recycle may produce nickel carbonyl. 

dAssumes a level of emissions that would result from use of 1983 bes t avail -
able technology (BAT) controls. 

eNot available. 

frailings are returned to mine (Ref. B.22, Table 3-13, pp. 3-58). 

8Slag is disposed of. 

Source: Ref. B.22. 

reduction cel l y i elds 1010 ppm of total particulates, which contain 253 ppm of 
particulate fluorides and 123 ppm of gaseous fluorides. Iron oxide, silica, 
and other impurities are found in waste waters and are captured in water 
treatment sludges. 

The emissions shown in Tables B.62-B.74 reflect, for each material, the 
proportion of the 106 lb of that material that enters each individual process
ing step in the Uni ted States. That is, mining emissions are applied to the 
proportionate share contributed by domestic ore, and milling or concentrating 
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Table B.66 . Iron Trajectory Emissions (lb/106 lb Fe)a 

Residual 

Air pollutant 

co 

Particulates 

Heavy metals 

Water pollutantd 

TDS 

TSS 

BOD5 

Oil and grease 

Pb 

Zn 

Heavy metals 

Solid waste 

Waste rock 

Tailings 

Smelting s l ag 

Mine 

NAe 

14. 5 

NA 

2.2 

0 .1 

0. 1 

1. 2 

3,6 X 1Q4 

Mill 

2088 -

72 -

NA 

11. 5 

403 

4.3 

0.2 

0. 15 

0.2 

Primary 
Refining 

b 

1305C 

Scrap 

896 

2.2 

0.03 

aThese emissions take into account the correct proportions of iron that wi l l 
be processed at each stage, i.e., i ron is 72% primary ore (18% natural and 54% 
pellets) and 28% recycle. 

bcarbon monoxide is created but is not i ncluded here, because it is captured 
and used as a process fuel . 

cRef. B.28, Table 7-51 . 

dAssumes a level of emissions that would result from use of 1983 best avail-
able technology (BAT) controls. 

eNot available. 

fRatio of tailings to waste rock (Ref . B.22 , pp. 3-53). 

g500 lb slag/ton Fe (Ref. B.29, p. 266) . 

Sources: Refs. B.22, B. 28, and B.29. 
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Table B.67. Steel Trajectory Emissions (lb/106 lb steel)a 

Residual Mine 

Air pollutant 

co 

Particulates 2088 

Heavy metals 72 

Gaseous fluoride 

Water po 11 utantd 

TDS 

TSS 

BOD5 

Oil and grease 

Pb 

Zn 

Heavy meta l s 

Fluori des 

Solid waste 

Waste rock 

Tailings 

Smelting slag 

NAe 

14. 5 

NA 

2.2 

0.1 

0 .-1 

1. 2 

3.6 X 104 

Primary 
Mill Pig Iron Scrap 

b 

1305C 

NA 896 

11. 5 2.2 

403 

4.3 

0 . 2 

0.15 

0.2 0.03 

Steel 
Production 

b 

197c 
(includes 

17 CaF2 ) 

14.3 

135 

2.5 

0.03 

NA 

aThese emissions take into account the correct proportions of i r on that will 
be processed at each stage, i.e., i ron is 72% primary ore (18% natural, 54% 
pellets) and 28% recycle. Steel production is 26.4% open hearth, 55 . 2% 
basic oxygen, and 18.4% electric arc furnaces; includes iron, scrap, and re
cycle metals (Ref. B.22, Table 3 . 8). 

bcar bon monoxide is created but is not included here, because it is captured 
and used as a process fuel . 

cRef. B. 28, Table 7- 5 . 1. 

dAssumes a level of emissions that would result from use of 1983 best avail-
able technology (BAT) controls. 

eNot available. 

fRatio of tailings to waste rock (Ref. B.22, pp. 3-53). 

g500 lb slag/ t on Fe (Ref. B.29, p. 266). 

hsteel slag may contai n fluorides. 

Sources: Refs. B.22, B.24, B.28, and B.29. 
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Table B.68. Copper Trajectory Emissions (lb/106 lb Cu)a 

Residual 

Air pollutant 

Particulates 

Heavy metals 

Other 

Water pollutantC 

TDS 

TSS 

BOD5 

Oil and grease 

Heavy metals 

Solid waste 

Waste rock 

Tailings 

Smelting slag 

Mine Mill 

- - - 1,914 

66 -

13 . 2 

2.0 

1.1 

1. 32 X 104 

12.0 

422 

4. 5 

0.2 

1.13 X 103 

Primary 
Refine 

CuS 12,0Sob 
PbS 4,970 

520 

360d 

2.7 X 105 

Scrap 

339 

0.8 

0.05 

aThese emisions take into account the correct proportions of copper 
that will be processed at each stage, i.e., copper is 66% domestic 
ore, 9.3% imported ore, 10.6% scrap, and 14.1% imported product. The 
emissions are model ed on those of electrolytic zinc. 

bAssumes 90% capture of CuS; electrostatic precipitator could recap
ture 99.7% . 

cAssumes a leve l of emissions that would result from use of 1983 best 
available technology (BAT) controls. 

dwith 95% copper recycle (Ref. B.22, pp. 3-39). 

Source: Ref. B.22. 

emissions are applied to the total share of ore processed (including domestic 
and foreign ore). Refining emiss i ons are applied to that portion of the total 
element that is refined , i.e . , imported refined meta l is excluded. To 
preserve the purity of the metal or compound, recycled materials would prob
ably undergo essentia l ly the same processes as for the ore but woul d be 
entered at the appropriate step in the manufacturing process. Recycled 
materials would bypass the prelimi nary metal-forming steps necessary for ore 
but would undergo substantial cleaning and separation . 
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Table B.69. Potassium Hydroxide Trajectory Emissions 
(lb/106 lb KOH) 

Residual 

Air pollutant 

Particulates 

Chlorine (product) 

Hydrogen (product) 

Water pollutanta 

TSS 

NaCl 

HgCl4 

Solid waste 

Brine purificationb 

Waste treatment solidsc 

Drummed wasted 

Mine 

2,900 

Manufacture 

446,000 

12,730 

500 

38,800 

Some 

7,599 

27,400 

50 

aAssumes a level of emissions that would result from 
use of 1983 best available technology (BAT) control s. 

bBr ine purification: muds containing CaC03, Mg(OH)z, 
BaS04, NaCl, and HgCl4. 

cwaste treatment solids containing graphite, filter
aid, and HgzS. 

dchlorinated hydrocarbons. 

Source: Ref . B.22. 

These weighted emissions are then multiplied by the quantity of ma
terial required for that element or compound i n each appropriate scenario and 
category to yield total anticipated emissions on a 100,000 vehicle unit basis. 
Emissions for boron nitr ide , glass, rubber, silicon, cobalt, a n d "other 
materials11 are not included. Also, no difference is anticipated between EHVs 
and CVs in emissions from veh i cle fabrication and assembly ; therefore, the y 
have also been excluded. 

B.3.5 Energy and Emissions Impact of Changing Metals Recycle Rat io 

In the above discussion, present recycling, import, etc. rates are 
assumed. Howeve r, recycling metals is becoming much more significant and 
gather ing and processing should be even more highly developed by the year 
2000. The soaring demand between now and 2000 for certain metals under the 
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Table B.70. Potassium Chloride Trajectory 
Emissions (lb/106 lb KCl)a 

Residual Mining and Processing 

Air po l lutant Negligible 

Water pollutantb 

Solid waste 

No discharge 

3.22 X 106C 

aThese emissions take into account 14% 
solution mining and processing and 86% 
sylvite ore mining and processing. 

bAssumes a level of emissions that woul d 
result from use of 1983 best available 
technology (BAT) controls. 

csolid waste includes NaCl, KCl, KzS04, 
MgS04, alumina, and clays. 

Sources: Refs. B.22 and B.30. 

five scenarios means that significantly greater quantities of used metal for 
recycling will be needed j ust to maintain the same proportion of recycled 
material as exists now in the final metal product (averaging all products 
using a specific metal). If battery materials are recycled, the proportion of 
recycled materials in the final metal product (again averaging all products 
using a specific metal) could substantially increase for some of the materials 
under some of the scenarios. 

To provide some perspective on the potential impact on energy require
ments and emissions of recycled materials, increased and decreased recycling 
of nickel and zinc were examined . The proportion of recycled material s in 
2000 of the MEDIUM scenario is halved and then doubled for each of the two 
metals to observe changes in energy requirements and in emissions . All other 
contributions to the final metal product are assumed to keep their same 
relative proportions. 

Energy requirements are given in Tab l e B. 75. Compared to the energy 
projections used in this assessment , halving the recycle rate for nickel and 
zinc oxide increases total vehicle energy requirements by O. 06% . If the 
recycle rate is doub led, energy requirements decrease by O.ll%. If these 
changes are examined in terms of battery manufacture only, as opposed to 
total vehicle energy requirements, the rates of change shown above must be 
quadrupled, because the battery r epresents just 25 .4% of the total vehicle 
energy requirements (in MEDIUM 2000). 

Changes in emissions given in Table B. 76 are based on emissions per 
100,000 new vehicles. Differences among the different degrees of recycling 
are noticeable. Increased recycling rates result in an overall decline 
in the total pollutant burden of the materials trajectory. 
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Table B.71. Zinc Trajectory Emissions (lb/106 lb Zn)a 

Residual Mine Mill 
Primary 
Refining Scrap 

Air pollutant 

SOx 

Particulatesc 

Heavy metals 

Water pollutantd 

TDS 

TSS 

BOD5 

Oil and grease 

Heavy metals 

Solid waste 

Waste rock 

Tailings 

Smelting slag 

1,218 

42 

8.4 

1. 3 

0.7 

8,400 

6.7 

23.5 

2.5 

0.14 

630 

60.56 x 103b 

235. 8 Zn + 
132. 7 Other 

380 

264 

198,000 

192 

0 . 5 

0.01 

aThese emissions take into account the correct proportions of zinc 
that will be processed at each stage, i.e., zinc is 42% domestic ore, 
13% imported ore, 39% imported metal, and 6% scrap. 

bso3 emissions are 110% of zinc and are captured and sent to the 
sulfuric acid plant. SOx is reduced 90% by capture and fed to the 
sulfur ic acid plant and used for lime slurry treatment. 

cparticulates include ZnS and PbS . They can be reduced by 99.7% by 
electrostatic precipitators. 

dAssumes a level of emissions that would result from use of 1983 
best available technology (BAT) controls . 

Source: Ref. B.22. 

B.4 FUELS PRODUCTION AND TRANSPORT RESIDUALS 

This section characterizes the residuals associated with fue ls produc
tion and transport for EHV and CV operation. The fuels evaluated (uranium, 
coal, oil, and natural gas) are those discussed in App. F as producing 
the electricity for EHV operation. Other energy sources have no signifi
cant role in electricity generation for EHV operation. Residuals from the 
production and transport of gasoline and diesel fuel fo r HV and CV operation 
also are characterized. The energy required for fuels production and trans
port for EHV and CV operation is characterized in Sec. C.2. 
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Table B.72. Lithium Trajectory Emissions (lb/106 lb Li)a 

Primary LizS LiCl 
Residual Mine Mill Refining Mfr. Mfr . 

Air pollutant 
co Trace 1 
Particulates - - Fugitive dust 350b 
Heavy metal s - - - - -Grind i ngs - -
COz from calcine Vented Vented 

Water pollutantc 
TDS NAd NA NA 
TSS zoe 2of 
BOD5 NA NA NA 
Oil and grease 3e 3f 
Lead 0. 1e 0. 1 f 0 .1 
Zinc o. 1e 0 . 1 f 0 . 1 
Heavy metals 1. 6e 
Sulf i des Trace 10g 
Chlorides Dil uted HCl 

Solid waste 
Waste rock 
Slag 
By-product 

spodumene 
By-product mica, 

feldspar , and 
quartz 

acombined LizS and LiC l . 

6.65 X 1061. 

50 X 106 

bper 8.20.2 Emissions Rock Quarry, EPA Compilation.B . 28 

cAssumes a level of emissions that would result from use of 1983 best available 
technology (BAT) controls. 

dNot available. 

eMay contain traces of a f errosilicon gravity separating medium (Re f . B. 22 , 
pp. 3-27). 

fsame standards as mining assume d because of indefinite data . 

gEstimated meta l sulfide from reaction in water. 

hRock gravel overburden. Sold as a by-product or used as landfill back 1.n 
mine. 

1.1nsoluble filter cake f rom leaching and includes discarded Al Siz residue and 
spodumene (LiA1Siz06) (Ref. B.22, pp. 3-44). 

JUnderflow spodumene (6% LizC) is often sold for ceramic applications. 

Sources: Refs. B.22 and B.28. 
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Table B.73. Aluminum Trajectory Emissions (lb/106 lb Al)a 

Residual 

Air pollutant 

Particulates 

Gaseous fluorides 

Water pollutantd 

TDS 

TSS 

BOD5 

Oil and grease 

Heavy metals 

Chlorinated fluorocarbons 

Solid wastes 

Waste rock 

Slag 

Mine Mill 

- - - 110 - - -

NA 

20 

NA 

3 

1.7 

as,ooof 

NA 

145 

NA 

3 

13.3 

Primary Refiningb 

3,250C 

142 

NA 

20oe 

NA 

3 

100 

Slight 

aThese emissions take into account the correct proportions of aluminum that 
will be processed at each stage, i.e., aluminum is 4.25% domestic bauxite ore, 
26.96% imported bauxite ore, 11.09% imported alumina, and 57.7% recycled 
aluminum. 

bRecycled aluminum inc luded in primary refining. 

crncludes CaF2, 

dAssumes a level of emissions that would res-ult from use of 1983 best avail-
able technology (BAT) controls. 

erncludes FeO, Si02, and other impurities, which are treated to . form sludge. 

fEstimate two cubic yards of rock and gravel per cubic yard of bauxite mined. 

gBauxite at 26.4% Al, 31.2% bauxite treatment. 

Source: Ref. B.28. 

Table B. 77 lists the steps from fuel extraction to ref i ned f ue l de
livery for each of the fuels considered. In deriving the residuals associated 
with these steps, two sources are used. The first document, Ref. B. 31, 
contains thorough discussions of the production processes for each of the 
nuclear and fossil fuels, from extraction through consumption for thermal 
energy.B.31 For each step, total residuals are estimated. (This input ex
pressed as material tonnage is highly variable for uranium fuel.) These 
residual estimates, however, draw heavily on sources that precede issuance 
both of EPA' s 1975 new source performance standards (NSPS) and of the 1978 
revision to include mobile source emission factors.B.32,B.33 Because t otal 
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Table B.74. Battery Assembly and Manufacture Emissions (lb/106 lb battery) 

Battery Type 

Residual Pb/Acid Ni/Fe Ni/Zn Li/S 

Air pollutant a 

SOX 0 .13 

NOX 39.00 

HC 0.67 

co 3.79 

Particulates 2.23 0.79 0.97 

Lead 422.5 

Water pollutantb a 

TDS 0 0 0 

TSS 0 0 0 

BOD5 0 0 0 

Oil and grease 0 0 0 

Lead 0 0 0 

Zinc 0 0 0 

Heavy metals 0 0 0 

Sulfides 0 0 0 

Other 0 C C 

Solid waste 0 3.97 4.56 a 

aNo data available. Manufacturing process has not been clearly defined. 

bAssumes a level of emissions that would result from use of 1983 best available 
technology (BAT) controls. 

estate of Connecticut standard : ~ 3.7 lb/day Ni and 0.65 lb/day Cd. 

Sources: Ref. B. 19 and B.28. 

emissions from the transport of all fuels have been computed in Ref. 31 , the 
total residuals burden arising from product transport a t ion (but not the 
relative burden distributed among transport modes) may be overstated. 

The second document consulted, Ref. 34, is more recent than Ref. 31. 
However, estimates of residuals from the production, transportation, and 
storage of crude oil (except for refinery emissions) and natura l gas are not 
included. Ref. 34 draws many of its assumptions and numbers from Ref. 31, but 
a significant amount of material has been updated. Particularly significant 
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Table B.75. Impact on Energy Requirements of Recycle Rate Change for 
Nickel and Zinc Oxide (109 Btu/100,000 vehicles) 

Component 

New batteries 
Pb/Acid (Nc)a 

Ni/Fe 
Nickel contribution 
Other (NC) 

Total 

Ni/Zn 
Nickel contribution 
Zinc contribution 
Other (NC) 

Total 

Li/S (NC) 

Total - new batteries 

Motor controllers 
and bodies ( NC) 

Replacement batteries 

Pb/ Ac id (NC) 

Ni/Fe 
Nickel contribution 
Other (NC) 

Total 

Ni/Zn 
Nickel contribution 
Zinc contribution 
Other (NC) 

Total 

Li/S (NC) 

Total - replacement batteries 

Total energy requirements 
(109 Btu/100,000 new 
vehicles) 

Variation - % of base 

aNo change . 

Half the 
Recycle 
Rate 

141. 3 

7.03 
14.6 

21. 63 

1,437.87 
143. 78 
293.9 

1,875.55 

392.3 
2,430.78 

9,667.9 

44.2 

0.22 
0.33 
0.55 

538.94 
53.93 

108.6 
701.47 

120.94 
867 .18 

12,965.86 

+0 .062 

Base 
Casea 

141. 3 

7.0 
14.6 
21.6 

1,432.5 
143 .3 
293.9 

1,869.7 

392. 3 

2,424.9 

9,667.9 

44.22 

0.22 
0.33 
0.55 

536.93 
53.75 

108.6 

699.28 

120.94 
864.99 

12,957.7 9 

Double the 
Recycle 

Rate 

141. 3 

6.95 
14.6 

21. 55 

1,422.71 
142. 58 
293.9 

1,859.19 

392.3 
2,414.34 

9,667.9 

44 .22 

0.22 
0.33 
0.55 

533.26 
53.48 

108.6 

695. 34 

120.94 
861.05 

12,943 . 29 

-0 . 112 



Table B.76 . Impact on Emissions f r om Varying Recycle Rates , Ni and Zn , 
MEDIUM Scenar io , 2000 ( lb/100 ,000 vehic l es ) 

--- - - -
Nickel Trajectory Zinc Ox ide Trajectory 

Primary Pr i m.1 ry 
Recyc le Rate Mine Mi 11 Refining Recyc l e Mine Mil I Re f in i ng Sc r ap Rec ye l e 

Half recyc l e race 

Air pollutant 

SOx 2 . 06 X lQ6 

Part iculates - - - 7 , 372 - - - 228 ,729 5,446 41,420 12, 528 

Heavy meta I s - - - 253 - - - 95,326 l ,906 l, 41 7 

Wate r pollutant 

TOS 3.63 

TSS 50 .6 285 286 . 7 227 . 4 12,9 16 8 . 24 

80D5 9,976 800.7 

Oil and grease 10 .04 107 44. 2 85.7 

Lead 5.22 5.22 l. 65 4 . 94 

Zinc 5.22 5.22 I. 65 3.95 N 
1--' 

Heavy metals 5.22 23 . 72 4.61 8,963 0.16 
ID 

Solid was te 

Waste rock 814,709 285 ,623 

Tai lings 151,222 21 , 418 

Smelting slag 160, ll0 6.732 X tQ6 

Original r ecycle race 

Air pollutant 

Sox 1.995 X 106 

Particulates - - - 6,313 - - - 195,930 10,885 40,133 12 , 142 

Heavy metals 218 8 l, 638 3,810 l ,384 

Water po ll utant 

TOS 6,326 

TSS 43.5 243.8 276 . 8 220.8 12,521 16 .48 

80D5 8,534 774 

Oil and g r ease 8 . 71 91. 4 42 .8 82 . 4 

Lead 4.35 4.35 1.65 4 . 94 

Zinc 4. 35 4.35 23 . 07 4.61 8,699 0.33 

He avy me ta l s 4 .35 



Table B. 76. (Cont ' d) 

Nickel Trajectory Zinc Oxide Trajectory 

Pr imary Pr imary 
Mine Mil I Refining Recycle Mine Mill Re fining Scrap Recycle 

Original recycle 
rate (Coot 'd ) 

Solid waste 

Waste rock 696,640 276,780 

Tailings 129,532 20 ,759 

Smelting slag 137,1 51 6.524 X [06 

Double recycle rate 

Air po l lutant 

SOx l .87x\06 

Particulates - - - 4,235 - - - - 130,701 21,784 37,565 11,365 

Heavy met als 143. 7 - - - 54,459 7,624 I, 285 

Water pol lutant 

TDS 12,653 N 
N 

TSS 30.5 161 . 2 260.3 207.6 11 , 730 32 . 95 0 

BOD5 5, 682 758 

Oi l and g r ease 5.67 61 . 02 39. 5 7 5. 8 

Lead 3.05 3 05 l. 65 4.6 1 

Zinc 3.05 l . 65 3. 9 5 

Heavy metals 3.05 21 . 7 5 4.61 8, 139 0 . 66 

Solid wste 

Waste rock 479,240 259,229 

Tailings 86,394 19,441 

Smelting slag 91 ,491 6 . 107 X IQ6 
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Table B.77. Steps in the Production of 
Electricity, Gasoline, and 
Diesel Fuels 

Uranium 

1. Mining (open pit or underground). 

2. Milling (conversion to U303). 

3. Conversion from U303 to UF6. 

4. Enrichment (increase of U235 content by 
gaseous diffusion or ultracentrifuge). 

5. Fuel fabrication. 

6. Transport (mine-mill-conversion-en
richment-fabrication-reactor-disposal). 

7. Reprocessing. 

8. Vitrification (conversion of high
level liquid waste to glassy solid). 

9. Waste disposal. 

Coal 

1. Min ing (strip or underground). 

2. Washing (beneficiation). 

3. Transport to utility. 

Oil products 

1. Extraction (domestic only). 

2. Transport to refinery. 

3. Refinery processing. 

4. Transport to utility or transport to bulk 
terminal and retail petroleum outlet. 

Natural gas 

1. Extract i on (domestic). 

2. Processing, including removal of vapor 
and impurities and "sweetening" (re
moval of H2S fraction). 

3. Pipeline transport. 
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is the distinction drawn among the water pollutant totals that can be expected 
under each of four possible effluent enforcement conditions: base year (1974 
standards); best practical control technology currently available (BPCTCA), 
effective 1977; best available technology economically achievable (BATEA), 
effective 1983; and best available demonstrated technology (BADT), applicable 
to all new sources. This analysis assumes BATEA. 

Table B.78 lists the air and water pollutants and solid residuals that 
are generated during the production and transport of nuclear and fossil 
fuels.B.31,B.34 A brief description of the significance or deleterious 
impact of each pollutant also is included. 

Various assumptions are necessary in order to characterize residuals. 
In general, estimates of environmental residuals are based on the experience 
of existing technologies for the extraction and processing of nuclear and 
fossil fuels, except where there is substantial concurrence that a promising 
new technology will be in place on at least a limited scale by 1990. An 
example of the former is that this analysis assumes that crude petroleum will 
arise chiefly from traditional sources rather than shales or tar sands. 
An example of the latter is uranium hexafluoride (UF6) enrichment by ultra
centrifuge. 

Additional and more specific assumptions are as follows: 

1. No reactors other than light water fission reactors are 
considered. 

2. By 1990, 20% of uranium fuel enrichment will be accom
plished by the ultracentrifuge method, which leaves 80% 
to be enriched by gaseous diffusion. By 2000, this 
percentage will grow to 30%. This assumption is based on 
the fact that demand for enriched fuel is expected to 
exceed the currently available (gaseous diffusion) 
capacity early in the 1980s and that private nuc l ear 
energy production consortia favor the ultracentrifuge 
technique for new facilities. The ultracentrifuge 
enrichment procedure is significantly "cleaner." How
ever, even if it is not in place to the extent assumed 
above, it is likely that stricter emission controls on 
gaseous diffusion enrichment operations will greatly 
reduce process pollutants (particularly S02) by 1990, 
resulting in at least a 11 surrogate1

' 20% sub st itut ion by 
ultracentrifuge with respect to residuals production. 

3. Utilities will use western and eastern bituminous coals 
for utility boiler steam production. 

4. The percentage of domestic coal strip-mined will be 
56% in 1990 and rise to 57% in 2000. In 1990, western 
coal wil 1 account for 43% of total domestic product ion 
and rise to 50% by 2000. These projections are derived 
from forecasts by the National Coal Association and the 
Electric Power Research Institute.B.35 
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Table B.78. Pollutant Residuals from the Production and 
Transport of Nuclear and Fossil Fuels 

Air 

TSP 
SOz 
NOx 
RC 
co 

Aldehydes 

Water 

TDS 

TSS 

BOD5 (biochemical oxygen demand 
as identified by the five- day 
test, which distinguishes be
tween organically and inorgan
ically oxidizable materials) 

COD (chemical oxygen demand 
index, which does not dis
tinguish between organically 
and inorganically oxidizable 
materials) 

Sulfate/sulfite/sulfide 

Nitrate 

These are the five principal pollutants 
for which national ambient air quality 
standards have been promulgated. Total 
suspended particulates and SOz are termed 
"Set I" pollutants, because they arise 
chiefly from stationary sources. Nitro
gen oxides, RC, and CO are "Set II" pol
lutants that are attributed primarily to 
mobile sources. Hydrocarbons are signif
icant precursors to ozone (03) and 
usually are not harmful in their own 
right, except in massive concentrations. 

Although not currently regulated, alde
hyde emissions are known to cause path
ological inhibition of normal organic 
function in mammals, and some have been 
identified as mutagenic agents . 

Excessive dissolved solids are unde
sirable and can be physiologically 
harmful in public drinking supplies . 

Excessive suspended solids can inhibit 
the transmission of oxygen and sunlight 
to the lower depths of bodies of water, 
thus imperiling deep-water life forms. 

Excessive biological oxygen demand 
robs fresh and marine water of dis
solved oxygen required to sustain plant 
and animal life; this condition often 
results from excessive levels of dis
solved nitrogen. 

Excessive chemical oxygen demand also 
reduces oxygen levels as above but with 
inorganic reductants. 

These anions form compounds that degrade 
drinking water quality by increasing its 
laxative properties and may contribute 
to eutrophication; in the case of hydro
gen sulfide, toxicity to many species 
of fish has been established. 

Nitrate reduces to nitrite in solu
tion; nitrate compounds are toxic in 
young children, leading to the develop
ment of roethemoglobinemia. 
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Table B.78 (Cont'd.) 

Metal cations 

Aluminum 

Iron 

Zinc 

Nickel 

Manganese 

Chromium 

Other Anions 

Chlorides 

Fluorides 

Ammonia 

Solid Waste 

Displaced overburden 

Mine tailings 

Beneficiation process residues 

Toxic to fish in moderate concentrations. 

Toxic to aquatic life in high concentra
tions; disagreeable in drinking water. 

Lethally toxic in many species of fresh 
water fish in hard water. 

Same as above, but also toxic to plants 
at moderate concentrations. 

Disagreeable in drinking water; toxic to 
certain cash crops. 

Extremely toxic to animal l ife in hexava
lent form; toxic to cash crops in triva
lent form. 

Toxic to aquatic life in h i gh concentra
tions. 

Excess i ve concentrations may lead t o den
tal and epidermal f l uorosis in mammals. 

A primary source of dissolve d nitrogen 
(contributes to high BOD) and r e sistant 
to standard chlorination treatment for 
water purification. 

The quantity of soil and other surface 
material that must be removed from the 
surface or from underground workings to 
expose a coal seam or uranium ore. Th is 
report assumes a linear relationsh i p 
between tons of ore produced and tons of 
overburden displaced. 

Residues produced in the separation at 
the mine site of uranium ore and coal 
from other constituent materials. 

For uranium: waste materials arising from 
uranium hexafluoride conversion, f uel 
fabrication, reprocessing, v itr ification, 
and packag ing of transuranic waste. 

For coal: waste materials arising f rom 
the beneficiation (washing/desulfuriza
tion) of coal at the mine site or utility 
to reduce ash and/or sulfur content. 

For oil: residual waste (usually oily 
sludges) from refinery processing. 
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5. Because of problems associated with runoff control, 
the majority of underground coal mines in operation 
during the forecast years will not be in compliance with 
federal new mine performance regulations . (It 1s be-
1 ieved that such a conservative estimate 1s advisable 
here because of the great variability 1n mine condi
tions . ) 

6. Based on trends reported by the National Coal Asso
ciation _B.36 the following distribution among coal 
transport modes to utilities is assumed for the forecast 
years: 

Mode 

Unit train 

Conventional train 

Waterway 

Truck 

Ton-Miles 
(%) 

63 

27 

7 

3 

7. Oi l -fired utility boilers wil 1 consume No. 6 r e sidual 
oil only. 

8. 1983 BATEA is assumed for refinery water pollutants. 

9. No lique fied natural gas wi l l be used for electri
city generation. 

10. Residuals assoc i ated with hydropower production (e . g., 
volatilization or discharge of lubricants at the gene
rating station) are not considered. 

Composites for each of the residuals for each of t he fuels considered 
are presented in Table B.79 . Residuals from the production of gasoline, 
diesel fuel, and No . 6 fuel oil ref l ect their respective allowable proportions 
of the total r esidua ls of a refinery producing 1012 Btu over an average 
spectrum of fuels, factored by the number of refinery "runs" necessary to 
produce 1012 Btu of e ach of the three fuels. Moreover, the values for 
petroleum-based fuels 1n the table presume that tanker trucks will move a 
greater proportion of refined gasoline and d iesel fuel than of No. 6 oil to 
intermediate and final destinations, the latter f uel rely ing more heavily on 
rail and barge transport. 



Medium 

Air 

Water 

Sol id 
waste 

Table B.79. Residuals Burden of Processing and Transport of Fuel Input to 
Power Plant or Motor Vehicle (short tons/1012 Btu) 

- - - --------- - ---··- - -·-·------- ------

Uranium ------·-•--
Residua I Year Burden 

TSP 1990 4 7 .42 
2000 41. 42 

S02 1990 185 .818 
2000 163. 318 

NOx 1990 50. l 53 
2000 44. 353 

HC 1990 0 .679 
2000 0579 

co 1990 I . 489 
2000 1.389 

St.1 l fate/ 1990 0 5 
sulfide 2000 0 4 

Nitrate l. 35 
Iron 1990 0 018 

2000 0 016 
Ch loride 1990 0 . 34 

2000 0.30 
Fl uoride 1.623 
Ammonia 0.6 

Overburden r emoved 
J. 5 X 1Q5 

Mine and mil l tailings 
19,115 

Ash and o ther 
process residues 

6 . 5 

Fue I ----- --------- -------- - - - ----- - -- -- --
Coal No. 6 Oil Natural Gas Diesel Fuel ---- - ---------- --- ---------

Residua l Year lh,rden Residual Burden Res i dual Burden Resid ual Burden 
------------------------ - ----- - --

TSP 1990 22 .80 
2000 22.95 

so2 1990 3 . 585 
2000 3 . 585 

NOX 1990 5.59 
2000 5 54 

HC 1990 2. 720 
2000 2 . 71 S 

co 1990 4.55 
2000 4.50 

Aldehydes 1990 0 56 
2000 0. 55 

TOS 1990 241 
2000 24 1 . 5 

TSS 1990 10. 3 
2000 10.0 

Sulfat e/ 1990 125 0 
sulfi t e 2000 125 . 0 

Aluminum 1990 1 . 74 l 
2000 I. 644 

I ron 1990 13 .071 
2000 12. 771 

Zinc 1990 0.065 
2000 0 . 061 

Mangenese 1990 0 . 364 
2000 0 . 332 

Chloride 1990 3. 78 
2000 3 . 70 

Fluoride 1990 0 . 05 
2000 0 OS 

Ammonia 1990 0.559 
2000 0. 549 

Mine tai l ings 
540 

Bene fi c i ation r e s idues 
35 ,400 

TSP 2.002 
S02 12.43 
NOx 18.604 
!IC 5 4 
co 9.39 
Al dehydes 0.8 

TDS 578.5 
TSS 0 . 19 
8005 0.21 
COD 1 . 3 
Sulfide 0.0007 
Chromium 0.002 
Ammonia 0.05 
Organics 2. 16 

Dry residue 
9.7 

TSP 
so2 
NOx 
HC 
co 
Aldehydes 

0 . 327 
0.01 
4 . 81 
o. 724 
0 . 007 
0 . 177 

TSP 2 . 102 
S02 13 . 53 
NOx 23.lOO 
HC 5.7 
co ll.91 
Aldehydes 0.85 

TDS 603.2 
TSS 0. 20 
B005 0.22 
COD 1 4 
Sul fide 0.0007 
Chromium 0 .002 
Ammonia 0 . 05 
Organ ics 2.26 

Dry residue 
10. l 

-------·~---~----~- -~ ··- ---------·-· 

Gaso line 

Residual Burden 

TSP 2 .202 
so2 14.03 
NOx 28 . 200 
HC 6 .4 
co 14.65 
Al dehydes 0.96 

TDS 670. 2 
TSS 0.22 
B005 0.24 
COD 1.5 
Sulfide 0 . 0008 
Chromium 0 . 002 
Ammonia 0.06 
Organics 2.48 

Dry residue 
11 . 2 

N 
N 
Q'\ 
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APPENDIX C 

MATERIALS AND ENERGY ANALYSES 

This appendix details the analysis of the major materials requirements 
of EHVs and the energy consumption comparison between EHVs and CVs . 

C .1 MAJOR MATERIALS REQUIREMENTS 

The nine metals listed in Table C.l, which gives U . S. reserves, 
resources, and production figures, are the major materials that would be 
impacted by the introduction of the EHVs characterized in App. B. In this 
discussion, the methods used to calculate the amounts required for each 
scenario are presented, along with the totals. Both direct materials (those 
in the vehicle) and indirect materials (those used in manufacturing and 
processing) are considered. 

C.1.1 Methodology for Direct Materials Requirements 

The methodology used to determine the materials requirements for each 
scenario and year on a 100,000 vehicle unit basis (see Secs. B.3 . 1 and B.3.2) 
also is used to determine total materials requirements for projected domest i c 
manufacture of vehicles and replacement batteries by scenario and assessment 
year. Since recycl i ng of batteries a nd motors/con trollers/chargers may well 
occur, total materials requirements projected in t h is appendix also assume 
recycling. An extens i on of the method discussed in Sec . B.3.2 is made 
to include recycl i ng. 

Table C . l. U.S. Bureau of Mines Domestic Reserves, 
Resources, and Pr oduction (103 short tons) 

1976 1976 
Mine Secondary 

Material Reserves Resour ces Production Recovery 

Lead 28,400 79,000 610.0 580.0 

Cobalt 0 800 0 0.2 

Nickel 200 15,100 13 . 7 50.0 

Zinc 24 , 000 49,000 458 . 0 85.0 

Copper 93,000 413,000 1,610.0 390.0 

Boron 20,000 NAa 1,246.0 0 

Lithium 400b 3,200b 3.9 0 

Aluminum 0 400 2 . 2 449.0 

I ron 4,480,000 121,000,000 89,600 9 7 ,000 . 0 

aNot available. 

bEstimates vary wid e ly. 

Sources: Refs. C.1-C.8 . 
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No recycling of battery materia l s 1s assumed for 1985, and 95% is 
assumed for 1990 and 2000 . At 95%, the total weight of new battery material 
required in a year with recycling is the weight in the new vehicle batteries 
plus 5% of the weight i n replacement batteries (since 95% of the old battery 
is assumed to be recycled as battery material) less 95% of the weight in the 
batteries recycled from vehicles taken out of service due to age or accidents. 

For recycling of motors/controllers/chargers, copper is the only major 
material of concern. No recycling is assumed in 1985, and 90% recycling of 
copper as motor/controller/charger material is assumed i n 1990 and 2000. No 
replacement is assumed, because components are expected to last the average 
10-yr life of the vehicle. 

C.1.2 Direct Materials Requirements 

Tables C.2-C.10 list the amounts of major materials needed for EHVs by 
scenario and assessment year. The tables inc l ude BOM estimates of total U.S. 
demand for each metal, the direct EHV demand both with and without recycling, 
and the percentage that each of the demand figures is of projected U.S . 
demand. The results without recycling are included because many technological 
barriers remain before 95% recycling is possible. The barriers vary consid
erably from metal to metal. 

C.1 . 3 Indirect Materials Requirements 

The method for calculating indirect materials impacts (additional 
materials required in the manufacture and distribution of EHVs) 1s quite 
different from the direct impact method. An input/output model described in 
Sec. G.2.1 is used to calculate the expected change in dollar output resulting 
from the EHV market scenarios. Lead, zinc, and copper smelting are the 
industries expected to exhibit maximum change. Table C.11 shows the output 
changes for 1990 and 2000 in the HIGH scenarios. Since a different base line 
and method were applied, these results can not be compared to the direct 
materials figures of Tables C.2-C.10 . However, the changes in Tab l e C.1 1 are 
considered to be within the growth capacity of the industries. Therefore , the 
indirect effects do not change the results of the direct effects analysis. 

C.2 ENERGY USE COMPARISON 

This analysis compares the energy embodied in the production and 
operation of EHVs with that of equivalent numbers of CVs by scenario in the 
assessment years 1990 and 2000 . Where the energy necessary for some aspect of 
the operation and production of EHVs and CVs was determined to be the same or 
virtually the same, it was not included. 

C.2 . 1 Total Resource Requirements for Vehicle Operation 

Figure C.l illustrates the energy supply pathways of the fuel resources 
required to operate EHVs and CVs . For each fuel resource used to generate 
electr i city for EHVs, the fuel must be extracted, processed, transported to 



Table C.2 . EHV Lead Demand with and without Recycling: Com~arison with 
U.S . Bureau of Mines Project i ons by Scenario (10 short tons) 

A B C D B D 

U.S. Bureau of 
Ax 100 Ax 100 

Mines Estimate of EHV EHV Demand 
Scenario Year Probable U.S. Demand Requirement Recycle after Recycle (%) (%) 

LOW I 1985 1780 6 .8 0 6.8 0 0 
1990 1960a 33 . 2 9.4 23.8 2 1 
2000 2330 461. 6 169.6 292.l 20 13 

LOW II 1985 1780 10.0 - 10.0 0 0 
1990 1960a 54 .o 15.6 38. 5 3 2 
2000 2330 856.6 288 . l 568.5 37 24 

MEDIUM 1985 1780 4 .4 0 4.4 0 0 N 

1990 1960a 16.6 4.5 12.2 1 
w 

1 N 

2000 2300 272 .3 99.3 173.0 12 7 

HIGH I 1985 1780 18.8 0 18.8 1 1 
1990 1960a 54 .0 9.1 34 .9 3 2 
2000 2330 544.9 199.4 345. 5 23 15 

HIGH II 1985 1780 18.8 - 18.8 1 1 
1990 1960a 54 .o 19 . 1 34 . 9 3 2 
2000 2330 544. 9 199.4 345. 5 23 15 

aLinear interpolation of U.S . Bureau of Mines projections. 



Table C.3. EHV Nickel Demand with and without Recycling: Comparison with 
U.S . Bureau of Mines Projections by Scenario (short tons) 

A B C D B D 

U.S. Bureau of 
Ax 100 Ax 100 

Mines Estimate of EHV EHV Demand 
Scenario Year Probable U.S . Demand Requirement Recycle after Recycle (% ) (%) 

LOW I 1985 330, 000 58 - 58 0 0 
1990 407,oooa 1 ,530 - 1,530 0 0 
2000 560,000 48,100 17,900 30,100 9 5 

LOW I I 1985 330,000 58 - 58 0 0 
1990 407,oooa 1,530 - 1 ,530 0 0 
2000 560, 000 48,100 17,900 30,100 9 5 

MEDIUM 1985 330,000 2,616 - 2,616 1 1 N 

1990 407,oooa 23,545 4 , 529 19,016 6 5 w 
L,J 

2000 560,000 508,856 174,752 334 , 104 91 60 

HIGH I 1985 330,000 2,809 - 2,809 1 1 
1990 407,oooa 64,471 6 , 981 57,490 16 14 
2000 560,000 1 ,330,000 413 , 159 917,914 237 164 

HIGH II 1985 330,000 2,810 - 2,810 1 1 
1990 407,oooa 69,400 7,320 62,100 17 15 
2000 560,000 1,720 , 000 45,000 1,170,000 306 210 

aLinear interpolation of U.S. Bureau of Mines projections. 



Table C.4. EHV Cobalt Demand with and without Recycling: Comparison with 
U.S. Bureau of Mines Demand Estimates by Scenario (short tons) 

A B C D B D 

U.S. Bureau of 
Ax 100 Ax 100 

Mines Estimate of EHV EHV Demand 
Scenario Year Probab l e U.S. Demand Requirement Recycle after Recycle (%) (%) 

LOW I 1985 13,100 3 - 3 0 0 
1990 15, sooa 82 - 82 1 1 
2000 20,200 2,590 75 1,840 13 9 

LOO II 1985 13,100 3 - 3 0 0 
1990 15,500a 82 - 82 1 1 
2000 20,200 2,590 750 1,840 13 9 

MEDIUM 1985 13,100 141 - 141 1 1 
N 

1990 15,500a 1,296 244 1,052 8 7 w 
~ 

2000 20,200 27,434 9,423 18,011 136 89 

HIGH I 1985 13,100 151 - 151 1 1 
1990 15,5ooa 3,478 376 3,102 22 20 
2000 20,200 71, 792 22,275 49,516 355 245 

HIGH II 1985 13,100 151 - 151 1 1 
1990 15,sooa 3,700 394 3,350 24 22 
2000 20,200 92,700 29 , 374 63,300 459 314 

aLinear interpolation of U.S. Bureau of Mines projections. 



Tabl e C.S. EHV Copper Demand with and without Recycling: Comparison with 
U.S. Bureau of Mines Projections by Scenario (short tons) 

A B C D B D 

U. S. Bureau of 
Ax 100 Ax 100 

Mines Estimate of EHV EHV Demand 
Scenario Year Probable U.S. Demand Requirement Recycle after Recycle (%) (%) 

LOW I 1985 3,000,000 2,647 - 2,647 0 0 
1990 3,700,000a 6,858 433 6,425 0 0 
2000 5,100,000 67,576 18,723 48,853 1 1 

LOW II 1985 3,000,000 3,700 - 3,700 0 0 
1990 3,700,000a 12,000 713 11,295 0 0 
2000 5,100,000 124,000 32,700 101,000 3 2 

MEDIUM 1985 3,000,000 4,904 - 4,904 0 0 N 

1990 3,700,000a 15,549 1,064 14,485 0 0 w 
V, 

2000 5,100,000 211,908 59,491 152,417 4 3 

HIGH I 1985 3,000,000 9,337 - 9,337 0 0 
1990 3,700,000a 43,222 2,534 40,688 l l 
2000 5,100,000 736,078 193,870 542,208 14 11 

HIGH II 1985 3,000,000 11,000 - 11,000 0 0 
1990 3,700,000a 56,400 2,140 54,300 2 l 
2000 5,100,000 896,000 174,000 723,000 18 14 

aLinear interpolation of U.S. Bureau of Mines projections. 



Tab l e C.6 . 

Scenario 
-- -·----·-· 
LOW l 

LOW II 

MEDIUM 

HI GH I 

HIGH ll 

236 

EHV Lith i um Demand without Recycling : 
Comparison with U.S . Bureau of Mines 
Project i ons by Scenario (short tons)a 

Year 

1985 
1990 
2000 

1985 
1990 
2000 

1985 
1990 
2000 

1985 
1990 
2000 

1985 
1990 
2000 

A 
U.S . Bureau ,>f 

Mines Estimate of 
Pr obable U.S. Demand 

- - ---------------------- -·-

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 

B 

EHV 
Requiremen t 

l 
6 

7 7 

I 
6 

77 

4 
380 

15,805 

0 
3.368 

172.847 

0 
0 
0 

aLi th i um demand with recycle is not estimated, bec ause i t i s unclear whet her 
EHV ma ter i als requireme nts would be s ign i f i cant e nough t o necessitate in it i a 
t ion of l it hium recyc ling . 

bNot available. 

Table C.7 . EHV Boron Demand without Recyc l ing : 

Scenario 

LOW I 

LOW 11 

MEDI UM 

HIGH I 

HIGH I I 

--- -------

Comparison wi th U. S. Bureau of Mi nes 
Projections by Scenario (short tons)a 

A 
U. S . Bureau of 

Mines Es t imate of 
Probabl e U. S. Demand 

B B Ax 10 0 

Year 

1985 
1990 
2000 

198 5 
1990 
2000 

1985 
1990 
2000 

198 5 
1990 
2000 

1985 
1990 
2000 

152 , 000 
186 ,000b 
278.000 

152,000 
186 . ooob 
278,000 

152,000 
186,000b 
278 ,000 

152,000 
186 . ooob 
278 , 000 

152,000 
186,000b 
278 ,000 

EHV 
Requireme nt 

. --- - - ·- - ·-· --
0 
0 
0 

0 
0 
0 

0 
43 

I. 824 

0 
38 7 

l 9 , 940 

0 
0 
0 

(%) 

0 
0 
0 

0 
0 
0 

0 
0 
l 

0 
0 
7 

0 
0 
0 

- - ------ - ---------·------------ - . ~-
3Boron demand with recyc l e i s not est imated, because EHV materia l s requ i re 
ments would not necess i t a te in it i ation of boron r ecycling . 

bLinear interpol a tion of U.S. bur e au of Mines proje c tions . 



Table C.8. EHV Zinc Demand with and without Recycling: Comparison with 
U.S . Bureau of Mines Projections by Scenario (short tons) 

A B C D B D 
U.S. Bureau of 

Ax 100 Ax 100 

Mines Estimate of EHV EHV Demand 
Scenario Year Probable U.S. Demand Requirement Recycle after Recycle (%) (%) 

LOW I 1985 1,630,000 33 - 33 0 0 
1990 1,820,000a 1,110 - 1,110 0 0 
2000 2,200,000 35,800 10,600 25,300 2 1 

LOW II 1985 1,630,000 33 - 33 0 0 
1990 1,820,0008 1,110 - 1,110 0 0 
2000 2,200,000 35,800 10,600 25,300 2 1 

MEDIUM 1985 1,630 , 000 1,947 - 1,947 0 0 
N 1990 1,820,000a 17,812 3,423 14,389 1 1 w 
-.J 2000 2,200,000 385,123 132,554 252,569 18 11 

HIGH I 1985 1,630,000 2,129 - 2,129 1 1 
1990 1,820,oooa 48,972 5,275 43,697 27 24 
2000 2,200,000 1,010,000 329,842 680,786 50 31 

HIGH II 1985 1,630,000 2,130 - 2,130 0 0 
1990 1,820,000a 52,700 5 , 530 47,200 3 3 
2000 2,200,000 1,310,000 409,000 897,000 59 41 

aLinear interpolation of U.S . Bureau of Mines projections. 
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EHV Al uminum Demand without Recycling: 
Compar i son with U.S. Bureau of Mines 
Projections by Scenario (short tons)a 

A 
U. S. Bureau of 

Mines Est imate of 
Probable U.S. Demand 

B B 
A x 100 

Scenario Year 
EHV 

Requirement (% ) 
••• - u--- - •-•- • ------- -·--

LOW I 1985 NAb 1 , 81 7 
1990 NA 9 ,486 
2000 20 ,000 , 000 121,538 

LOW II 1985 NA 3,055 
1990 NA 16,852 
2000 20,000 ,000 272,200 

MEDIUM 1985 NA 3, 480 
1990 NA 26 ,403 
2000 20,000 ,000 375. 949 

HlGH I 1985 NA 7,488 
1990 NA 66 . 568 
2000 20,000,000 1. 112, 744 

HIGH 11 1985 NA 7 ,488 
1990 NA 76 , 647 
2000 20,000,000 1 ,689,200 

. -----~--·------- - -·---- - ·-- - --~~-- - ---- - ·- -· -
aAluminum demand wi th recycle is not estimat ed ) because the re are 

no significant EHV materials problems for a luminum . 

bNot available . 

2 

6 

8 

Table C. 10. EHV Iron and Steel Demand without Recycling: 
Comparison with U.S. Bureau of Mines 
Projections by Scenar i o (short tons)a 

·- -------- -- ~~- - ·--·--·--· --- - ---- - ---- ·--· - -·--. 

A B 
U.S. Bureau of 

Mines Estimate of EHV 
Scenar io Year Prob ab le U.S . Demand Requirement 

- - - · 
B 
A X 

··-------------- --- ·-- ------ -·---·------
LOW I 1985 103 ,000,000 16,043 

1990 NAb 55, I 31 
2000 129,000,000 776,852 

LOW II 1985 103,000,000 24,085 
1990 NA 93,663 
2000 129,000,000 1 ,533,381 

MEDIUM 1985 103,000,000 31 , 056 
1990 NA 164,719 
2000 129 ,000 ,000 2,449,141 

HIGH I 1985 103 ,000,000 65,422 
1990 NA 442,825 
2000 129,000,000 7,505,095 

HIGH ll 1985 103 , 000,000 65,422 
1990 NA 495,803 
2000 129 , 000,000 10,692,994 

-- - · 

100 

(%) 

0 

0 

0 

2 

0 

6 

0 

8 
---------- ---

arron and steel demand with recycle is not estimated, because there are no 
significant EHV materials problems for iron and steel. 

bNot ava dab l e . 
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the power plant, and transmitted to the battery charger. Energy is used 
at each step. Crude oil for gasoline or diesel fuel production for CVs and 
HVs must be extracted, transported to the refinery, refined , stored, and 
distrib~ted. Again, energy is consumed at each step. Energy is also required 
to construct and maintain the facilities that process the fuel resources. 
This latter energy and the portion of it that can be attributed to the total 
energy consumed by EHV and CV operation is described and included in this 
analysis. 

Energy also is required for other act1v1t1es related to vehicle opera
tion, such as highway construction and maintenance, vehicle servicing, in
surance and regulation, and enforcement. Analysis of these types of energy 
requirements i s not included here, because the energy needed for t hese activi
ties usually is virtually the same between EHVs and CVs or has only marginal, 
if any, impact on the overall results of the analysis. For example, because 
of the good performance capabilities of EHVs, no changes are expected in 
highway construction requirements. As a result, the focus of the following 
vehicle operation analysis is on the total energy requirements associated with 
generating electricity for EHVs and providing gasoline and diesel fuel for CVs 
and HVs. 
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Table C.11. Input and Output Model Results for Lead, Zinc, 
and Copper Smelt ing 

Output 
009 1979$) 

Material Scenar i o 1990 2000 

Lead BASE 2 . 13 2 . 67 
LOW I 2 . 13 3.38 
LOW II 2 .13 3.91 
MEDIUM 2 .13 3.38 
HIGH I 2 . 13 4.98 
HIGH II 2 .13 4.09 

Zinc BASE 2. 13 2.49 
LOW I 2 .13 2.49 
LOW II 2 . 13 2 .49 
MEDIUM 2 . 13 2.85 
HIGH I 2 . 13 2.49 
HIGH II 2 .13 3 . 91 

Copper BASE 5.33 5 . 69 
LOW I 5.33 5.69 
LOW II 5 . 33 5.87 
MEDIUM 5.33 5.69 
HIGH I 5 . 33 5.87 
HIGH II 5 . 33 5.87 

C. 2.1.1 Methodology 

Energy Resource Requirements at the Power 
Plant and Service Station Pump 

Percentage Increase 
i n Output over BASE 

(all CVs) 

1990 2000 

0 27 
0 46 
0 27 
0 87 
0 53 

0 0 
0 0 
0 14 
0 0 
0 57 

0 0 
0 3 
0 0 
0 3 
0 3 

Energy intensities (kilowatt hours per mile for EVs and HVs and gallons 
per mi le for HVs and CVs) for each type of vehicle by scenar io and assessment 
year are given in Sec. B.2.2. The e l ectricity used is calculated at the power 
plant busbar and takes into account t ransmission losses be tween the power 
plant and user and the efficiencies of the charger and the battery. The total 
annual kilowatt hours of electricity r equir e d to operate EHVs by scenario and 
assessment year are presented in Table C.12. 

Also included in Table C.12 is the composition of fuels used to gener
ate this electricity (see App. F) . Appendix F provi des the c onvers ion effi
ciencies for oil, coal, natural gas, and nuclear fuel, and the tota l resource 
requirements at the power plant for each fue l type by scenario and assessment 
year. Table C.13 presents these total resource requirements, incl ud ing 
resource requirements for hydro and pumped storage. These latter requirements 
are derived by assuming a conversion eff i ciency of 10,600 Btu/kWh fo r these 
facilities, which approximates the average resource input r equired if t he 
electricity were generated by another type of power plant. 



Table C.12. El ectricity Generation Necessary for EHV Operation by Fuel Type 

Scenario 

LOW I LOW II MEDIUM HIGH I HIGH II 

Fuel % 106 kWh % 106 kWh % 106 kWh % 106 kWh % 106 kWh 

1990 

Nuclear 27 . 7 320.6 27.8 546 .8 27.9 703.0 27.4 1,806.0 27.4 1,804.2 

Coal 51. 3 593.4 51. 3 1,008.6 51. 5 1,294.8 51.0 3,356.5 51.0 3,353.0 

Oi l (base and 16.6 191.7 16.5 325.1 16.6 417.3 17.4 1 , 147.2 17 .4 1,146.0 
peak) 

Natural gas 3.5 40.9 3.5 68.1 3.4 86.9 3.4 226.9 3.4 226.7 
(base and peak) 

Othera 0.9 11.1 0.9 17 .4 0.6 14.2 0.8 49.7 0.8 49 .1 
N 

Total 100.0 1,157.7 100.0 1, 966 .0 100.0 2,516.2 100.0 6,586.4 100.0 6, 579 .0 
~ 
t--

2000 

Nuclear 39.6 7,078.3 38.7 13, 659. 0 38.4 21,066.3 36.3 64,496.4 36.3 62, 582 .0 

Coal 44.5 7,967.3 44.2 15, 598.0 44 . 1 24, 187.3 44.7 79,257.7 44.7 76,830. 1 

Oil (base and 12.5 2,242.0 13.6 4,779.5 13.9 7,635 .6 15.2 26,982.2 15.2 26,129.6 
peak) 

Natural gas 2.8 499.0 2.7 955. 8 2.7 1 ,470.0 2.4 4,273.1 2.4 4,149.6 
(base and peak) 

Other a 0 . 6 103.6 0.8 278 .8 0.9 475.7 1.4 2,4 55.6 1.4 2,368. 1 

Tota l 100.0 17,890.2 100.0 35,271.1 100.0 54,834.9 100 .o 177,465.0 100.0 172 ,059 . 4 

aHydro and pumped storage . 

Source: App. F. 



242 

Table C. 13. Resource Requirements at 
EHV Operation ( 1012 Btu) 

Power Plant for 

-·-----
Scenario --·--------

Fuel LOW I LOW II MEDIUM HIGH I HIGH II 

1990 

Nuclear 3 .42 5.83 7 . 50 19.27 19 . 24 

Coal 6.04 10 . 26 13 .18 34 .16 34 .12 

Oil (base and peak) 2.08 3.53 4.53 12 .45 12 . 43 

Natural gas (base and peak) 0.44 0. 73 0.94 2 .45 2 .44 

Othera 0 . 12 0.18 0 . 15 0.53 0 . 52 

Total 12. 10 20.53 26 . 30 68.86 68. 75 

2000 

Nuclear 75.51 145.70 224. 71 68 7. 99 667.56 

Coal 81 . 07 158.73 246. 13 806.52 781 . 82 

Oil (b ase and peak) 24.90 53.30 85.27 31 1 . 89 301.90 

Natur al gas (base and peak) 5.40 10 . 34 15.89 46.23 44.89 

Other 1. 10 2.96 5.04 26.03 25 .10 

Total 187.98 371.03 577 .04 1878.66 1821.27 

aHydro and pumped storage. 

Source: App. F. 

Gallons of gasoline and d iesel fuel are measured at the service station 
(or other vehicle-fueling facility) pump . All CVs and HVs use gasoline except 
the conventional large buses, which use diese l fue l. The total annual gallons 
of gasoline and diesel fuel and equivalent Btu necessary fo r CV and HV opera
t i on in the various scenarios are shown in Tables C.14 and C. 15. CV fue l 
consumption is for VMT equivalent to t he VMT projected for EHVs . The conver
sion factor for gasoline is 5.248 x 106 Btu/bbl of oil (1 bbl= 42 gal) and 
for diesel fuel is 5.825 x 106 Btu/bb l . 

Energy Supply Pathways 

The resources shown in Tab l e C .13 are those required at t he power 
plant. They do not include the energy losses that occur before the fuels 
are delivered to the power pl ant. Similarly, the petroleum requirements 
in Table C.15 for CV and HV heat engine operat i on do n ot include losses 
associated with petroleum extract1on and refining . An accurate accounting of 
the total energy requirements of dif ferent types of vehicles must i nclude 
sue h losses . 
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Table C.14 . Total Gasol ine and Diesel Fuel Requirements for HV 
Heat Engine Operation and for CV Operation (106 gal)a 

- · - ·-- - - ··-

Scenario 

Vehicle LOW I LOW II MEDIUM HIGH I HIGH II 

Hybrid 

1990 16 .15 20 .96 

2000 359.15 1,557.46 

Conventional 

1990 - Gasoline 91. 556 150. 941 184.639 448. 175 458 . 124 

- Diesel 11.804 52 . 530 46 . 966 

2000 - Gasoline 1 ,402 . 336 2,769 . 564 4,372.099 14,319 .428 14,405 . 799 

- Di esel 51.941 51.941 225 . 399 344 . 821 139 . 889 

aGallons of gasoline and diesel fuel used by CVs are for CVs travel i ng equiva
lent VMT as EHVs i n the several scenarios and measur ed at the service s t ation 
pump . 

Tabl e C. 15 . Total Fuel Required for HV Heat Engine Operation 
and f or CV Operation (1012 Btu)a 

·--·- ·•·- ·- -

Scenario 
- ·- ·- ·- ·-

Vehic l e LOW I LOW II MEDIUM HIGH I HIGH II 

Hybrid 

1990 2.01 2 . 62 

2000 44.89 194.68 

Conventional 

1990 11 .44 18.87 24 . 72 63.31 63 . 78 

2000 182.49 353 .40 577.77 1837. 76 1820 .1 2 

aBt u used by CVs are for CVs travel ing equivalent VMT as EHVs ln the 
several scenarios and measured at the service stat i on pump. 
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The methodology for this analysis is adapted from Refs . C. 9, C.10, and 
C.11. Using a combination of process analysis and input-output analys i s , 
these studies delineate for each fue l the energy losses and subsidies in 
fuel extraction , production, and transport associated with the delivery of a 
specified amount of energy to a distribution point (i.e., power plant or 
pipeline). The losses and subsidies include phys ica l losses of fuel, 
internal consumption of fuel , and external energy. External energy includes 
the fuels, electricity, materials, and equipment required to operate and 
construct the fuel processing system. Petroleum production, natura l gas 
production, coal strip mining, underground coal mining, nuclear electricity, 
and other energy supply pathways are e xamined in this way. 

Table C.16 is based on the energy supply pathways developed in Ref. C.9 
and presents the factors used to determine the total energy resource require
ments associated with EHV and CV operation. The first column gives the in situ 
resource requ i red to support the delivery of 1 Btu of energy to a power plant 
or service station pump; the second gives the recovered (mined or produced) 
resource required; and the third gives the external subsidies required, which 
are measured from the mine or wellhead . The firs t and third columns deserve 
spec ial comment. 

In situ resource is defined as the recover e d or above-ground resource 
plus the unrecovered resource. Unrecovered resources are those left in the 
ground, damaged, lost , or otherwise degraded and which a r e generally unavail
able to today's society given current extrac tive technology and economics. 
For example, the pillars of coal that support the mine roof and that are left 
in the mine are an unrecovered resource. 

Tab le C. 16. Energy Resource Requirements Associated with 
Energy Supply Pathways (Btu) 

In Si tu Recovered External 
Resource Resource Resource Subs idya To Deliver 

Petroleum 3.24 1 . 09 0.083 1 Btu to power 

Natural gas 1. 70 1.19 0.023 1 Btu to power 

Coal 

Sur face 1. 15 1.15 0.038 l Btu to power 
Underground 2 . 01 1.15 0.043 l Btu to power 

Nuclear 1.30 1. 24 0.055 1 Btu to power 

plan t 

plant 

plant 
plant 

plant 

Petroleum 3.26 1 . 09 0 .107 1 Btu at service 
station pump 

aExternal subsidies for power plant fuels include operating subsidies 
for the power plant and the transmission system. 

Source: Ref. C.9. 



245 

The purpose of including unrecovered resource requirements in energy 
analysis is to recognize that only a portion of the total i n situ resource is 
currently available. This method is an attempt to address the issue of the 
finiteness of fossil fuel resources and their rates of depletion . While 
future gene rat ions may recover some of the pre sent ly unrecovered re sources, 
they will probably do so at high capital and energy costs and with presently 
uneconomic or undeveloped technologies. For today ' s society, however, fuel 
resources are depleted by more than t he recovered resource. Other fuel 
resources are made unavailab l e. 

For some of the fuel pathways, the amount of unrecovered resource left 
behind by current extractive technologies is substantially greater than what 
can be recovered economically. The petrol eum pathway is the most inefficient 
with respect to resource recovery among those energy pathways considered here. 
The petroleum recovery rate is presently estimated at 33%. Even if tertiary 
recovery were to become economical, estimates suggest that the petroleum 
recovery rate would only increase to approximately 50%. Such inefficiencies 
dramatically affect the energy analysis of this EA. For this reason , the 
results of the energy comparison of EHVs with CVs are presented in two ways: 
one compares the in s itu resource requirements and the other compares re
covered resource requirements only . 

Several comments should be made with regard to the external subsidies. 

1. Some of the subsidies developed in Ref. C.9 have been 
modified for this analysis . For example, because EHV 
commercialization is estimated to have l ittle or no impact 
on utility capacity r equirements (see App. F), the energy 
required to construct power plants, transmission systems, 
and capital equipment 1s excluded from the external 
subsidies used in this analysis. However, the operating 
energy associated with the power plants and transmission 
systems is i ncluded. 

2. The pathways developed in Ref. C. 9 do not include subsi
dies for the electricity distribution system. While 
additional distribution lines and line transformers and 
upgraded substations in some local i ties may be required 
with EHV commercialization, no attempt is made here to 
inc l ude the energy subsidies associated with this activity 
or the operating subsidies associated with distribution. 
These expend itures should be quite small. 

3. No modification is made to account for gasoline requiring 
a greater external subsidy than diesel fuel at the refin
ery. The external subsidy factor used here represents 
all petroleum products. 

Table C.16 does not i nclude supply pathways for hydroelect ric or 
pumped storage facilities because none of the reports exami ned included them. 
As stated previously, an average value of 10,600 Btu/kWh is used to determine 
energy resources that would be required if power plants other than hydroelec
tric or pumped storage generated the electricity. In fact, hydroelectric 
facilities are among the most efficient energy-producing systems, having 
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actual efficiencies of 75-80%.C.12 Pumped storage facilities, while less 
efficient than hydro units, also are significantly more efficient than other 
power plant types. In some evaluations. hydroelectricity is not conve rted to 
a fossil fuel equivalent value. Because of the above factors and because 
hydro and pumped storage units together account for no more than 1.5% of t otal 
electricity gene rat ion in any of the ERV scenarios. the only energy require
ments assumed for these power plant types in this analysis are those shown in 
Table C.13. 

Finally, Ref . C.9 disaggregates the external energy subsidies into both 
operating and capital components and further disaggregates those components 
into their fuel sources (coal, oil, etc.). This level of detail is unneces
sary for this analysis, because external energy subsidies in the fuel pathways 
are small relative to resource fue l requirements. For al l fue l s except 
petroleum , they are less than 5% of t h e recovered resource f uel requirements. 
For petroleum, they are 8-10%. 

C.2.1.2 Vehicle Operation Energy Resource 
Requirements by Scenario 

Total resource requirements associated with e l ectricity genera t ion 1n 
each ERV scenario are derived by applying the resource factors presented 
in Table C.16 to the resource requirements at the power plant shown in Table 
C.13. As stated previously, the values given in Table C.13 for "other" are 
assumed to be the total resource requirements for hydro and pumped storage 
energy. The results for each fuel type are presented in Tab l es C.17-C.21 
and are combined in Tables C.22 and C.23. It should be noted that EIA pro
jects that 56% of the coal supply will be from surface mines in 1990 and 57% 
1n 1995.C.13 This analysis assumes 56% in 1990 and 57% in 2000. 

Total resource requirements associated with gasoline and diese l produc
tion for RVs and CVs also are derived by applying the resource factors 
presented 1n Table C . 16 to the Btu requirements at the service stat i on pump 
presented 1n Table C.15. The results for RVs are given in Table C.24 and for 
CVs in Table C.25. 

Tables C.26 and C.27 compare the energy resource requirements of EHVs 
and CVs . Table C.26 shows that the total in situ resources required (includ
ing external subsidies) to operate EHVs are less in all scenarios and both 
assessment years than those required for CVs traveling the same VMT. In 1990, 
the in situ requirements for the EV-on ly scenarios are 57-59% of the require
ments for CVs. In 2000. the range drops to 52-54% as a result of the de
creased use of oil for e l ectricity generation. For the scenarios with HVs, 
the in situ resource requirements as a percentage of CV resource requirements 
are somewhat higher than those for the EV-only scenarios becaus e of the 
resource requirements for gasoline for the HVs. Even so, EHV in situ resource 
requirements are 63-69% of the CV requirements in 1990 and 64-6 7% in 2000. 

Table C.27 compares the recovered resource energy requirements (includ
ing external subsidies) for EHV and CV operation . In al 1 scenarios and both 
assessment years, EHVs require more energy for operation . The scenarios with 
HVs show the greatest increase, i .e. from 12% to 20% in 2000 . The EV-only 
scenarios require no more than a 5% increase over what would be required by 
CVs in 2000. 
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Table C.17. Energy Resource Commitment for EHV Operation 
on Batteries, Petroleum (1012 Btu) 

- ·--- ··--

Scenario 
·- -·- - --

Year LOW I LOW II MEDIUM HIGH I HIGH II 
·---- - · --- -·---

1990 

Resource required 2 . 08 3.53 4.53 12 . 45 12.43 
at power p l ant 

Initial resource 6.74 11 .44 14.68 40.35 40 . 29 
required 

Recovered resource 2.27 3.84 4 . 93 13.56 13 . 54 
required 

External subsidy 0 .1 7 0 . 29 0.38 1.03 l. 03 

2000 

Resource required 24 .90 53 . 30 85.27 311 . 89 30 1 . 90 
at power plant 

Initia l r esource 80.70 172 . 75 276.36 1010.84 978.46 
requi red 

Recovered r esource 27 . 12 58 . 04 92.86 339 . 65 328. 77 
requi red 

Ex t e rnal subsidy 2 . 06 4 . 42 7.07 25.85 25 . 02 
------ ----

Several comments are a ppropriate here . The results given 1n Table C.26 
do not i nclude tertiary recovery of petr o l eum. If 50% recovery of pet r oleum 
is assumed, the CV in situ resource requirements decrease substant i ally and 
improve relative to the EHV r e quirements, but the EHV in situ requir ements 
remain lower . The results shown in Ta ble C. 27 also would change with 50% 
recovery . Using Ref . C. 9 factors for tertiary recovery in three scenarios in 
2000, EHV recovered resource requirements are actually lower than those fo r 
CVs , though the difference is very small. At worst, EHV total recovered 
r esource requirements in LOW II are 3% higher than those for CVs. Tertiary 
recovery technologies require greater exter nal subsidies, thereby impacting 
the CV total requi r ements more than the EHV total requirements . 

Further , it has been suggested that EHVs will replace vehicles wi th 
better fue l economy than has been assumed i n t his asse ssment . This is parti
cularly true for the four- and five- passenger autos, since it is assumed that 
CAFE s t andards are constant after 1985. Any i mprovement in CV fuel economy 
over tha t used woul d obv i ously improve the CV totals relative to the EHV 
totals . However, it would take a dramatic inc r ease in fuel economy to bring 
CV in situ r esource r equiremen ts i n line with those fo r EHVs . For example , in 
the MEDI UM scenario in 2000, a doubling of t he fuel economy of all CVs used 
fo r comparison would be requir ed to lower the CV requirements to the point 
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Table C.18. Energy Resource Commitment for EHV Ope ration on 
Batteries, Coal from Surface Mines (1012 Btu)a 

Year 

1990 

Resource required 
at power plant 

In i tial resource 
required 

Recovered resource 
required 

External subsidy 

2000 

Resource required 
at power plant 

Initial resource 
required 

Recovered resource 
required 

External subsidy 

LOW I 

3.38 

3.88 

3.88 

0 .13 

46.21 

53 .10 

53 . 05 

1. 74 

Scenario 

LOW II MEDIUM HIGH I 

5.75 7.38 19 .13 

6.61 8.48 21.98 

6.60 8.47 21. 96 

0.22 0.28 o. 72 

90 .48 140.27 459.72 

103. 96 161.19 528.22 

103.87 161.05 527.76 

3.41 5.29 17.3 2 

aAssumes 56% from surface mines 1n 1990 and 57% in 2000. 

HIGH II 

19 .11 

21.96 

21.94 

0. 72 

445. 64 

512 .04 

511.59 

16.79 

where they were equal to the EHV in situ requirements . However. such a 
doubling of fuel economy would improve the CV recovered resource requirements 
to such an extent that EHVs would require twice the total recovered resource 
energy of CVs. Such a drastic weight reduction and downsizing for CVs , 
however , should also allow for smaller and more efficient EHVs. 

Finally, the EHV scenarios do, obviously, save on petrol eum consumption 
in vehic le operation. Table C.28 provides the direct petroleum savings in Btu 
from EHV operation in each scenario in 1990 and 2000. In this instance, 
direct petroleum means fuel oil consumed at the power plant to generate 
electricity for EHV operation and gasoline and diese l fuel at the pump . Fue l 
oil consumed in generating electricity for EHVs and gasoline fo r HVs has been 
subtracted from the petroleum that would have been consumed by CVs. The EHV 
scenarios use 13-28% of the petroleum requi red by the BASE scenar i o . If the 
petroleum savings are converted into barre l s of crude oil, 2-9 mill ion barrels 
would be saved in 1990 and 27-263 mill ion barrel s in 2000, depending on the 
scenario. If petroleum losses in extract ion, refining, and transpor t were 
considered, the petroleum savings of the EHV scenarios would be 10% higher. 
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Table C.19. Energy Resource Commitment for EHV Operation on 
Batteries, Coal from Under ground Mines (1012 Btu)a 

Year 

1990 

Resource required 
at power plant 

I n i tial resource 
r e quired 

Recovered r esource 
required 

External subsidy 

2000 

Resource r equired 
at power plant 

Initial resource 
required 

Recovered resource 
required 

External sub sidy 

LOW I 

2.66 

5. 36 

3 .05 

0 .12 

34.86 

70.21 

40.02 

1. 52 

Scenario 

LOW II MEDIUM HIGH I 

4.51 5.80 15.03 

9.08 11.68 30.27 

5 .18 6 .66 17.25 

0.20 0.25 0.65 

68 .25 105 . 84 346 .80 

137.46 213.1 6 698.46 

78.35 121.50 398 .13 

2.97 4. 60 15.08 

aAssumes 44% from underground mines in 1990 and 43% in 2000 . 

C.2.2 Total Resource Requirements for Vehicle Pr oduction 

HIGH I I 

15.01 

30.23 

17.23 

0.65 

336 .18 

6 77. 07 

385.93 

14 .61 

To dete rmine the energy consumed in the production of vehicles, the 
quantities of major materials required t o produce the vehic l es, the energy 
resources needed to produce these materials, and the energy resources neces
sary to assemble the vehicles are requir ed. Section B.3. 3 provides the energy 
consumed i n the production of EHVs and CVs on a 100,000 vehicle unit basis 
for the asses sment ye ars of each scenario. The energy required for each 
appropriate processing step (mining, mill i ng, smelting, refining, processing, 
machining, fabrication, and assembly) is included. Eighteen major materials 
are examined . Only domestically produced veh icles are characterized . 

Sec tion B.3.3 does not include the e nergy n eeded to produce the 
unspecified and relatively mi nor materials found in all parts of the vehicle. 
These materials account for 11-13% of EHV total mater ials and 17% of CV t otal 
materials. In order to accoun t for the energy embodied in these materials, an 
average of the energy r equirements for the 18 majo r mat erial s in CVs is 
utilized in this analysis, i.e ., 17.8 x 109 Btu/106 lb . 

Us ing this ave rage, Table C. 29 gives the tot al energy consumed in 
the produc tion of al l domestically produced EHVs in each scenario in 1990 and 
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Table C.20. Energy Resource Commitment for ERV Operation on 
Batteries, Natural Gas (10 12 Btu) 

---------

Scenario -------

Year LOW I LOW II MEDIUM HIGH I HIGH II 

1990 

Resource required 0.44 0. 73 0.94 2.45 2.44 

at power plant 

Initial resource 0. 75 1. 24 1. 60 4 .16 4 . 14 

required 

Recovered resource 0.52 0.87 1.12 2.91 2.90 

required 

External subsidy 0.01 0.02 0.02 0.06 0.06 

2000 

Resource required 5.40 10.34 15.89 46.23 44.89 

at power plant 

Initial resource 9 . 16 17.55 26.97 78.45 76 .18 

required 

Recovered resource 6.42 12.28 18.88 54.92 53.33 

required 

External subsidy 0 .13 0.24 0.37 1.07 1. 04 

2000 and the energy requirements for domestic production of comparable CVs. 
As the table shows, ERV production requires substantially more energy : 
35-53% more in 1990 and 30-62% more rn 2000. This difference can be attri
buted generally to the greater weight of the EHVs. 

Table C.29 includes the energy required to produce the energy used in 
the production process (e.g., the e nergy to extract oil though not the energy 
to transport it), the direct energy consumed by equipment and materials 
handling, and some indirect energy. 

In order to estimate in situ energy requirements for vehicle production 
and oil consumption in ERV production, national industrial energy consumption 
fuel shares of the Btu requirements shown in Table C.29 were estimated (se e 
Table C.30). These estimates are based on EIA Series C (mid-supply, mid-de
mand) projections.C.14 Since year 2000 fuel shares are not projected, it 
is assumed here that the shares for 2000 would be similar to those of 1995. 
Reference C.14 provides industrial consumption projections; in this analysis, 
electricity is converted to its primary form, again using EIA projections . 

Table C.31 presents the results of applying the Ta ble C.30 fuel 
shares to the total Btu requirements for vehicle production shown in Table 
C. 29. Obviously, EHV production requires greater amounts of al 1 fue l types. 
Since all of the figures include external subsidies, no conversion of the 
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Table C.21 . Energy Resource Commitment for 
(1012 Btu) 

EHV Operation on 
Batteries, Nuclear 

Scenario 

Year LOW I LOW 11 MEDIUM HIGH I HIGH II 

1990 

Resource required 3.42 5.83 7.50 19 . 4 7 19.24 
at power plant 

Initial resource 4.45 7.58 9.76 25.07 25.03 
required 

Recovered resource 4.23 7.21 9.27 23.82 23.78 
required 

External subsidy 0 .19 0.32 0 . 42 1.07 1.07 

2000 

Resource required 75.51 145. 70 224.71 687.99 667.56 
at power plant 

I nitial resource 98 . 24 189.56 292 . 35 895.07 868.50 
required 

Recovered resource 93 . 33 180.09 277 . 74 850.36 825.10 
required 

External subsidy 4 .19 8 . 08 12 . 46 38 .16 37.03 

increase in petroleum consumption to equivalent barrels of oi l 1s attempted 
here . 

In order to derive the in situ resource requireme n t s associated with 
EHV product ion, the re lat i on ships presented 1n Tab le C. 16 between recovered 
resource requirements and in situ resource requirements for each fuel type 
are applied to Table C.31. The results are shown in Table C.32. Aga i n, EHV 
production has higher in situ resource requirements . 

A number of factors should be considered in evaluating the results of 
the analysis of the energy expended in vehicle production . First, the greater 
energy consumed per vehicle in low-volume production has not been accounted 
for in this analysis. Mass production lines, which are more energy efficient, 
would not be implemented until market demand is at least 100,000 units per 
year. In the LOW scenarios in 1990, less than 100,000 EHVs are produced. In 
the same year in the other scenarios, many of the EHVs are serially produced. 
By 2000, mass production should be in effect, but some smal l domestic manu
facturers may still be serially producing some EHVs. In effect, the energy 
totals shown in Table C.29 for producing EHVs should be somewhat h i gher. The 
CV production energy totals are probably correct, s ince the CVs tha t EHVs 
would replace would probably be mass produced. 
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Table C. 22 . Total Resource Commitment from All Fuels for 
EHV Operation on Batteries, In Situ Resource 
Requirements (1012 Btu) 

Scenario 
-------------------- - ---- - -

Year 

1990 

Petroleum 

Total coal 

Natural gas 

Nuclear 

External subsidy 

Othera 

Total 

2000 

Petroleum 

Total coal 

Natural gas 

Nuclear 

External subsidy 

Othera 

Total 

LOW I 

6.74 

9 . 24 

0 . 75 

4.45 

0.62 

0 . 12 

21. 92 

80. 70 

123.31 

9.16 

98. 24 

9 . 64 

1. 10 

322.15 

aHydro and pumped storage. 

LOW II 

11.44 

15 . 69 

1 . 24 

7.58 

1.05 

0 .18 

37.18 

172. 75 

241 .42 

17.55 

189.56 

19 .12 

2 . 96 

643.36 

MEDIUM HIGH I HIGH II 

14.68 40.35 40 . 29 

20 . 16 52 . 25 52 .19 

l. 60 4 .16 4. 14 

9.76 25.07 25.03 

1. 35 3 . 53 3.53 

0 . 15 0. 53 0.52 

47.70 125.89 125.70 

276.36 1010.84 978.46 

374.35 1226 .68 1189.1 1 

26. 97 78.45 76. 18 

292.35 895 . 07 868.50 

29.79 97.48 94.49 

5 .04 26.03 25 .10 

1004.86 3334 . 55 3231 .84 

Second, while energy subsidies for fabricating and assembling the 
vehicles are included in the total product ion energies, energy spent i n 
converting CV production facilities to EHV production faci lities is not 
included . In addition, the energy spent in constructing new production lines 
for EHVs over that which might have been required for new production lines for 
the BASE scenario is not included. Both of these would increase the EHV 
totals. 

C. 2 . 3 Total Resource Requirements for Vehic le 
Operation and Product ion per Year 

The combined results of the operation and production analyses are 
pr esented in Sec. 3.3. In reviewing the results , it should be r ecognized 
that the two approaches of the analyses are not entirely consistent. For 
example, external subsidies appear to be more fully r e presented in the vehicle 
operation analysis. However, in deriving the combined in situ resource table, 
the in situ resources of the external subsidies are included in the vehicle 
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Table C.23. Total Resource Commitment from All Fuel s for 
EHV Ope ration on Batteries, Recovered 
Resource Requirement s (1012 Btu) 

Scenario 

Year LOW I LOW II MEDIUM HIGH I 
-------·-

HIGH I I 
-- - - - - - ----

1990 

Petroleum 

Total coal 

Natural gas 

Nuc l ear 

External subsidy 

Othera 

Total 

2000 

Petroleum 

Total coal 

Nat ural gas 

Nuclear 

Ex ternal subsidy 

Othera 

2 . 27 3 .84 

6. 93 11 . 78 

0 . 52 0.87 

4.23 7.21 

0. 62 1.05 

0 . 12 0 .18 

14 . 69 24. 93 

27.12 58 . 04 

93 . 07 182 . 22 

6.42 12 . 28 

93.33 180 .09 

9.64 19 .12 

1.10 2 .96 

4.93 13.56 13.54 

15 .13 39 . 21 39 . 17 

1.12 2 .91 2.90 

9.27 23.82 23. 78 

1. 35 3.53 3.53 

0.15 0.53 0 . 52 

31.95 83.56 83.44 

92.86 339.65 328. 77 

282.55 925 . 89 897 . 52 

18.88 54 . 92 53.33 

277. 74 850.36 825. 10 

29.79 97 .48 94.49 

5.04 26.03 25 .10 

Total 230.68 454 . 71 706.86 2294.33 2224.31 

aHydro and pumped s t orage. 

pr oduction numbers but are no t included in the vehic l e operation numbers. 
Further, in the vehicle pr oduction analysis, only energy consumed domestically 
to produce domestic vehic l es i s incl uded. In t he vehicle opera t ion analysis, 
while some energy con sumpt i on in the extraction of petroleum in foreign 
countr ies might have been exc l uded, it is not . In effec t, domest i c energy 
sources for all operational f uel requirements of the BASE and EHV scenarios 
are assumed. However , fo r purposes of providing perspect i ve on the total 
energy requirements associated with EHV introduction, it i s still worthwhi l e 
to combine the analys i s results . 

C.2.4 Per Mi le Analysis 

The method used to compar e EHVs and CVs on an ene rgy-consumed-per-mi l e 
basis (including operat i ng and production energies) i s as f ol l ows: 

1. For a specific scenario and year, the product ion energy 
deter mined i n Sec. B. 3 . 3 for both 100,000 EHVs and CVs, 
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Table C.24. Energy Resource Commitment for HV Heat 
Engine Operation, Gasoline (1012 Btu) 

Scenario 

LOW II HIGH II 

1990 2000 1990 2000 

Resource required 2.01 44 . 89 2.62 194.68 
at pump 

Initial resource 6.55 146.21 8.53 634.07 
required 

Recovered resource 2.20 49 .1 1 2.87 212 .98 
required 

External subsidy 0 . 21 4.79 0.28 20. 78 

Table C.25. Energy Resource Conunitment for CV Operation: 
Gasoline and Diesel Fuel (1012 Btu)a 

Scenario 

Year LOW I LOW II MEDIUM HIGH I 

1990 

Resource required 11.44 18.87 24. 72 63.31 
at pump 

Ini t ial resource 37.26 61.46 80.51 206.20 
required 

Recovered resource 12.52 20.64 27.04 69.26 
required 

External subsidy 1. 22 2.01 2.64 6.76 

2000 

Resource required 182.49 353.40 577.77 1837.76 
at pump 

Initial resource 594.37 1151.00 1881.80 5985.58 
required 

Recovered resource 199.64 386.62 632.08 2010.51 
required 

External subsidy 19.48 37.72 61.67 196 . 16 

8 CV VMT equal to EHV VMT in each scenario. 

HIGH II 

63. 78 

207 . 73 

69.78 

6.81 

1820.12 

5928 .13 

1991 .21 

194.28 
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Table C.26. Comparison of Total Resource Commitment for EHV and CV 
Operation, In Situ Resource Requirements (1012 Btu)a 

Year 

1990 

Electricity 
generation 

Gaso 1 ine for HVs 

Total CV 

Total EHV 

CVs minus EHVs 

EHV x 100 (%) 
CV 

2000 

Electricity 
generation 

Gasoline for HVs 

Total CV 

Total EHV 

CVs minus EHVs 

EHV x 100 (%) 
CV 

LOW I 

21.92 

38.48 

21.92 

16.56 

57.0 

322. 15 

613.85 

322. 15 

291.70 

52.5 

LOW II 

37.18 

6.76 

63.47 

43.94 

19.53 

69.2 

643.36 

151.0 

1188 . 72 

794.36 

394.36 

66.8 

Scenario 

MED IUM 

47. 70 

83 .15 

47.70 

35.45 

57.4 

1004.86 

1943.47 

1004.86 

938.61 

51. 7 

HIGH I 

125.89 

212.96 

125.89 

87.07 

59.1 

3334.55 

6181.74 

3334.55 

284 7. 19 

53.9 

asame VMT for EHVs and CVs in each year of each scenario. Data 
include external subsidies. 

but increased by the energy required for unspecified 
"other" materials a s described in Sec. C.2.2, is assumed 
to apply to 100 ,000 vehicles produced five years earlier. 
In addition, a similar distribution of vehicles pro
duced is assumed. The production energy per year for the 
1 ife of these vehicles is determined by dividing the 
total production energy by 10 yr. 

2. The above process provides production energy on a re
covered resource basis for 100,000 vehicles in each 
scenario. To determine in situ resource requirements for 
producing these 100,000 vehicles, the energy determined 
in step 1 is factored up by the same factors that were 
used to determi ne for all vehic l es in each scenario the 
total in situ energies required for production shown in 
Table C.32 . 

HIGH II 

125.70 

8.81 

214.54 

134 .51 

80.03 

62.7 

3231.84 

654.85 

6122.41 

3886.69 

2235. 72 

63.5 
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Table C.27. Comparison of Total Resource Commitment for EHV and CV 
Operation, Recovered Resource Requirements (1012 Btu)a 

Scenario 

Year LOW I LOW II MEDIUM HIGH I HIGH II 

1990 

Electricity 
generation 

14.69 24.93 31. 95 83.56 83.44 

Gasoline for HVs 

Total EHV 

Total CV 

CVs minus EHVs 

14.69 

13. 74 

0.95 

2.41 

27.34 

22.65 

4.69 

31.95 

29.68 

2.27 

83.56 

76.02 

7 .54 

3 .15 

86.59 

76.59 

10.00 

ERV 100 (%) 
CV x 107 121 108 110 113 

2000 

Electricity 
generation 

230.68 454. 71 706.86 2294.33 2224.31 

Gasoline for HVs 

Total EHV 

Total CV 

CVs minus EHVs 

EHV x 100 (%) 
CV 

230.68 

219.12 

11.56 

53.9 

508.61 

424.34 

84.27 

120 

706.86 

693.75 

13. 11 

102 

2294.33 

2206.67 

87.66 

104 

asame VMT for EHVs and CVs in each year of each scenario. Data 
include external subsidies. 

233.76 

2458.07 

2185.49 

272. 58 

112 

3. For the same 100,000 vehicles (both EHVs and CVs), total 
VMT and energy consumption ( in kilowatt hours and gal
lons) can be determined by applying the annual VMT per 
vehicle type and energy per mile per vehicle type to the 
total number of vehicles of each specific vehicle type 
in the distribution of vehicles. VMT and energy inten
sity for the specific vehicle types produced in a given 
year are assumed to be the same as fleet averages for 
these specific vehicle types five years from the time of 
vehicle production. 

4. The total kilowatt hours used by EHVs and gallons by HVs 
and CVs for these 100,000 vehicles are then converted to 
Btu and taken as a proportion of the total Btu consumed 
in the scenarios (for equivalent VMT) at the power plant 
or at the pump (shown in Tables C.13-Cl5), and that 
proportion is applied to the total in situ resource 
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Table C.28. Direct Petroleum Savings from Introduction of 
EHVs, Vehicle Operation Only (1012 Btu)a 

Year 

1990 

Fuel oil for electricity 
generation 

Gasoline for HVs 

ERV petroleum total 

CV petroleum total 

Savings 

Savings (106 bbl)b 

2000 

Fuel oil for electricity 
generation 

Gasoline for RVs 

EHV petroleum total 

CV petroleum total 

Savings 

Savings (106 bbl)b 

LOW I 

2.08 

2.08 

11 .44 

9.36 

1. 61 

24.90 

24.90 

182.49 

157.79 

27 .17 

LOW II 

3.53 

2.01 

5.54 

18.87 

13 . 33 

2 . 30 

52.30 

44.89 

98 .19 

353.40 

255.21 

44.00 

Scenario 

MEDIUM 

4.53 

4 . 53 

24. 72 

20.19 

3.48 

85.27 

85.27 

577.77 

492.50 

84.91 

HIGH I 

12.45 

12 .45 

63 . 31 

50.86 

8. 77 

311 .89 

311 . 89 

1837.76 

1525.87 

263.07 

HIGH II 

12.43 

2.62 

15.05 

63 . 78 

48.73 

8.40 

301. 90 

194.68 

496. 58 

1820-. 12 

1323.54 

228. 19 

aGasoline and diesel fue l for CVs and HVs at pump; fue l oil for EVs and RVs 
at power plant. Same VMT for EHVs and CVs in each year of each scenario. 

bcrude oil equivalent of 138,000 Btu/gal applied. 

commitments generated in Table C. 26 for al 1 vehicles i n 
a scenario to determine the total in situ resource com
mitments for operat i on of these 100,000 vehicles. 
Similar l y, that same proportion is applied to the total 
recovered resource commitments genera ted in Table C. 27 
for all vehic l es in a scenario to determine the total 
recovered resource comm i tments for operation of the 
100,000 vehicles. 

5. Steps 1-4 provide production energy for the same number 
of EHVs and CVs and operation energy for equi valent VMT 
by EHVs and CVs for a year. In order to account 
for the fact that CVs actually woul d trave l more miles 
annually and thus in their l i fetime, a ratio of total ERV 
VMT to total CV VMT is applied to the production energy 
of the CVs to determine a revised lower production energy 
requirement for CVs. In other words, fewer CVs than EHVs 
would be required to operate equival ent total annual VMT . 
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Table C.29. Energy Requirements for Production of Vehiclesa 

Year 

1990 

Number of vehicles 
producedb 

EHV energy requirements 
(1012 Btu) 

CV energy requirements 
( 1012 Btu) 

EHV energy x 100 (%) 
CV energy 

2000 

LOW I 

55,000 

6.76 

5.01 

135 

Scenario 

LOW II MEDIUM HIGH I 

85,000 126,400 312,500 

11.05 21.31 57.54 

8.01 15.00 37. 72 

138 142 153 

HIGH II 

303,400 

52.51 

35.28 

149 

Number of vehicles 751,500 1,384,000 2,353,900 7,265,000 7 ,498 ,300 
producedb 

EHV energy requirements 94.68 176.96 331.99 1,050.40 1,010.62 
(101 2 Btu) 

CV energy requirements 72.83 134.82 229.19 650.38 692.74 
(1012 Btu) 

EHV energy x 100 (%) 130 131 145 162 146 
CV energy 

aincludes energy required to produce the energy used in the product ion process, 
the direct energy consumed by equipment and material handling, and some 
indirect energy. 

bNumber applies to both EHVs and CVs. 

6. The production and operating energies for 100,000 vehi
cles determined in steps 1, 2, 4, and 5 on an annual 
bas is are then divided by the VMT determined in step 3 to 
get a total Btu/mile comparison between EHVs and CVs. 
That comparison is made on both an in situ and recovered 
resource basis. 

The results of this analysis (see Sec. 3.3) are representative of a 
typical vehicle (truck, bus, and auto combined) produced in 1985 and operating 
in 1990 and produced in 1995 and operating in 2000. The var iation shown, 
especially within the EHV requirements, is caused by different vehicle com
pos1t1ons in the scenarios with different battery types that require dif
ferent production and operating energies. Although it is not apparent in the 
tables, the energy required for operation is far more significant for both 
EHVs and CVs than the energy required for production. 
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Table C.30. Industrial Energy Consumption 
Fue l Shares, 1990 and 2000a 

Primary Ener gy (%) 

Fuel 1990 2000 

Oi 1 26.8 24.7 

Natur a l gas 24.2 18.7 

Coal 36 .4 42.7 

Nuclear 9.2 9.5 

Other 3. 4 4.4 

Total 100.0 100 . 0 

aAdaptations made to the source tab l es 
include assuming that 1995 f ue l shares 
apply to 2000 and converting end-use 
to primary consumpt i on. 

Source : Ref. C. 14. 



Table C.31. Energy Requirements for Product i on of Vehicles by Fuel Type, 
Recovered Resource Requirements (1012 Btu)a 

Scenario 

LOW I LOW II MEDIUM HIGH I HIGH II 

ERV CV EHV CV EHV CV EHV CV EHV CV 

1990 

Oil 1. 81 1. 35 2.96 2 .15 5.71 4.02 15 .42 10 .11 14.07 9.46 

Natural gas 1.64 1. 21 2.67 1.94 5 .15 3.63 13.91 9 .12 12.70 8.53 

Coal 2.46 1.82 4.02 2.91 7.75 5.46 20.93 13. 72 19.10 12.83 

Nuclear 0.62 0.46 1. 02 o. 74 1..97 1.38 5.31 3.48 4.84 3.25 

Other 0.23 0.17 0.38 0.27 o. 73 0.51 1.97 1.29 1.80 1. 21 

Total 6.76 5.01 11.05 8.01 21. 31 15.00 57.54 37. 72 52.51 35.28 
N 
O'\ 

2000 
0 

Oil 23.39 17.99 43.71 33.30 82.00 56. 36 259.45 160.64 249.62 171.11 

Natural gas 17.74 13.65 33 .16 25.26 62.22 42.76 196.84 121.88 189.39 129.82 

Coal 40.38 31.06 75.47 57.50 141.59 97.32 448.00 277. 39 431.03 295.45 

Nuclear 8.99 6.92 16.81 12.81 31.54 21.68 99.79 61.79 96.01 65.81 

Other 4 .18 3.21 7.81 5. 95 14.64 10.07 46.32 28.68 44.57 30. 55 

Total 94.68 72 .83 176.96 134. 82 331. 99 228 .19 1050.40 650.62 1010.62 692. 74 

arncludes external subsidies. Same number of CVs produced as EHVs. 
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Table C.32. Energy Requirements for Production of Vehicles, 
Total In Situ Resource Requirements (1012 Btu)a 

Scenar i o 

Year LOW I LOW II MEDIUM HIGH I HIGH II 

1990 

EHV 12.04 19.69 37.97 102. 51 93 . 55 

CV 8.93 14. 27 26. 72 67.20 62.85 

2000 

EHV 164.63 307. 70 5 77. 26 1826.44 1757.27 

CV 126.64 234 .43 396. 78 1130. 88 1204.54 

aincludes external subsidies. Same number of CVs produced as EHVs. 
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APPENDIX D 

ECOSYSTEM AND PHYSICAL ENVIRONMENT ANALYSES 

D.l ECOSYSTEM ANALYSIS 

D.1.1 Ecological Effects of Waterborne Pollutants 

This section deals primarily with the ecosystem effects of waterborne 
pollutants generated during the mining and manufacturing phases of vehicle 
production, the mining and refining phases of fuels production, and the 
electricity generation phase of vehicle operation. 

Direct discharges of metals occur during milling and smelting opera
tions. Equally important, however, is the transport of metals from the 
land surface to water as a result of the leaching of overburden, lean 
(noncommercial) ore strippings, and waste rock (tailings). 

Mining and mill ing frequently involve three other types of potential 
pollution: (1) erosion and sedimentation, (2) nitrate residues from blasting 
agents, and (3) chemical additives (usual ly organic) in the milling system 
that are used for various functions, such as flotation, precipitation, emulsi
fication, and flocculation. Chemical additives are not discussed, because 
they vary enormously, depending on function, composition, and reclaim pro
cesses. Also discussed are the potential for damage to ecosystems from 
thermal poll ution and power plant cooling water discharges . 

D.1.1.1 Vehicle Production Impacts 

Metals 

All of the EHV scenarios require greater quantities of metals for 
vehicle production than would be required in the BASE scenario. Therefore, 
mining and manufacturing result in the discharge of greater quantities of 
metals than would occur without EHV production. Metals from mining and 
manufacturing generally enter the envi r onment through mining, milling, and 
smelting. It is difficul t to define s p ecifically the ecological impacts of 
these processes, since impa ct assessment must consider a complex interaction 
of local conditions. Furthermore, metals used for the manufacture of vehicles 
could come from any number of sources, each with its own unique ore body 
mineralogy, milling circuit, and environmental and climatological conditions. 
In other words, local faccors tend to d i ctate the magnitude of water quality 
impacts and, therefore, the spe cific aquatic ecosystem impacts. 

Mobilization, The mining processes are associated with three major 
types of metallic ore bodies: sulfides, oxides, and native metals. Metals 
frequently associated with sulfides include: iron, molybdenum, lead, arsenic, 
antimony, mercury, copper, zinc, and nickel. Metals associated with oxides 
include: iron, manganese, chromium, tungsten, copper, and titanium. Deposits 
of gold, silver, and copper can be found as native metals, Aluminum silicates 
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are a special group. These metals and metal cations enter the ecosystems and 
have a strong bearing on potential water pollution and treatment. 

Mining and milling of metallic ore bodies results in the following 
types of materials: (1) waste rock and/or other overburden, (2) lean 
ore, (3) commercial ore, and (4) tailings (waste rock from which most of the 
metals . have been removed). Lean ore may be a more important source of 
pollution than tailings, because tailings no longer contain appreciable 
quantities of metals. 

Since all products, by-products, and waste products of mining and 
milling are stockpiled, rainfall percolates through the piles and leaches 
available metals. For example, in northern Minnesota, water percolating 
through a lean ore dump containing O .2% copper and O .05% nickel contained 
levels of copper and nickel that were more than a thousand times higher 
than background levels.D.l A recent study of copper-nickel mining impacts 
in northern Minnesota indicates that best available technology is necessary in 
order to comply with established standards.D.2 The runoff from such strip
pings must be treated until it no longer contributes elevated levels of 
pollutants to aquatic ecosystems. 

Metals also are mobilized from the walls and floor of open pit mines 
that are no longer active. This mobilization commonly occurs during the 
gradual filling and overflow of the mine pit in areas of the country where 
precipitation exceeds evaporation. Such interaction of pit lakes and their 
associated metals with other watershed ecosystems is an unsolved problem both 
in terms of technical feasibility and economics. 

The chemical interaction of the metals and the pit water is not well 
understood. Does the pit-lake water stratify, thereby depleting the oxygen 
supply and slowing down the solution of the metals; or does it mix and provide 
a constant supply of oxygen? What role do organics play in the solution 
equilibria? Will grouting of the pit surface retard the rate of metal solu
tion? There does not seem to be any proven technology at present that guar
antees permanent compliance with water quality standards. 

Transport. Once metals are in the environment, there are at least two 
modes of transport. One is through increased solubility of metals with 
decreasing pH (increased acidity), and the other is through attachment to 
solid particles in the water. This second mode is related to the fact that 
many metals are hydrophobic. In other words, they fix themselves to solid 
particles in the water rather than remain in the dissolved ionic state. Since 
metals are more mobile when they are fixed to solid particles, an increase in 
the amount of suspended or dissolved solids (see "Erosion and Sedimentation") 
causes a corresponding increase in the concentration of metals. Although 
removal of these solids through filtration, finite storage, or other methods 
also removes some of the metals, many solids are too small (less than 0.45µ in 
diameter) to be filtered. They and the metals affixed to them remain sus
pended indefinitely. 

Both of these metal transport modes often occur simultaneously and 
produce significant metals concentrations and important ecosystem changes. 
For example, in northern Minnesota, dissolved organics that can pass a 
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0.45µ filter can absorb ionic metals, such as nickel, from the water.D.3 
This allows additional nickel sulfides from the host rock to ionize. The 
combined nickel concentrations (ionic and absorbed) increase beyond those 
predicted by a pH/solubility curve. This results in nickel concentrations a 
thousand times greater than the background level produced at neutral or basic 
pHs. 

To illustrate further why site-specific ecological analysis is neces
sary, it has been suggested that the process described in the above paragraph 
could be used to filter nickel out of the environment. For example, passing 
nickel-laden waters through a peat bog would absorb most of the nickel into 
the peat, which has a high nickel-holding capacity. Concentrations by weight 
of 1-2% nickel in peat have been observed. These concentrations would clas
sify the peat bog itself as a high-grade ore body. The full impact of the 
process has not yet been evaluated, but the process does illustrate that 
natural assimilation of metals does occur and depends on localized soil 
characteristics. Therefore, the magnitude of the impacts may vary. 

Fate. Metals in aquatic ecosystems undergo differential uptake by 
biota. Bioaccumulation (the ability of an organism to concentrate an element 
above abiotic levels), bioconcentration within an organism, and biomagnifica
tion (the tendency of metals to be concentrated with trophic level transfer) 
are three major concerns. 

Bioaccumulation and biomagnification of metals depend on a number of 
factors. To date, no single encompassing theory adequately describes the 
observed cycling of metals through biota. This is probably due to the dif
ferent behavior of metals in different aquatic systems. Uptake and trans
fer through trophic interactions are modified by the physiochemical form 
(ionic or particulate) of the trace element and by the nature of organisms, 
including their habitat, substrate-sediment associations, and food habitats. 
As stated previously, all of these considerations are site specific. 

Erosion and Sedimentation 

Erosion and sedimentation are this nation's most serious water quality 
problem. The impacts are varied and affect aqueous ecosystems, water treat
ment systems, human use, flood control costs, and property damage. Because 
more materials are used in EHVs, more mining is expected, and erosion and 
sedimentation will increase over the BASE scenario. The magnitude and signif
icance of the increases, however , can be determined only on a site-specific 
basis. 

All streams transport suspended solids derived from natural erosional 
processes. Indeed, natural waters may be heavily laden with silts and clays 
because of land use practices or because the watershed contains highly 
erodible soils. Each stream system maintains a balance between the amount of 
suspended material and many hydraulic and erosional characteristics unique to 
each system. Pollution occurs when additional amounts of sediment are intro
duced, which disturbs the previous balance. When this occurs, the stream 
adjusts to a new balance that changes the previous ecosystem and hydraulics. 
Such adjustments and changes likely will occur to a greater degree with market 
penetration of EHVs. 
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Increased sediments due to the incremental mining and manufacturing 
activity associated with the production of EHVs can cause the following 
effects: 

1. Increased water treatment costs. 

2. Degraded water intended for consumptive use. 

3. Damaged water distribution systems. 

4. Decreased water storage capability 1.n reservoirs. 

5. Filling of lakes and ponds, which reduces their depth and 
makes them susceptible to winterkill and excessive vege
tation. 

6. Flooding and channel changes downstream. 

7 . Increased levels of plant nutrients, insecticides, herb
icides, heavy metals, and bacteria and viruses because 
of the sediments' capability to act as a medium for 
transport. 

8. Raised water temperatures accompanied by reduced amounts 
of oxygen available to fish. 

9. Smothered bottom-dwelling organisms, which are the 
foundation of the food chain. This can reduce or change 
fish populations. 

10. Irritated fish gills causing fish disease. 

11. Reduced sunlight penetration. 

12. Disturbed nutrient cycles. 

13. Shifts in aquatic vegetation from bottom-anchored plants 
to algae. 

The du rat ion of the sediment discharge is equally important. During 
peak natural flows (i . e., short-term, periodic, storm runoff), large amounts 
of suspended solids occur but are readily accommodated by the existing eco
system. Thus, a short-term (several-days) increase in sediment discharge may 
not cause significant damages. However, a long-term increase 1.n sediment load 
can not be accommodated without ecosystem adjustments. 

There are several possible sources of sediment 1.n a mining area: 

1. Uncontrolled runoff. 

2. Poorly designed or maintained roads . 

3. Pit dewatering. 

4. Dredging. 

5. Fugitive dust from crushers and haul roads. 

Technologies have been developed to reduce and control these sources, thereby 
reducing the ecological impact of suspended solids. Nevertheless, market 
penetration of EHVs can be expected to have some impact, although its magni
tude and significance can be predicted only on a site- specific basis. 
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Uncontrolled runoff is by far the greatest potential contributor of 
sediments. Prior to starting production in open pit mines, overburden 
material must be removed and stockpiled. This material (usually topsoil, 
glacial till, or weathered rock) is easily eroded. In addition, the newly 
created steep, uncompact-ed, unvegetated slopes of the pit wall and the strip
ping stockpiles are not in equilibrium with the environment and disrupt the 
the watershed. 

Figure D.l shows existing technology for control of this type of 
erosion. In general, it is more desirable to prevent erosion from occurring, 
rather than catch the soil after it has been displaced. Therefore, one 
should employ the techniques in Fig. D.l in the order listed, until the runoff 
water meets applicable water quality standards. 

Roads within the mine area are another main source of erosion. 
Most of these roads exist for the duration of the mining and have low per
meability. Therefore., most direct precipitation does not infiltrate and runs 
along the surface, eroding vulnerable soils. Roads with long and steep 
grades, unstable cut-and-fill areas, and portions adjacent to streams and 
stream crossings are major problems. Proper siting, slope stabilization, 
well-designed foundations, proper drainage, armoring, and maintenance should 
assure a stable, nonpolluting road. 

Pit dewatering is anothe.r possible source of sediment pollution. If a 
metal deposit extends well below the water table, the water table must be 
lowered in order to gain access to the deposit. Pollution can be av oided 
by: (1) surrounding the pit area with wells that pump clean (filtered) 
groundwater or (2) pumping out water from a sump (low point) in the pit, wher-e 
water from the remainder of the working pit gathers. If sufficient settling 
time is provided, discharge water can easily meet standards. 

Dredging is another possible source of sediment. Digging up the bottom 
of a stream, river, or lake clearly has the potential for disrupting -delicate 
ecosystems. The amount of fine sediments that might become suspend·ed in a 
stream or river from a dredging operation is highly dependent on the amount of 
fines in the deposit, the body of water, and hydraulic characteristics, such 
as stream gradient and discharge velocity. 

The other source of stream sediment is fugitive dust from crushers and 
haul roads. Such dust may be deposited by wind into nearby streams or pushed 
into drainageways and carried to nearby waters . Dust control is the most 
viable solution. 

Nitrate Residues 

Nitrate, a residue from ammonium nitrate and fuel oil explosives, 
is another type of pollutant. Nitrate levels in mine waters have been ob
served as high as 23 .0 mg/L (nitrate as nitrogen) compared to a background 
level of 0.03 mg/L. Increases in mining activity anticipated with the manu
facture of EHVs will mean increased nitrate levels. 

Nitrogen cycles in aquatic systems are complex (see Fig. D.2). In
creases in nitrate concentrations would cause a "bul ge" in the cycle, thus 
disrupting the equilibrium maintained in the ecosystem. Such an impact would 
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Fig. D.2. Nitrogen Cycle 

be greatest in the oxygen-free hypolimnion of lakes, where nitrate is reduced 
to ammonia. Increased concentrations of nitrate also have secondary impacts 
on the concentrations of cations (including metals) in the water and lake bed 
sediments. 

As with the other impacts discussed in Sec. D.l, site-specific evalua
tion is necessary. The sensitivity of an aquatic ecosystem to increased 
nitrates depends on seasonal variations in the climate, the concentrations of 
other nutrients, the degree of stratification, the status of eutrophication, 
sediment composition, watershed land use, and many other factors. Therefore, 
the impacts in specific local areas as a result of EHV market penetration 
can not be identified . 

D.1.1.2 Fuels Production Impacts 

The preceding discussion of ecosystem impacts from mining and refining 
of materials for vehicle production also applies to the mining and refining of 
fuels for EHV electricity generation and CV operation. The ecosystem impacts 
of fuels production for EHVs vary in type from those for CVs, since EHVs 
and CVs generate dissimilar quantities of certain pollutants. For example, 
in the fuels production and transport phase, EHV scenarios generate more 
sulfates, while CVs generate more BOD and COD . The specific locations of the 
ecosystem impacts also vary, depending on whether the fuels are for EHVs 
or CVs. 

Of special ecosystem concern with respect to EHV fuels extraction is 
the impact on water quality and drainage in mining areas with semiarid cli
mates, where limited availability of water has already posed problems. In 
particular, the extensive present and projected coal stripping operations in 
Montana and Wyoming and the open pit uranium mining in the Southwest will 
generate considerable waste rock. Although high mine performance standards 
should characterize these operations, it is possible that mining will contrib
ute to erosion, stream aggradation, and mineral contamination of fresh water 



270 

resources, particularly under conditions of high demand for fuels. Negative 
impacts on water pathways will likely result from vastly expanded western 
strip-mine operations, irrespective of ERV penetration. However, incremental 
impacts will occur as a result of ERV commercialization. Again, site-specific 
studies will be required to resolve these issues . 

D.1.1.3 Potential Regional Impacts of Vehicle and Fuels Production 

As with all ecosystem impacts, specific impacts in a region resulting 
from the commercialization of EHVs can be determined only on a site-specific 
basis. However, based on existing metal sources, regional topography, and 
average annual runoff rates, a qualitative discussion of water impacts on a 
metal-by-metal basis is possible. The following discussion is not comprehen
sive but does highlight potential impacts. 

Metals 

Lead. Although 15 states produce small amounts of lead, the principal 
domestic source of lead is Iron County, Missouri, which has 5-10 in. of runoff 
per year . Iron County is located on a watershed divide in the Ozarks. Three 
problems may be exacerbated by ERV manufacture: 

1. Water supply. 

2. Accelerating erosion from rapid runoff. 

3. Acid mine drainage from underground workings. 

Lead also is found in the Coeur d'Alene district in Idaho, in the San 
Juan Mountains and central region of Colorado, and near Salt Lake City, Utah. 
Each of these areas is mountainous with little upstream watershed. Runoff is 
fast, allowing little reaction time. However, self-contained mill water 
circuits have eliminated direct discharge into receiving streams. 

Nickel. Located in the Klamath Mountains of the southwestern part of 
the state, Reddle, Oregon, is the only present domestic miner of nickel. The 
ecological impact from mining derives from the area's extreme climate and 
topography. Since the runoff rate is high, rock weathering is rapid. Specif
ically, exposure of lean ores at the surface greatly accelerates metal 
loadings in receiving streams . 

The Duluth gabbro formation in northern Minnesota contains large 
amounts of nickel. In 1979 the results of a regional environmental study 
costing $5 million were released .D • 2 In considering development al terna
tives, the study concludes that the formation's proximity to the Boundary 
Waters Canoe Area, a federal wilderness area, would require the use of best 
available technology for water treatment. In general, the study raises more 
questions than it answers about the interaction of sulfides with the environ
ment, For example, the problem of post-mining water quality maintenance is 
not solved , nor are the metal pathways clearly understood. The role of 
organics in metal transport was first discovered during this project. 
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Cobalt . Cobalt also is found in the Duluth gab bro in northern Min
nesota. Other cobalt resources are in Idaho, Missouri, Maine, Alaska, and 
Pennsylvania. No cobalt is currently produced in the United States, and any 
new development will be subject to new source standards and will presumably 
meet environmental standards. 

Ocean mining of cobalt has not been studied thoroughly. The impacts 
and pollution paths are probably mostly related to disturbing the bed. Such 
disruption could resuspend materials already settled out by delicate chemical 
processes. 

Lithium. Lithium is mined in the Blue Ridge Mountains of North Caro
lina. High rainfall and steep topography make erosion very hard to control. 
Settling ponds generally are required to trap dislodged sediment. Leaching is 
rapid in this climate. The role of lithium in aqueous environments has not 
been studied to date. 

Copper. Most domestic copper is mined in the arid, mountainous 
regions of the Southwest. Water supply is likely to be the limiting factor in 
the mining of copper. For example, lack of precipitation presents major 
problems for reclamation in this area. Vegetation may not reestablish itself 
to control erosion. Despite its infrequency, rainfall is the major eroding 
force in this area. Because evaporation exceeds precipitation, discharge of 
milling water is unnecessary, and seepage is minimized to retain precious 
water. 

Copper resources in Minnesota, Wisconsin, and Michigan are subject 
to a different climate. Rainfall is more than adequate, and seepage and/or 
discharge are necessary. These areas have extensive peat bogs, which are a 
source of organic materials for metal transport or filtration. Here again, 
specific incremental effects from ERV production would need to be addressed on 
a site-by-site basis. 

Minnesota's regional environmental study mentioned in the section 
on nickel also addresses copper.D.2 The study concludes that best available 
technology is necessary in order to comply with established water quality 
standards. Wisconsin's Department of Natural Resources has determined 
that the mining of a massive copper deposit located on the flood plain of the 
Flambeau River could be accomplished within acceptable limits of degrada
tion.D.5 

Boron. Boron is mined in Death Valley and in the Sierra Nevada Moun
tains of California. Boron has a relationship to chloride concentration and 
is frequently found in the beds and waters of saline lakes as well as in 
coastal waters. The presence of such soluble boron minerals in a solid state 
indicates very little contact with water. The deposits frequently occur in 
basins with no flowage outlet. Under normal conditions, seepage waters should 
not change character due to mining. 

Zinc. Seventy percent of our domestic zinc 
see, Missouri, New York, Colorado, and New Jersey. 
been made in Wisconsin. Zinc has been shown to be 
life in concentrations of 0.65 ppm. 

supply comes from Tennes
A major new discovery has 
markedly toxic to aquatic 
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Aluminium. Bauxite is mined in the foothills of the Ouachita Moun-
tains in Arkansas. Aluminium concentrations in water are minimal at a pH of 
7 and increase above or below this pH. There appears to be a process for 
precipitating aluminium in aqueous environments. The chemical impact of 
aluminum on biota is not well understood. Aluminium ores, such as bauxite and 
laterite, and the soils associated with them are earthy minerals and depend on 
their cohesion for erosion control. Once the ores are disturbed, they erode 
easily . Sediment basins are frequently necessary. 

Iron. Sixty percent of domestic iron production comes from Minnesota. 
Other states mining iron include Michigan, Wisconsin, New York, and Califor
nia. Iron plays a very important role in the aquatic systems of rivers and 
lakes. It serves as a vehicle for other metals and organics, and can regulate 
the release and fixation of phosphate and sulfur. Iron is found in relatively 
high concentrations in most waters. 

In Minnesota, seepage from tailings basins contains high levels of 
dissolved iron because of the anaerobic conditions of the groundwater. When 
the seep emerges and the water is exposed to oxygen, iron precipitates out. 
This is usually a localized phenomenon, but several streams have been degraded 
in local reaches. 

Most iron is mined by open pit mining methods, which produce large 
stripping piles. In the glaciated area of the Great Lakes iron district, 
strippings are mainly erodible soil. Therefore, rain and snowmelt can 
cause severe erosion in a short time. Design technology exists to control 
this erosion, and new reclamation regulations appear to address the problem. 

Fuels for Electric Power Generation 

Uranium. Most domestic uranium for light water reactors is produced in 
the arid Southwest. Much of the extraction takes place below local water 
tables, resulting in large quantities of outflow that have to be channeled 
to reservoirs or recycled in the mining/milling operation. For uranium ex
traction, availability of water is not a limiting factor. However, in 
the event of a large increase in fuel demand, water supply for ancillary work 
force populations could become a major problem if water quality were to be 
further diminished by sedimentation and nitrification from tailings solutions 
and spoils runoff. 

Coal. Northern Appalachia continues to dominate the domestic produc
tion of coal. However, the sulfur content of Appalachian coal has become a 
central issue as buyers search for steam coal capable of meeting environmental 
standards. It is anticipated that production and transport of low-sulfur 
western coal to eastern markets will be on the increase through most of the 
remainder of the century. Western coal production may overtake that of 
Appalachia, although production of eastern coal is likely to double. This 
will mean that the problem of total dissolved solids generation could become a 
significant localized ecosystem problem in mining regions by the year 2000. 
Coal washing (beneficiation) at the minehead, with its attendant large-scale 
displacement of waste solids and mine seepage, characteristically produces 
large quantities of waterborne iron, alumina, and sulfates in the East and 
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suspended and dissolved solids in the West. 
alumina, and sulfates is likely to diminish 
mine performance standards. However, these 
the problem of suspended and dissolved solids 

The problem of waterborne iron, 
with enforcement of promulgated 
standard do not directly attack 
generation. 

Oil. Total dissolved solids al so loom as a problem in oil refining 
operations. However, they are likely to continue to be sufficiently dis
persed and controlled to preclude major localized problems in an ecosystem's 
water pathways . 

D.1 . 1.4 Thermal Pollution and Cooling Water Discharges 

Water also provides a primary medium for thermal pollution and power 
plant cooling water discharges, both of which may cause damage to ecosystems. 

The basic operation of a steam electric power plant is qui te simple. 
Water enters a boiler where heat from fossil or nuclear fuel converts it to 
steam at high temperature and pressure. The s t eam operates a turbine con
nected to an electric generator. After passing through the turbine, the steam 
enters a condenser, where it is coo l ed by water flowing around the condenser 
tubes, converted back to water, and returned to the boiler. The warmed 
cooling water flows out of the condenser and is usually returned t o its 
source, i.e., an artificial reservoir or a natural body of water. In some 
cases, it is pumped into a cooling tower, where waste heat is d i ssipated to 
the atmosphere via evaporation, before being returned to its source. 

The amount of water required for once-through cooling depends primarily 
on the rate of waste heat discharge and the temperature rise permitted in the 
cooling water as it passes through the condenser . For example, a 200 mega
watts electric (MWe) fossil fuel unit having a fuel-to-electricity conversion 
efficiency of 42% and a cooling water temperature rise of l8°F would require 
a daily flow of 15 .0 x 107 gal for full-power operation. A nuclear unit of 
equivalent generating capacity, but having a conversion efficiency of only 
33%, would discharge 47% more waste heat than the fossil fuel unit and require 
47% more cooling water per day . Operating at ful l capacity and equipped with 
cooling towers, heat dissipation for the fossil fuel plant would require 
evaporation of 2. 71 x 106 gal of water per day . Comparable water consump
tion for the nuclear plant would be 3.98 x 106 gal per day. 

Thus, the amount and rate of waste heat discharge are proportional to 
the amount, rate, and efficiency of electricity generation. For the coal
fired unit described above, the waste heat discharge would amoun t to 4712 
Btu/kWh compared to 6928 Btu/kWh for the nuclear unit. For power plants using 
once-through cooling, water discharge d from the condenser may be as much as 
27°F higher than that of the water e n tering the condenser. Thus, the tempera
ture of heated cooling water discharge to an artificial or natural body of 
water may exceed the maximum temperature tolerance of benthic algae, benthic 
invertebrates, and organisms in the wate r column . 

Many important 
circulation of power 
pronounced for plants 

impacts on the aquatic environment are related to the 
plant cooling water; most of these impacts are more 

using once-through cooling than for plants equipped with 



274 

closed-cycle cooling systems, All cooling water intake structures are 
equipped with fixed or moving screens designed to prevent large, solid objects 
from entering the pumps. Impingement is the process whereby larger fish and 
shellfish are killed or in jured as a result of being trapped on these 
screens. Organisms small enough to pass through the screens are drawn into 
the cooling system and exposed to sudden temperature and pressure changes as 
well as purely mechanical damage. This process, called entrainment, is 
detrimental to plankton, young fish, and small, free-swimming shellf i sh. 
Death results in most instances . 

In addition to heat, various toxic or potentially harmful substances 
may be added to cooling water discharges. Copper, for example, is normally 
eroded from condenser tubes, and chlorine (or other biocide s) is routinely 
added to cooling water to reduce bacterial growth in the condenser tubes 
and/or to control other types of fouling organisms in other parts of the 
cooling system. (Biocides also are required to control foul ing in the opera
tion of cool ing towers.) Ammonia from the hydrazine used to scavenge dis
so l ved oxygen in boiler water also may be discharged in cooling water. The 
substances discharged with cooling wate r, includ ing the so-called "blowdown" 
from cooling towers and boilers, enter aquat i c ecosystems where, 1n suf
ficiently high concentrations, they may be harmful to sensitive organisms. In 
nuclear plants, large quantities of tritium and small amounts of othe r radio
nuc l ides are routinely released to the cooling water discharge stream. 

In addition to the above, water vapor from cooling towers may cause a 
local increase in the frequency and/or severity of fog and winter icing 
conditions. Drift (water droplets from cooling towers) may contain sa l ts or 
biocides that could damage the vegeta tion on which they are deposited. 

The impacts from the EHV scenarios with respect to thermal pollution 
and cooling water discharges will be localized and depend on the i nt ake and 
discharge characteristics o f the plant, the water itself, and the as 
sociated aquatic ecosystems of the receiving water body . National or regional 
impacts, therefore, can not be accurately or meaningfully assessed. However, 
water effluent standards promul gated by the U.S . Environmental Protection 
Agency and regulations of state agencies responsible for is suing power 
plant construction and operation permits should mi tigate many of the poten
tially negative impacts. 

Even though thermal pollut ion from power plants should increase under 
the EHV scenar i os, CVs also emi t waste heat through the exhaust. This waste 
heat contributes t o the formation in urban areas of heat islands that affect 
local weathe r conditions . With EHV penetration, the contr i bution of CV 
operation to such heat island format ion will be decreased, though perhaps only 
sl i ghtly. 

D.1 . 2 Ecological Effects of Airborne Pollutants 

In Sec. D.2, r egional and national analyses are provided that compare 
the major air po l lutant emissions r e sulting from the production and operation 
of EHVs and CVs. For each pollutant, the significance for t e rrestrial or 
aquatic ecosystems varies wide ly and depends on both the regional l oad of 
em1ss1ons and the sensitivities of individual plant and animal ecosystem 
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components. Impacts can be beneficial, detrimental or, in circumstances where 
pollutant concentrations are well below toxic thresholds, of no demonstrable 
effect. 

Adverse effects can result when pollutants stress ecosystem elements. 
Such impacts can occur directly or more indirectly through alteration of the 
physical habitat or food chain. Acute impacts, direct or indirect, are 
evidenced by relatively rapid, identifiable changes in morbidity and mortality 
patterns. The effects of chronic injury, on the other hand, can be more 
subtle. For example, lessened productivity can occur, either through retar
dation of growth or outright inhibition of reproduction. The weakening of an 
organism by any stress can result in increased susceptibility to infection or 
predation. The following sections summarize the major known ecological 
effects of airborne pollutants and their respective modes of impact. 

D.1.2.1 Carbon Monoxide 

Carbon monoxide is a by-product of the incomplete combustion of fossil 
fuels and is not known to have adverse effects on vegetation, visibility, or 
materials. For animals, however, CO is toxic. It binds with hemoglobin, the 
substance in the blood that normally carries oxygen to body tissues, much more 
readily than oxygen, resulting in oxygen deprivation. Heart and brain tissues 
are the most sensitive to oxygen depletion. At high concentrations, for 
example, CO can be fatal by paralyzing brain activity. At lower concentra
tions, CO temporarily impairs time-interval discrimination and oth er psycho
motor functions. 

Carbon monoxide J.s a pollutant of highly localized impact. For the 
most part, concentrations at toxic levels are found only in the immediate 
vicinity of large stationary combustion sources, near heavily traveled or 
congested roadways, or where a combustion source is improperly vented. The 
potential for significant effects on regional or national ecosystems from 
CO as a result of EHV commercialization is virtually nil. Nevertheless, the 
EHV scenarios will reduce local CO emissions, particularly in congested urban 
areas. This should contribute to a reduction in regional and national CO 
loadings. 

D.1.2.2 Suspended Particulates 

Particulate emissions are removed from the atmosphere by one of three 
processes: (1) sedimentation under the influence of gravity; (2) impaction 
on obstacles to air flow; and (3) deposition in rain, snow, and other forms of 
precipitation. Sedimentation is the major mode for larger, heavier particles. 
Removal of very fine particles occurs primarily through impaction. The tiny 
hairs on the surfaces of plants are among the most effective sinks for fine 
particulates. 

In extreme cases, sedimentation can be so great as to plug the stomata 
of plants, hence inhibiting or preventing photosynthesis. Deposition of trace 
elements may have adverse effects for aquatic and terrestrial biota. Among 
the elements toxic to plants are boron, cadmium, cobalt, copper, chromium, 
fluorine, and nickel; for animals, the toxic elements are beryllium, cadmium, 
fluorine, mercury, nickel, zinc, and selenium. Polycylic aromatic HC, a 
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fraction of the fine particulates, are metabolically active, and some com
pounds are known to be carcinogenic. 

In the atmosphere, particulates can contribute to a reduction in 
photosynthesis if quantities are sufficient to reduce available light. Fine 
part iculate emissions may provide added nuclei for the formation of rain 
droplets, thus altering precipitation patterns. 

Particulate emiss i ons associated with EHV manufacture and fuels produc
tion for electricity generation are higher than for CV manufacture and fuels 
production. However, particulate emissions from EHV operation are sub
stantially lower than those from CV operation. When particulate emissions 
from all phases of vehicle manufacture, fuels production, and vehicle opera
tion are combined, EHVs generate slightly fewer particulates than CVs. 

D.1.2.3 Photochemical Oxidants 

Photochemical oxidants have been estimated to be "the most damaging air 
pollutants affecting agriculture and forestry in the USA."D.6 Formation of 
these pollutants results from a complex series of photochemical reactions 
that depend on the amount of precursor pollutants (HC and NOx), insolation, 
and time of day. Under conducive meteorological conditions, especially during 
the passage of large high-pressure systems , oxidant formation and transport 
can occur over extremely long distances. Thus, oxidant pollution is both a 
regional and a national problem. 

The susceptibility of conifer species to chronic oxidant exposure has 
been well demonstrated. Mortality as high as 8% has been reported for some 
California forests. Oxidant injury to ponderosa pines has been shown to 
predispose the trees to infestation by the pine bark beetle.D.6 

Annua l damage to agricultural crops also is great. Particularly 
ceptible crops include soybeans and other dry beans, tobacco, grapes, 
potatoes. 

sus
and 

Elevated oxidant concentrations cause eye and lung irritation for 
humans. Impacts to other ecosystems are not well understood, although it has 
been speculated that severe injury to vegetation may alter the availability of 
food and ground cover for wildlife. Because of their strong oxidizing poten
tial, it is assumed that oxidants act a t the surface of soil and water bodies, 
thus posing no direct threat to soil or aquatic ecosystems. 

Present control programs for oxidants focus on reducing the HC precur
sor pollutants (as opposed to NOx). Since the EHV scenarios result in lower 
HC emissions, they may contribute to oxidant control. 

D. 1.2.4 Ni trogen Oxides 

Worldwide, more than 90% of NOx 1s the product of natural processes.D.l 
Nevertheless, local levels of NOx can be high in comparison to amb ient back
ground concentrations. 
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Artificially high NOx levels are required to demonstrate morbidity or 
mortality in animals. Although vegetation is more sensitive, concentrations 
of NOx sufficiently high to affect sensitive species are confined to localized 
areas that use or manufacture nitric acid. Even in major cities, NOx concen
trations usually are well below threshold levels where effects on plant 
metabolism first occur. 

Nitrogen oxides are significant, however, as precursors to the more 
toxic oxidant pollutants and figure importantly in the problem of acid precip
itation, which is discussed in Sec. D.1.2.5. With respect to total NOx 
emissions, the EHV scenarios generate significantly less of this pollu
tant. 

D.1.2.5 Sulfur Oxides 

Although sulfur is a necessary nutrient for all organisms, it is toxic 
in inappropriate concentrations. Although atmospheric SOX are toxic for 
animals, the dosage required to produce an adverse effect is higher than 
is generally required for acute injury to vegetation. Thus, adverse impacts 
for animals are most likely to occur indirectly through alteration of the 
vegetative habitat . 

Where soils are deficient in sulfur, sulfur oxide deposition can 
improve plant growth. These situations are rare. Where sulfur accumu
lates to excess, acceleration of nutrient leaching from the soil occurs 
and an accompanying loss of vegetation can r esult. 

Oxides of sulfur also are d irectly injurious t o plants. They act by 
damaging the foliage, thereby reducing photosynthesis. Injury is greatest 
during warm, sunny periods with high humidity, and certain species are more 
susceptible at certain stages of development. In extreme cases (e . g., in the 
vicinity of uncontrolled ore smelting), outright denudation of the landscape 
occurs. 

(e .g.' 
fruits 

This pollutant contributes substantially to annual 
approximately $6.2 million in 1971) .D.6 Conifers and 
are highly susceptible, as are soybeans, cotton, and 

crop losses 
a variety of 
other crops. 

Atmospheric sulfur is removed by two processes: (1) it can be depos
ited in a dry state on exposed surfaces or (2) it can be dissolved in precip
itation. Dissolved sulfur forms strong acids, leading to the term "acid 
precipitation." 

Of all the ecological effects of air pollutants, acid precipitation is 
among the most extensive geographically and is potentially the most e co
logically damaging. Approximately 60% of current acid precipitation is 
attributed to sulfur pollutants.D,6 Oxides of nitrogen also contr ibut e 
substantially to the problem, as do hydrochloric and o the r dissolved organic 
acids . 

Over 
nearly 75% 

95% of SOx emissions occurs through industrial 
from generation of electric power.D,8 The 

processe s, with 
pollutants are 
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emitted to the atmosphere, generally from high stacks, and can be trans-
ported over long distances. Although internal combustion vehicles emit small 
amounts of sulfur oxides, these ground-level em1ss1ons do not cont ribute 
effectively to the acid precipitation problem. 

Acid precipitation affects the terrestrial environment by leaching 
essential plant nutrients from the soil. Impacts on aquatic environments 
also are severe. Eutrophication of lakes can be accelerated by the added 
nutrient deposit ion of oxides of sulfur and nitrogen. In addition , above
normal amounts of acids in water cause extraction of toxic metals, such as 
cadmium and lead, from bottom sediments. These metals can be toxic to 
aquatic species and can be concentrated through the food chain, possibly 
posing a risk for humans. 

Typically, water bodies affected by acid rain show a decline 1n 
species diversity, a growing preponderance of fungi in relation to bacteria 1n 
bottom sediments and, in more severe instances, either gradual or sudden loss 
of fish populations. Gradual decl i nes are generally due to the intolerance of 
fish roe and young fry to low pH. Massive kills of both the young and adults 
of susceptible fish species have been reported following the spring melt of 
acid-bear ing snows. It has been estimated that 50,000 lakes in the Adiron
dacks and Canada have become acidified to the point where fish populations 
have declined or been destroyed . 

Reg i ons especially susceptible to acidification are those underlain by 
granitic bedrock, which has a generally poor buffering capacity in fresh water 
bodies. These sensitive regions include the nor theastern United States, the 
coastal area from New York to Texas, the Ozarks, parts of the eastern Rocky 
Mountains, and much of the northwestern coast. 

In all the ERV scenarios and in all phases of vehicle and fuels produc
t i on and vehicle operation, significantly more SOx is generated than in the 
BASE scenario. 

D.1.3 Ecological Effects of Solid Waste 

During the production and operation of EHVs, many types of solid wastes 
are generated. The ecological impacts of these wastes are difficult to 
evaluate on a national or regional scale, because they are site specific 
(i.e., they depend on local conditions, such as soils, geology, climate, 
hydrology, and topography). Many of the ecosystem impacts associated with 
mining and manufacturing of EHVs and the production of fuels as discussed in 
Sec. D.1. 1 are similar for solid wastes. Besides these impacts and the 
immediate impact of the land area consumed by the landfilling of solid wastes, 
other areas of concern are evident : 

1. Format ion of leachates, which may contaminate surface 
and subsurface water. 

2 . Erosion and sedimentation. 

3. Production of decomposition gases. 

4. Production of fuel residues. 

5. Formation of sludges. 
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Leachates are produced by decomposition of solid wastes in the presence 
of water . Their composition will vary considerably but, in almost all cases, 
they are toxic and can contaminate groundwater supplies. Leachates can be 
controlled by proper design and engineering of the landfill. Installing an 
impervious lining before the solid waste is placed will contain the leachates. 
Placing an impermeable cover over the solid wastes will stop infiltration of 
water and prevent leachates from being produced. Also, through proper grading 
and drainage, surface runoff can be intercepted and diverted away from land
fill areas. 

Erosion and sedimentation impacts are varied, with their magnitude and 
significance depending on the amount of land disturbed by landfilling opera
tions . Erosion and sedimentation can be control led by several techniques: 
(1) immediately stabilizing and protecting disturbed areas, (2) maintaining 
low runoff velocities, (3) minimizing the extent of disturbed areas, (4) 
protecting disturbed areas from runoff, and (5) retaining sediment within 
the site area. 

As the organic constituents in landfills decompose, various gases are 
produced. Methane, carbon dioxide, and gases with obnoxious odors present the 
greatest problems. Methane is the most hazardous , because it forms an explo
sive mixture with air. Carbon dioxide increases the hardness and acidity of 
water. Acidity, in turn, increases the leaching of soluble canst ituents in 
the solid wastes and surrounding earth materials. The use of impermeable 
covers to force gases laterally to vents provides a satisfactory solution to 
this problem. 

Generating electricity for charging EHV batteries produces solid wastes 
at power plants. These wastes generally are of two types: ( 1) residues from 
fuels and (2) sludges from pollution control equipment. Fuel residues are 
primarily ash, which consists predominantly of silicones, with trace amounts 
of manganese, zinc, iron, copper, and aluminum. In the bottom ash that falls 
from the boilers, the trace metals are fused within a glassy substance, 
thereby minimizing their mobilization. In contrast, the trace metals found in 
powdery fly ash are more available for mobilization by water. Ash is usually 
disposed of in a wet or dry state at an on-site landfill. 

Sludge from scrubbers 1.s a limestone slurry containing sulfides and 
sulfates. The sludge is most often disposed of in a landfill at the power 
plant site. The ecological impacts of solid wastes generated by coal combus
tion are impossible to evaluate on a national or regional scale. The impacts 
are site specific and depend totally on site conditions and operating proce
dures. Nevertheless, the potential ecological impacts would be similar 
to those of landfills and to those discussed in Sec. D.1.1. 

Regulations for the safe disposal of hazardous wastes are provided for 
in RCRA.D.4 Assuming that the regulations are properly enforced and that 
appropriate methods for disposal of other wastes, as discussed above, are 
utilized, the potential adverse impacts from solid wastes resulting from EHV 
market penetration can be minimized. 
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D.2 AIR QUALITY 

The air pollutants considered in the air quality analysis are SOx, NOx, 
RC, CO, particulates, and COz. Other air pollutants emitted, either in the 
production or the operation of vehicles, are discussed in Sec. E.2. The 
analysis is for 1990 and 2000; no 1985 analysis is presented because the 
number of EHVs does not result in significant air quality changes . 

D.2.1 Method Overview 

Three separate air quality assessments are performed. The first 
assessment is of vehicle production impacts. The impacts are evaluated 
nationally but are not distributed to regions or UAs, because the locations of 
materials mining and manufacturing can not be estimated. Material distribu
tions for ERVs and CVs produced domestically by scenario and year; the emis
sion rates for specific materials and processes; and the emission totals, by 
scenario and year, for the production of 100,000 EHVs and 100,000 CVs are 
presented in Sec. B.3. In this analysis, total emissions for all EHVs 
produced by scenario and year for a corresponding number of CVs are calculated 
and analyzed. 

The second assessment is of vehicle operation impacts. Both the 
direct emissions from CVs and RVs operating in the heat engine mode and 
the indirect emissions from the power plants supplying electrical energy for 
battery recharging are considered. Air pollution resulting from vehicle 
operation in each scenario is determined, not only on a national scale but on 
a regional and on a UA basis. The totals for CVs are based on an equivalent 
number of CVs driven the same distance as the ERVs. At the local level, 
CO hotspots are examined. 

The third analysis is related to vehicle operation. Emissions from the 
production of fuels required for EHV operation i n the ERV scenarios and for a 
corresponding number of CVs driven the same distance as ERVs are calculated 
and analyzed on a national basis only. 

D.2.2 Vehicle Production 

Tables D. l-D . 10 present the national air pollutants from the mining 
and manufacturing processes necessary to produce the EHVs in the EHV scenarios 
and to produce a corresponding number of CVs for 1990 and 2000. The major 
assumptions made in developing the emissions are: 

1. Where no emissions are shown in the tables, the emissions 
are projected as either insignificant or eliminated by 
best available control technology (BACT). For example, 
SOX and NOx, which are not only air pollutants but 
which interact with precipitation to form acid ra i n, 
are assumed to be eliminated through use of BACT for 
certain material processes. This assumption is made 
in the emissions characterization of materials mining and 
manufacturing in Sec. B.3. 



Pollutant 

EHV 
co 
SOx 
NOx 
RC 
Particulates 
HMa 

CV 
co 
SOx 
NOx 
HC 
Particulates 
HM 

EHV-others 
CaS 
PbS 
CaF2 ppt.b 
Gas fluorides 
coc 
Cl2 ( product) 
H2 (product) 
CuS 

CV-others 
Gas fluorides 
coc 

aHeavy metals. 

bPrecipi tate. 

Table D.l . Vehicle Production Air Pollutant Emissions, LOW I EHVs 
and the Same Number of CVs, 1990 ( 103 lb) 

Domestic 
Sales 
(103) Lead Nickel Iron Steel Plastic Aluminum H2S04 KOH Copper 

55.04 

317 

328 15 67 317 
119 6 l 6 

43 313 
l 6 

l 

0.3 
80 
10 

783 
24 64 

0.2 
53 

6 
521 

16 64 

3 

3 

0.5 
76 

5 
0.1 
6 9 

1455 
42 

24 
0 . 8 

63 

153 

Battery 
ZnOx Assembly LiS/LiCl KCl 

0.4 
13 0.01 

4 
0.1 

4 0.2 
44 

ccaptured and used as process fuel. 

Total 

1.2 
486.01 
19.0 

783.2 
858.2 
176.8 

0.2 
53 

6 
521 
436 

7 N 
CX) 

]-< 

63 

4 

1455 
42 

153 

4 



Table D.2. Vehicle Production Air Pollutant Emissions, LOW I EHVs 
and the Same Number of CVs, 2000 (103 lb) 

-------- - --- - - ------···-·--- - -·· ·---·~-----·- - - · ·- ------ --- · -···- ·- ·-· -·---

Pollutant 

Domestic 
Sales 

(103) Lead Nickel Iron Steel Plastic Aluminum H2SO4 

EHV 
co 
SOX 
NOx 
HC 
Particulates 
HMa 

CV 
co 
SOx 
NOx 
HC 
Particulates 
HM 

EHV-others 
CaS 
PbS 
CaF2 ppt.b 
Gas fluorides 
coc 
Cl2 (product) 
H2 (product) 
CuS 

CV- others 
Gas fluorides 
coc 

aHeavy metals. 

bPrecipitate . 

751.47 

4,361 

4,512 
I ,640 

ccaptured and used as process fuel . 

469 
188 

4 6 
1134 1044 

145 64 
11, 172 I 

744 4,775 340 815 77 
16 95 

3 
726 

93 
7,143 

696 4,629 218 894 
15 93 

19 35 

19 38 

·---·- - -

Battery 
KOH Copper ZnOx Assembly LiS/LiCl KCl 

5 
434 0.2 

56 
l 

289 258 114 4 
9 3 606 

1,624 
670 

44,482 
1,268 

Total 

15 
6,973 

265 
11 , I 74 
12,397 
2,557 

3 
726 

93 
7,143 
6,437 

108 
N 
00 
N 

1624 
670 

54 

44,482 
1,268 

57 



Po l lutant 

EHV 
co 
SOX 

CV 

NOx 
HC 
Particulates 
HMa 

co 
SOX 
NOx 
HG 
Particulat es 
HM 

EHV-ot hers 
CaS 
PbS 
CaFz ppt.b 
Gas fluor i des 
coc 
Cl 2 ( product ) 
Hz (product) 
CuS 

CV-others 
Gas fluor i de s 
coc 

a Heavy metals·. 

bPrecipitat e . 

Table D.3. 

Domestic 
Sales 
(103) Lead Nickel 

85 . 04 

516 

534 15 
194 6 

ccaptured and used as process fuel . 

Vehicle Production Air Pollutant Emissions, LOW II EHVs 
and the Same Number of CVs, 1990 003 lb) 

Iron Steel Plastic Aluminum H2S04 KOH Copper 

0.5 
126 

16 
1242 

130 526 38 
3 11 

0 . 4 
85 
11 

832 
69 503 25 

l 10 

2 

2 

0.7 
122 

8 
0. 1 

113 9 

103 

2 

15 

2247 
64 

38 
l 

98 

237 

Batt e ry 
ZnOx Assembly 

0.6 
13 0.02 

7 
0 .1 

3 0 . 4 
0.1 71 

LiS/L i Cl KCl Total 

l. 8 
777 . 02 
31.0 

1242.2 
1421 .4 

286. 1 

0.4 
85 
11 

832 
700 

11 
N 
00 
l,..) 

98 

7 

2247 
64 

237 

4 



Table D .4. 

Domestic 
Sales 

Po ll utant (!OJ) Lead Nicke l 

EHV 1,384.0J 
co 
SOX 8 , 149 
NOx 
HC 
Particul ates 8,433 468 
HMa 3,065 189 

CV 
co 
SOX 
NOx 
HC 
Particulates 
HM 

EHV-others 
CaS 
PbS 
CaF2 ppc . b 
Gas fluorides 
coc 
C 1 2 ( product) 
Hz ( product) 
CuS 

CV- others 
Gas fluorides 
coc 

--
aHeavy metals. 

bPrecipitate. 

ccaptured and us ed a s process f uel . 

Vehicle Production Air Pollutant Emissions, LOW II EHVs 
and the Same Number of CVs , 2000 (103 lb) 

Batt e ry 
Iron Steel Pl asti.c Al uminum HzS04 KOH Copper ZnOx Assembly 

9 12 10 
2 ,074 1,924 434 0.3 

265 L 18 104 
20 ,421 2 2 

1,800 4,612 622 I , 80 l 141 289 448 114 6 
39 183 15 3 l , L 26 

6 
I , 381 

176 
13, 595 

l, 229 8,526 414 1 , 690 
26 17 2 

1 , 16 5 

36 76 

44,444 
1 , 269 

2,826 

34 40 

LiS/Li.Cl KCl Total 

Jl 
12,581.3 

487 
20,425 
18,734 
4 , 620 

6 
1,381 

176 
13,595 
11 ,859 

198 N 
00 
-I'-

1, 165 

112 

44,444 
1,269 
2,826 

74 



Tabl e D. 5. Vehicl e Produc tion Air Pollutant Emi ssions, MEDIUM EHVs 

Pollutant 

EHV 
co 
SOX 
NOx 
HC 
Particulates 
HMa 

CV 
co 
SOX 
NOx 
HC 
Particulates 
HM 

EHV- others 
CaS 
PbS 
CaFz ppt.b 
Gas fluorides 
coc 
Clz (product) 
Hz (product) 
CuS 

CV-others 
Gas fluorides 
coc 

aHeavy metals. 

bPrecipitate. 

Domestic 
Sales 
(lo3) Lead N icke 1 

126.4 

220 

227 231 
83 93 

ccaptured and used as process fue l. 

and the Same Number of CVs, 1990 003 l b) 

Battery 
Iron Steel Plastic Aluminum H2S04 KOH Copper ZnOx Assembly 

0.9 0 . 3 0.3 
208 39 216 0.01 

25 3 3 
2,052 0 . l 0.05 

179 1 , 001 63 190 4 142 62 57 0.3 
4 20 2 2 30 

0 . 6 
146 

19 
1,433 

150 961 44 180 
3 19 

4 8 

21,881 
624 

4 8 

LiS/LiCl KCl Total 

0 .003 l . 5 
683 . 01 

31 
2,052.15 

l 2,157.3 
234 

0.6 
146 

19 
1,433 
1 ,335 

22 N 
00 
V, 

12 

1, 122 23 , 003 
32 656 

12 



Table D. 6. 

Domestic 
Sales 

Vehicle Produc t ion Air Pollutant Emi ssions, MEDIUM EHVs 
and the Same Number of CVs , 2000 (103 lb) 

Battery 
Pollutant (103) Lead Nickel Iron Steel Plastic Aluminum H2S04 KOH Copper ZnOx Assembly LiS/LiCl KCl 

EHV 
co 
SOX 
NOx 
HC 
Particulates 
HMa 

CV 
co 
SOX 
NOx 
HC 
Particulates 
HM 

EHV-others 
CaS 
PbS 
CaFz ppt.b 
Gas fluorides 
coc 
Cl 2 (product) 
Hz (product) 
CuS 

CV-others 
Gas fluorides 
coc 

aHeavy metals. 

bPrec i pitate. 

2,353.88 

2,613 

2,700 5,016 
979 2 ,062 

ccaptured and used as process fuel. 

15 
3,426 

436 
33,729 

2,415 15,018 I , 02 7 
52 306 

10 
2,263 

289 
22,300 

2, 189 14 ,523 679 
47 292 

59 

59 

2, 726 

2, 789 

115 

118 

4 
615 

38 
1 

45 3,073 

472,518 
13,488 

774 
26 

2,010 

4,875 

3 0.1 
4,697 0 . 1 

33 
0 .6 

1 ,231 5 so 
32 362 

47,252 
1,349 

Total 

22.l 
11,351.1 

507 
33, 730 . 6 

34,080 
3,819 

10 
2 , 263 

289 
22,300 
20,180 

339 N 
00 

·°' 
2,010 

174 

519,770 
14,837 
4,875 

l 7 7 



Table D. 7. Vehicle Production Air Pollutant Emissions , HIGH I EHVs 

Pollutant 

EHV 
co 

CV 

SOX 
NOx 
HC 
Particulates 
HMa 

co 
SOX 
NOX 
HC 
Particulates 
HM 

EHV- others 
CaS 
PbS 
CaFz ppt.b 
Gas fluorides 
coc 
Cl2 (product) 
H2 (product) 
CuS 

CV-others 
Gas fl uorides 
coc 

aHeavy metals . 

bPrecipitate. 

Domestic 
Sales 
(103) Lead Nickel 

312 . 53 

517 

535 631 
195 253 

ccaptured and used as process fuel . 

and the Same Number of CVs, 

I ron Steel Plastic Alum inum 

2 
519 

66 
5, 106 

494 2,666 156 512 
11 53 

2 
34 7 

44 
3,411 

405 2,450 104 436 
9 49 

11 22 

10 18 

1990 (lo3 lb) 

Battery 
H2S04 KOH Copper ZnOx Assembly 

1 0.6 
118 593 0.02 

7 7 
0. 1 0. 1 
9 385 159 155 0.8 

6 4 71 

414 

59,282 
1,692 

1,003 

LiS/LiC l KCl Total 

0 .033 3.633 
1,747.02 

80 
5,106.2 

12 5,714.8 
593 

2 
34 7 
44 

3,411 
3,395 

58 N 
00 
~ 

414 

33 

10,943 70,225 
312 2,004 

1,003 

28 



Pollutant 

EHV 
co 
SOX 
NOx 

CV 

HC 
Particulates 
HMa 

co 
SOX 
NOx 
HC 
Particulates 
HM 

EHV-others 
CaS 
PbS 
CaFz ppt.b 
Gas fl uo rides 
coc 
Cl z (produc t) 
Hz (product) 
CuS 

CV- others 
Gas fluorides 
coc 

aueavy meta l s . 

bPrecipitate. 

Table D.8 . 

Domestic 
Sales 
ooJ) Lead N icke 1 
---

7, 265.17 

5,231 

5,405 13,041 
1,962 5,238 

Ccaptured and used as process fuel . 

Vehicle Production Air Pollutant Emissions, HIGH I EHVs 
and the Same Number of CVs, 2000 (103 lb) 

Battery 
Iron Steel Plastic Al uminum HzS04 KOH Coppe r ZnOx As sembly LiS/LiC l KC l 

9 ,249 44,049 
196 872 

5,841 40 ,976 
124 821 

174 

160 

43 
9,796 
1,251 

96,437 
2,938 , 684 

30 
6,708 

856 
65 , 998 

2,01 1 8 , 195 

407 

349 

7 
1,257 

77 
2 

93 8,019 

1,233 ,248 
35,200 

2,398 
80 

6,219 

15,082 

------·-·- - ------

7 
12, 249 0.2 

67 
1 

3,210 12 
85 727 

l . 6 

559 

6,397 
1,840 

Total 

58 .6 
28,533.2 
1,395 

96 ,440 
98,657 
9,160 

30 
6, 708 

856 
65 , 998 
57,023 

945 

6,219 

581 

1,239,645 
37,040 
15,082 

509 

N 
cc 
cc 



Pollutant 

EHV 
co 
SOX 
NOx 
HG 
Particulat es 
HMa 

CV 
co 
SOX 
NOx 
HC 
Part iculates 
HM 

EHV-others 
CaS 
PbS 
CaF2 ppt . b 
Gas fluorides 
coc 
Cl2 (product) 
H2 (product) 
CuS 

CV-others 
Gas fluorides 
coc 

aHeavy metals. 

bPrecipitate . 

Table D.9 . Vehicle Production Air Pollutant Emissions, HIGH II EHVs 
and the Same Number of CVs, 1990 (103 lb) 

Domestic 
Sales 
(103) Lead Nickel Iron Steel Pl astic Aluminum H2S04 KOH Copper 

303.41 

487 

504 668 444 2,470 
183 269 9 49 

374 2,283 
8 46 

10 

9 

2 
506 

65 
4,986 

152 453 

l 
329 
42 

3,237 
99 412 

19 

10 

l 
111 

7 
o. 1 
8 408 

62,721 
1,790 

149 
5 

386 

935 

Battery 
ZnOx Assembly LiS/LiCl KCl 

0.6 
628 0.02 

6 
0. l 

165 0.8 
4 67 

ccaptured and used as process fuel. 

Total 

3 . 6 
1,732 .02 

78 
4,986 . 2 
5,421.8 

586 

l 
329 
42 

3,237 
3,168 

54 
N 
co 
'° 

386 

29 

62,721 
1,790 

935 

·19 



Pollut ant 

EHV 
co 
SOX 
NOx 
HC 
Particulates 
HMa 

CV 
co 
so" 
NOx 
HC 
Particulates 
I\M 

EI\V- others 
CaS 
PbS 
CaFz ppt.b 
Gas fluorides 
coc 
Cl2 (product) 

(product) Hz 
CuS 

CV-others 
Gas fluorides 
coc 

aHeavy metals. 

bPrecipitate. 

Domestic 
Sales 

Table D.10. Vehicle Production Air Pollutant Emissions, HIGH II EHVs 
and the Same Number of CVs, 2000 ( 103 lb) 

Battery 
(103) Lead N ic ke l lron Steel Plastic Alumi num tt2S04 KOH Copper . ZnOx Assembly LiS/LiCl KCl Total 

7, 498.83 
46 

4,709 10, 779 
l , 3 7 8 

106,142 
4 ,86 7 lS,710 8,594 46,020 3,233 9,029 
1,762 6,239 180 922 

32 
7 , 187 

916 
70,752 

6,104 43,673 2, I S6 8,616 
127 877 

180 382 

174 210 

7 
l ,l34 

70 
2 

83 9 , 599 

1,476,249 
42,136 

14, 764 

2,339 3,869 
82 103 

6,082 

14,750 

6 59 
0 . 2 3 I , 386 

60 1,508 
1 106, 145 

15 103,358 
6S5 9 ,943 

32 
7 , 187 

916 
70,752 
60,549 

l ,004 

6,082 

562 
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2. Present materials recycling rates are assumed. If 
the rates were to increase, the total air pollutant 
load associated with vehicle production would de
crease. 

3. Emissions from vehicle product ion are calculated only 
for vehicles and replacement batteries made and sold 
in the United States. The emiss ions related to the 
mining and manufacturing processes required to make 
foreign vehicles imported to the United States are 
not included . 

4. As assumed in the scenarios, EHVs substitute for CVs 
on a one-for-one basis. 

5. The tables represent a comprehensive 
assessment of the emissions generated 
of vehicles . Emissions from materials 
and/ or shared equally by CVs and EHVs 

though incomplete 
in the production 
small in quantity 
are not included. 

Some general conclusions can be drawn concerning the production of 
EHVs versus CVs: 

1. The mining and manufacturing processes associated with 
the EHV scenar i os result in more total emissions and 
different types of pollutants than the BASE scenario . 
Both EHV and CV production result i n the generation of 
CO, SOx, NOx, HC, particulates, heavy metals, and gaseous 
fluorides. The generation of these pollutants by EHV 
production is always greater. EHV production also 
generates other pollutants, including lead, sulfides, 
chlorine, and hydrogen. 

2. For all materials mining and manufacturing processes, the 
most significant air pollutant s are particulates, HC, and 
SOx, which are listed in decreasing order of loadings. 

3. The production of plastics results in more emissions than 
occur during the product ion of any of the other mate
rials. 

The above results may represent a worst case for emissions f rom vehicle 
production. Higher materials recycling rates could reduce the total air 
pollutant load. In addition, stricter standards for industrial processes will 
be established within the next five years. Air pollutant emissions reported 
here are those that might escape state-of- the- art control technology. 

D.2.3 Vehicle Operation 

D.2 .3.1 Method and Assumptions 

The sources 
from those of CVs . 

of the air pollutants from the operation of EHVs differ 
EVs do not themselves emit any of the pol l utants under 
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consideration.* However, they are indirectly a source of pollutants because 
of the generation of electricity to charge the batteries. The quantities and 
types of power plant emissions are determined by the type of fuel used -
nuclear, coal, oil, or gas. For HVs, us ing the battery produces indirect air 
pollution similar to EVs; using the heat engine produces air pollution similar 

to CVs. 

EHV emissions from battery charging are calculated using the fuel 
requirements at power plants for the EHV scenarios (see App. F) and the 1975 
and 1979 new source performance standards (NSPS) for power plants.D.10,D.ll 
Although the utility impact analysis 1s more optimistic about nuclear power 
than might be warranted by current debate, it al lows in this air quality 
impact analysis a useful contrast between UAs with predominantly coal
generated electricity and UAs with predominantly nuclear-generated electri
city. CV and HV heat engine emissions are calculated from VMT using published 

emission rates per mile. 

The analysis compares the EHV and CV air pollutants and assumes that 
the VMT by EHVs exactly replace the VMT by CVs for each scenario. This allows 
direct comparisons to be made. The total emissions of the scenarios (i.e . , 
all vehicles of all types projected to be in operation in a specific assess
ment year) combined with total emissions from all other sources are estimated 
for several UAs to show the impact of EHVs on the air quality of specific 

UAs. 

Three of 10 federal regions are analyzed: (1) Federal Region II 
(New York-New Jersey), (2) Federal Region IV (South Atlantic), and (3) Federal 
Region VIII (North Central) . Federal Region II represents the highest 
penetration of EHVs of the 10 regions. Federal Region IV falls in the middle 
of the market penetration rates, and Federal Region VIII has the lowest market 

penetration rate. 

The particular UAs chosen for analysis facilitate comparisons among 
UAs of similar size having similar VMT and pre-EHV emissions and simi lar 
market penetration rates, but with different fuels for electricity generation. 
The different fuels result in different emission loadings . 

Figure D.3 depicts the UA selection process, and Table D. 11 summarizes 
the UA characteristics. A large UA is defined as a SMSA with a population of 
1.2-1.5 million persons, and a medium-sized UA is one with 300,000-450,000 
persons. The high market penetration rate for EVs is assumed to have a 
variation of 1.00 or greater and the low market penetration rate a variation 
of 0 . 88 or lower (see Sec. A. 5 for a discussion of regional variation in EHV 
market penetration).** The emissions in UAs using predominantly oil, nuclear, 

*Ozone is produced from arcing during DC motor operation. However, AC 
motors with an inverter package and brushless DC motors produce little or no 
arcing and, thus, little or no ozone. Since these latter types of motors 
are expected to dominate the EHV market by 1990, ozone emissions from EHV 
operation are only a short-range concern and are not quantified in this 

analysis. 

**Milwaukee ' s EV penetration rate is below 1.0. However, within the large UA 
category, Milwaukee has one of the highe st penetration rates of UAs in which 
nuclear-generated electricity is predominant . 
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Fig. D.3. Urbanized Area Selection Process 

or coal fuels are determined and compared in areas of high market penetra
tion. The air emissions in UAs using predominantly nuclear or coal fuels are 
compared where EHVs have low market penetration. (It was not necessary to 
study oil-based emissions in all cases. Nuclear and coal emissions provided 
the greatest contrast.) The predominant fuel projection for each of the UAs 
is based on Ref . D.12 . While the current questioning of the future of nuclear 
power may drastically change the projections for some UAs, the analysis is 
valid in its identification of the emission contrasts among fuel sources . One 
final criterion for the selection of UAs was to select, where possible, UAs in 
which an EV demonstrat ion project is scheduled (i.e., Orlando, Florida, a nd 
Chattanooga, Tennessee). 

Several assumptions are made in the calculation of the pollutant 
loadings resulting from the operation of the various types of vehicles: 

1 . Table D.12 reflects the power plant emissions levels used 
to determine air pollutants from electrically powered 
vehicles. It summarizes the 1975 NSPS mandated by EPA 
for fossil fuel power plants built after 1975. (Nuclear 
power plants do not generate SOx, NOx, HC, CO, or parti
culates.) Some p l ants built prior to 1975 may be used 
to generate electricity for EHVs, but it has been assumed 
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Table D.11. Selected UAs, EHV Markets, and Fuels for Off
Peak Electricity Generation, 1990 and 2000 

Market Size 
Major Fuels for EHV Electricity 

UA Penetration Category 1990 2000 

Albuquerque High Medium Coal Coal 

Buffalo High Large Oil Oil , coal 

Chattanooga Low Medium Coal Coal, nuclear 

Cincinnati High Large Coal Coal 

Dallas Low Large Coal Coal, nuclear 

Grand Rapids High Medium Coal, nuclear Nuclear 

Little Rock Low Medium Nuclear, coal Nuclear 

Milwaukee l-ligh Large Nuclear Nuclear 

Orlando Hi gh Medium Oil Oil, coal, 

San Diego Low Large Oil, nuclear Nuclear 

that plants used for off-peak charging will usually 
meet or surpass 1975 NSPS, if not 1979 NSPS (see 
Table D. 13) . The tables presenting EHV operation 
em i ssions for the nat i on, federal regions, and UAs 
in Sec. D.2 . 3 reflect the 1975 NSPS. 

2. New source performance standards applicable to plants 
built after June, 1979, were promulgated during the 
course of this study ( see Table D.13). These standards 
reduce the allowable emissions of particulates from 
coal-, oil-, and gas-fired power plants by 70% from the 
1975 NSPS. For coal-fired power plants, the 1979 NSPS 
allowable NOx emissions are reduced by nearly 30%. For 

Table D.12. 1975 New Source Performance 
Standards for Power Pl ants 

Emissions (lb/ 106 Btu) 

Fuel TSP SOX NOx HC co 

Coal 0.1 1. 2 0.7 0.011 0.038 

Oil 0. 1 0 . 8 0.3 0.007 0.033 

Gas 0 .1 0.0006 0.2 0.00095 0 . 016 

Source: Ref. D.10. 

nuclear 
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Tab l e D.13. 1979 New Source Performance 
Standards for Power Plantsa 

Emissions ( l b/106 Btu) 

Fuel TSP SOX NOx 

Coal 0.03 1.2b 0.5 

Oil 0.03 C C 

Gas 0.03 C C 

aNo new standards were promulgated for 
HC and co. 

bEmissions limited to 1.2 lb/106 Btu, 
and a 90% reduction in emissions is re
quired at all times except when emis
sions are less than 0.6 lb/106 Btu, 
in which case a 70% reduction in emis
sions is required at all t imes . 

CNo new standards were promulgated; 1975 
standards remain in effect. 

Source: Ref. D. 11. 

SOx (emitted as S02) from coal- fired power plants, the 
standards are more complicated. The SOX emissions are 
limited to 1.2 lb/106 Btu like the 1975 NSPS for SOx 
from coal-fired power plants, but in the 1979 NSPS, a 90% 
reduction in potential emissions is required at all 
times, except when emissions are less than 0 . 6 lb/106 
Btu. In the latter case, a 70% reduction in potential 
emissions is required. Essentially, the new standards 
will result in SOx emissions no greater than and more 
than 1 ikely less than 1 . 2 l b / 106 Btu. The effects of 
the 1979 NSPS are not presented in the tables in Sec. 
D.2.3 but are discussed in the text. 

3. In particular, it is difficult to predict with any 
accuracy the effect of the 1979 NSPS for SOX on SOx 
emissions resulting from the EHV scenarios because: (a) 
on a national basis, and to a lesser extent on a regional 
basis, variations in the sulfur content of coal make it 
hard to generalize what the actual SOx emissions will 
be ; (b) the sulfur content of coals used in power 
plants will be determined largely by the economic trade
offs between coal transportation costs and the costs and 
reliability of control technologies, not to mention 
politics; and (c) it is not known what proportion of the 
energy supplied by coal- fired power plants in the EHV 
scenarios in 1990 and 2000 will come from plants built 
after June, 1979. 
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4. However, in an effort to assess the effect of the 1979 
NSPS on SOX emissions, data reported in Ref. D.12 
on "coal delivered to utilities" between 1972 and 1977 
are analyzed. The data include, among other things, 
information on the state, utility company, power plant, 
coal source, type of coal, and minimum and maximum 
sulfur content. A random selection of states, utility 
companies, power plants, types of coal, and sulfur 
content is taken, from which it is determined that 
average sulfur content is 2%. Assuming that coal- fired 
power plants using bituminous coal emitted 11 1.45 S" 
lb/106 Btu of sulfur, where "S" represents the sulfur 
content based on Ref . D.10, and assuming 26.2 x 106 
Btu/short ton,D.13 the average national coal-fired 
power plant SOX emission factor (without any controls) 
is 2 . 9 lb/106 Btu. Since the 1979 NSPS require a 90% 
reduction through use of BACT, the national SOx emis
sion factor is 0.3 lb/106 Btu. 

A similar process is conducted for the federal regions. 
The sulfur content of coal being used by power plants 
in the states within each of the regions is sampled and 
an average sulfur content determined . In Federal Region 
II, the average is 1.6%; in Federal Region IV, 2.1%; and 
in Federal Region VIII , 0.6%. The resulting emission 
factors are 0.23 lb/106 Btu for Federal Region II, 0.30 
lb/ 106 Btu for Federal Region IV, and O .13 lb/106 Btu 
(assuming lignite) for Federal Region VIII. 

Similarly, average sulfur content and emission factors 
are determined for the 10 UAs. Since no data are avail
able for Arkansas, the sulfur contents of coals used in 
power plants close to the borders of Missouri and 
Arkansas and Tennessee and Arkansas are analyzed to de
termine sulfur content and are assumed to be represen
tative of Little Rock. Also, Texas uses predominantly 

Average Sulfur 
Content 

UA (%) 

Milwaukee 2.4 
Cincinnati 2.9 
Buffalo 2.0 
San Diego No coal 
Dallas 0.5 
Grand Rapids 2.8 
Albuquerque 0.7 
Orlando 2.3 
Little Rock 3 . 5 
Chattanooga 2.9 

aAssumes lignite. 

Emission Factor 
(lb/106 Btu) 

0.35 
0.42 
0.30 

0.11a 
0.41 
0 . 10 
0.33 
0.51 
0.42 
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ligni t e coal. Therefore, an emission factor of 2 .2395 
lb/106 Btu and 13.45 x 106 Btu/short ton are 
used.D,10,D.13 

4. Electrical energy required in the operation of EHVs 
takes into account the energy lost in distribution and 
transmission. 

5. Table D.14 reflects the proportion of VMT that RVs are 
assumed to travel on gasoline and electricity. 

6. It i.s assumed that there is one- for-one replacement of 
EHV VMT for CV VMT in each scenario . Using this assump
tion, two approaches to comparing EHV emissions from 
operation with those for CVs are used i.n this analysis. 
One approach is to compare emissions generated by EHVs in 
the EHV scenarios with emissions generated by CVs operat
ing equivalent VMT (BASE scenario). The other is to 
analyze the impact of total EHV and CV emissions (includ
ing emissions from all CVs of all types) relative to air 
emissions from all sources in selected UAs . 

7. Tables D.15 and D.16 give the emission factors used for 
1990 and 2000 for the various types of CVs and for HVs 
operating in the heat-engine mode. The emission rates 
for all but San Diego are derived from Ref. D.14. The 
emission factor tables in that reference are based on 
Ref. D.15. For San Diego, HC, CO, and NOx emission 
rates are obtained from MOBILEl and reflect stricter 
California emission standards, For SOx and particu
lates, for all locations including San Diego, the source 
document is Ref. D.10. High-altitude emission rates for 
Albuquerque are not available. Therefore, the emission 
rates shown in Tables D.15 and D.16 are assumed. It 
should be noted that emission rates for HG, CO, and 
NOx generally are lower for CVs in the year 2000 than 
in 1990. 

The particulate emission rates used for CVs and for HVs 
operating in the heat-engine mode include particulates 
from tire wear. Since such particulates also are gene
rated by EV operation and by HV operation on battery, 

Table D.14. Percentage of HV VMT on Battery and 
Heat Engine, 1990 and 2000 

Scenario 

Vehicle LOW II HIGH II 

Fuel Truck Car Truck Car 

Electricity 74.6 67.6 75.3 60.3 

Gasoline 25.4 32.4 24.7 39.7 



Table D.15. Emiss i on Factors for CVs, Excluding High Altitude 
and California Locations ( g/vehicle- mi) 

Light-Duty Light- Duty Light-Duty Heavy-Duty Heavy-Duty 
Year and Gasoline Gasoline Gasoline Gasoline Diesel Truck 
Pollutant 

1990 
HC 
co 
NOX 
s02e 
Particul atese 

2ooof 
HC 
co 
NOX 
so2e 
Particulatese 

aAutomobile. 

b(6000 lb. 

C6000- 8500 lb. 

d)8500 lb . 

eRef. D .10 . 

Vehiclea Truck 1b 

1.5 2 . 3 
14.2 25 . 2 
1. 9 2.0 
0.13 0 . 18 
0.54 0.54 

1.3 1.8 
12 . 8 19.0 
1.8 2 . 0 
0 .13 0.18 
0.54 0.54 

Truck 11c Truckd and Bus 

3.1 5.8 2.0 
32.2 103.0 16.8 
2.5 8.0 7.5 
0.18 0 . 36 2.8 
0.54 l. lrn 1.3 

2 . 2 4 . 8 1. 9 
22 . 8 90.3 16.7 

2 . 3 7.5 5.2 
0.18 0.36 2 . 8 
0.54 1. 1m 1.3 

fEmission factors are for 1999, since year 2000 factors are not available. 

gAssumes four tires on vehicle. 

Sources: Refs. D.10, D. 14, and D. 15. 

N 
I.D 
C() 



Table D.16. California Emission Factors for CVs (g/vehicle-mi) 

Light- Duty Light- Duty Light- Duty Heavy-Duty Heavy-Duty 
Year and Gasoline Gasoline Gasoline Gasoline Diese l Truck 
Pollutant Vehic l ea Truck rb Truck 11c Truckd and Bus 

1990 
Hee 1.48 1.92 2.58 4.86 1. 99 
coe 12.83 18.64 24 . 81 105.07 16.73 
Noxe 1.74 1.92 2.46 6.95 6.88 
so2f 0.13 0.18 0.18 0.36 2.8 
Particulatesf 0.54 0.54 0.54 1.11 1.3 

2000g 
Hee 1.38 1. 55 1.83 4.40 1.90 
coe 12 .10 14 .87 18 .43 91.2 16 . 71 
Noxe 1.74 1.90 2 . 34 7.16 5.06 
so2f 0 . 13 0.18 0.18 0.36 2.8 
Particulatesf 0.54 0.54 0.54 1.11 1. 3 

aAutomobile. 

b<6000 lb. 

C6000- 8500 lb. 

d>8500 lb. 

eRef. D.15. Emission factors obtained from run of MOBILEl program with Cali
fornia emission standards and the following assumptions: (1) 60° F ambient tem
perature, (2) 30-mph speed , (3) 100% warm start for heavy-duty gasoline and diesel 
trucks, (4) for light-duty vehicles, 27% catalyst-equipped hot start, 20% 
catalyst-equipped cold start, and 20% noncatalyst- equipped cold start , and (5) 
national average VMT per vehicle. These factors are estimated to be within 2% of 
the emission factors that could be computed using California average VMT per 
vehicle. 

fso2 and TSP factors are the same as the national factors. 

gEmission factors are for 1999, since year 2000 factors are not avai l able. 

Sources: Refs. D.10 and D.15 . 

N 
\0 
\0 
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a factor to account for this should have been applied in 
this assessment . It was not; therefore, it 1s recom
mended that the implications of not applying such a fac
tor be resolved in the reconnnended EIS. 

8. It 1s assumed that power plant emissions occur 1n the 
same general location as vehicular operation. This is 
not always true. However, for the analysis, emissions in 
specific UAs and regions due to vehicular operation are 
assumed to consist of power plant emissions plus direct 
vehicular emissions from CVs and heat-engine-powered HVs 
in each location. 

The above discussion applies particularly to the analysis of SOx, HC, 
NOx, CO, and particulates. The methodology and assumptions used for the 
analysis of CO2 are discussed in Sec. D.2 . 3.8. 

D.2.3.2 General Results 

From the analysis in Secs . 2.3.3-2.3.5, many trends can be identified 
that are similar on a national, regional, and UA basis. Variations are the 
result of: (1) different emission rates in different years; (2) variation in 
the EHV VMT across the scenarios; and (3) differences in the VMT by gasoline
versus diesel-fueled buses, by the two types of l ight-duty trucks, and by 
truck and auto HVs, which differ in their use of the battery. 

The general trends are: 

1. EHV scenarios result in lower emissions than the BASE 
scenario for all years, except for SOx, 

2. For HC, CO, and NOx, the scenarios including HVs result 
in more emissions than the EV-only scenarios, because a 
portion of the HV VMT is gasoline-fueled. 

3. In specific regions or UAs where a high percentage of 
e lee t ric ity for the EHV scenarios wi 11 be supplied by 
coal-fired power plants, the EHV emissions are a smaller 
percentage of the corresponding CV emissions in the 
MEDIUM and LOW II scenarios than in the other scenarios. 
Where little, if any, coal is used to supply electricity, 
the HIGH scenarios are more competitive with the MEDIUM 
and LOW II scenarios for relatively low emissions. 

4. The effect of the 1979 NSPS varies across the nation, 
regions, and UAs, as we 11 as among the scenari os. How
ever, there are some general trends. Assuming that al 1 
the power plants comply with the 1979 NSPS, in the three 
EV-only scenari os particulate emissions due to battery 
charging are reduced by 70% for the nation, regions, and 
UAs. In the two scenari os with HVs, the reduction is 
somewhat less and depends on the percentage of VMT by HVs 
on their heat engine. The effect of the 1979 NSPS on 
NOx varies, depending on the amount of energy supplied 
by coal, oil, and gas. Where coal-fired and/or nuclear 
plants supply all electrical energy (i.e., Cincinnati, 
Federal Region VIII), NOx emissions due to EHV opera
ti on are reduced by nearly 30% for the EV-only 
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scenari.os and somewhat less for the scenarios with HVs, 
depending on the proportion of gasoline-powered HV VMT. 
As the percentage of energy supplied by coal-fired power 
plants decreases, there is a reduct ion in the absolute 
effects of the 1979 NSPS. 

The effect of the 1979 NSPS on SOx emissions also varies 
by location, which is discussed in Secs. D.2.3.3-D.2.3.5. 
In general, however, SOx emissions from the EHV scenarios 
still exceed those from the BASE scenario. Exceptions 
include Little Rock in 2000, Milwaukee in 1990 and 2000, 
and Grand Rapids in 2000. 

5 . The CV emissions being replaced in the EHV scenarios are 
a small portion of the total CV emissions generated when 
all VMT are traveled by CVs. The CV emissions associated 
with VMT equivalent to the VMT of EHVs generally repre
sent less than 1% of total roadway emissions in 1990 for 
all pollutants and all scenarios . In 2000, the LOW I, 
LOW II, and MEDIUM scenario emissions represent 1-5% of 
total roadway emissions generally and, in the HIGH 
scenarios, emissions are 12-20% of total roadway emis
sions. 

D.2.3.3 National Results 

Tables D.17 and D. 18 present the national results. In addition to the 
general conclusions discussed above, several other conclusions national 1.n 
scope can be reached. If 1979 NSPS are assumed for all power plants, the 
SOX due to battery charging would be reduced from the total s shown in the 
tables by about . 60% over al 1 scenarios in both 1990 and 2000. Sul fur oxide 
emissions from the ERV scenarios would still exceed those from the BASE 
scenario, though by a lesser amount. For NOx, the 1979 NSPS would cause a 
reduction of about 20% in 1990 and 20-25% in 2000. 

D. 2.3.4 Regional Results 

Conclusions unique to Federal Regions II, IV, and VIII can be drawn 
from Tables D. 19-D.21 and can be summarized as follows: 

1. Assuming 1975 NSPS, the SOx and NOx emissions for the 
EHV scenarios exceed those from corresponding CVs by a 
greater percentage in Federal Region VIII than in Federal 
Regions II or IV. This is not surprising, because power 
plant energy is supplied solely by coal (which emits more 
SOx and NOx than oil- or gas-fired plants) in Federal 
Region VIII and predominantly by coal and oil in Federal 
Regions II and IV. 

2. The above trend is reversed for SOx if 1979 NSPS are 
assumed for all power plants . Again this is not surpris
ing because the sole source of energy (coal) in Federal 
Region VIII is affected by the new standard. In Federal 



Table D .17. National Vehicle and Powe r Plant Emissions to the Air Due to the Operation 
of EHVs and the Same VMT by CVs , by Scenario, 1990 (106 l b ) 

Emissions Due tQ EHV Batter y Charging HV Heat Engine Emissions 

Scenario Scenario 

Pollutant LOW I LOW II MEDIUM HIGH I HIGH II Pollutant LOW I LOW II MEDIUM HIGH I HIGH II 

SOX 8.9 15 .1 19. 3 51.0 51.0 SOx 0 0. l 0 0 0.1 
NOx 5.8 9.8 12.5 33 . 2 33 .0 NOx 0 1.4 0 0 1.9 
HC 0.09 0.07 0.15 0.5 0.5 HG 0 1.4 0 0 1.8 
Particulates 0.84 1.4 7 1.8 4.7 4 . 7 Particulates 0 0.4 0 0 0 . 5 
co 0 . 29 0 . 21 0.62 1.63 l. 63 co 0 14 .8 0 0 18 . 7 

Total EHV Emissions Emissions if VMT by CVs 

Scenario Scenario 

Pollutant LOW I LOW II MEDIUM HI GH I HIGH II Pol lutant LOW I LOW II MEDIUM HIGH I HIGH II 
w 

SOX 8.9 15 . 2 19.3 51.0 51.1 SOx o. 56 0.99 1. 75 4 . 86 4.86 0 
N 

NOx 5.8 11.2 12 . 5 33 . 2 34.9 NOx 9 . 13 13.46 19.97 49.10 48 .13 
HC 0.09 1. 5 0.15 0 . 5 2.3 RC 9.28 13.34 19 .1 45.38 44.9 
Particulates 0 . 84 1. 8 1.8 4.7 5.2 Particulates 2.18 3.30 4.55 11.51 11.40 
co 0 . 29 5.0 0.62 1. 63 20.3 co 102 .4 7 149.85 216 . 25 493 . 74 486.3 



Table D.18. National Vehicle and Power Plant Emissions to the Air Due to the Operation 
of EHVs and the Same VMT by CVs, by Scenario, 2000 (106 lb) 

Emissions Due to EHV Battery Charging HV Heat Engine Emissions 

Scenario Scenario 

Pollutant LOW I LOW 11 MEDIUM HIGH 1 HIGH 11 Pollutant LOW I LOW 11 MEDIUM HIGH I HIGH II 

SOx 117. 0 232 .01 363.01 1 , 222.03 1, 178.93 SOX 0 2.41 0 0 10.39 
NOX 65.2 128.7 200.8 671.4 648. l NOx 0 30 .04 0 0 132. 3 
HC 1.11 2 . 21 3.42 11 .44 11.04 HC 0 25 . 77 0 0 59.63 
Particulates 1.1 22 .2 34. 7 116.6 112 . 7 Particulates 0 8.07 0 0 35.86 
co 3.99 3.0 12.6 42.2 40 . 7 co 0 64 .97 0 0 1,140.45 

Total EHV Emissions Emissions if VMT by CVs 

Scenario Scenario 

Pollutant LOW I LOW II MEDIUM HIGH I HIGH II Po llutant LOW I LOW II MEDIUM HIGH 1 HIGH II 
v,J 

SOX 117 .0 234.42 363 . 01 1,222.03 1 , 189 . 32 SOX 8 . 84 20 . 56 30 .2 116.57 111. 76 0 
I.,,) 

NOx 65.2 158. 74 200 . 8 671.4 730 .4 NOx 85 .11 236. 76 420 .98 1,342 . 58 1 ,228 . 93 
HC 1.11 27. 98 3.42 11.44 70.67 HC 115. 25 201 . 53 351. 71 1,125.42 1,042.63 
Particulates 11. l 30. 27 34. 7 116 .6 148 . 56 Particulates 35.62 63 .09 111.9 361.15 329. 14 
co 3.99 272.97 12.6 12.2 1, 181.15 co 1,198.3 2,036.14 3,633.05 11,559.33 10,720 . 18 



Table D.19. Federal Region II Vehicle and Power Plant Emissions to the Air Due to the Operation 
of EHVs and the Same VMT by CVs, by Scenario, 1990 and 2000 (106 lb) 

Total EHV Emissions, 1990 Emissions if VMT by CVs, 1990 

Scenario Scenario 

Pollutant LOW I LOW II MEDIUM HIGH I HIGH II Pollutant LOW I LOW II MEDIUM HIGH I HIGH II 

SOX 1. 9 3.22 4.3 12 . 2 11 . 02 SOx 0.072 0 . 18 0.30 0.88 0.85 
NOX 1.09 2 .03 2.4 6.1 6.27 NOx 1. 56 2 .41 3.42 3 . 4 3.31 
HC 0 . 02 0.28 0.03 0.1 0.37 HC 1.61 2 . 55 3 . 31 7.86 7.9 
Particulates 0. 13 0.31 0 . 36 1.0 1.07 Particulat es 0 . 37 0.58 0. 77 1.95 1.94 
co 0.06 2.70 0.12 0.37 3.32 co 17.8 27.62 37.7 35.93 35.88 

Total EHV Emissions, 2000 Emissions if VMT by CVs, 2000 

Scenar i o Scenario 

Pollutant LOW I LOW II MEDIUM HIGH I HIGH II Pollutant LOW I LOW II MEDIUM HIGH I HIGH II 

SOX 27 . 2 51 . 61 83.2 271. 5 257.14 SOx 2 .16 3.75 7.01 20.01 18.39 
NOx 13 .8 30.64 41. l 131 .97 146 .0 NOx 23.41 43 .06 72 . 01 227.53 220.4 
HC 0 . 29 5.0 0.8 2.6 21.17 HC 20.l 37 . 39 60. 72 192.81 190.25 
Particulates 2.7 6.45 8 .4 27 .94 32.07 Particulates 6 . 1 11.26 18.97 60 . 65 58 . 30 
co 0.9 48.26 2.9 9.61 201. 9 co 209.29 338.0 628.96 1985.88 1964. l 

w 
0 
+:--



Table D.20. Federal Region IV Vehicle and Power Plant Emissions to the Air Due to the Operation 
of EHVs and the Same VMT by CVs, by Scenario , 1990 and 2000 (106 lb) 

Total EHV Emissions, 1990 Emissions if VMT by CVs, 1990 

Scenario Scenario 

Pollut ant LOW I LOW II MEDIUM HIGH I HIGH II Pol l utant LOW I LOW II MEDIUM HIGH I 

SOx 1.4 2.41 3.20 8.3 8.22 SOx 0.09 0 . 15 0.25 0 . 72 
NOx 0.8 1. 50 1.60 4.3 4 . 55 NOx 1. 31 2.03 2.85 1. 97 
HC 0.01 0 . 24 0.03 0.07 0. 32 HC 1. 32 2 . 1 2.71 6.42 
Particulates 0.14 0 . 24 0.3 0.8 0 . 87 Pa rt iculates 0.31 0.49 0.66 l. 64 
co 0.05 2.24 0 .11 0.3 2 . 83 co 14.61 22.75 30.77 69.78 

Total EHV Emissions, 2000 Emissions if VMT by CVs, 2000 

Scenar io Scenar i o 
Pol l utant LOW I LOW II MEDIUM HIGH I HIGH II Pollutant LOW I LOW II MEDIUM HIGH I 

SOx 20 . 5 40.42 63.7 216.3 205 . 51 SOx l. 74 3 . 08 5 , 66 16 .46 
NOx 10.83 25.24 33 . 9 117.8 123.35 NOx 19.15 35.8 49 . 55 190 . 51 
HC 0 .15 3 . 79 0.6 2 . 0 ll . 34 HC 16.25 30 . 75 49 . 66 159.33 
Particulates 2.02 4.89 6.06 19.9 22 . 17 Particulates 5.07 9.45 15.86 51.63 co 0 . 7 36.28 2 .11 7.22 103 . 12 co 168 . 32 318 .22 512 . 61 1635.93 

HIGH II 

0. 70 
6.92 
6.47 
1.64 

69.98 

HIGH II 
w 

15.28 0 
V, 

185 . 04 
157.71 
49 .46 

1623.19 



Table D.21. Federal Region VIII Vehicle and Power Plant Emissions to the Air Due to the Operation 
of EHVs and the Same VMT by CVs, by Scenario, 1990 and 2000 (106 lb) 

Total EHV Emissions, 1990 Emissions if VMT by CVs, 1990 

Scenario Scenario 

Pollutant LOW I LOW II MEDIUM HIGH I HIGH II Pollutant LOW I LOW II MEDIUM HIGH I HIGH II 

SOx 0.3 0.502 0.6 1.5 1 . 503 SOx 0.01 0 .02 0.03 0.09 0.09 
NOx 0.2 0.33 0 . 3 0 . 9 0 . 94 NOx 0 .1 7 0.28 0.37 0.92 0.92 
HC 0 0.03 0.01 0.01 0.05 HG 0 . 17 0.28 0 . 35 0.85 0.87 
Particul ates 0.02 0.047 0.05 0.1 0. 11 Particulates 0.04 0.07 0.09 0.22 0 . 22 
co 0.01 0.33 0 . 02 0 . 05 0.43 co 1.86 3.04 3.89 1.09 0.93 

Total EHV Emissions, 2000 Emissions if VMT by CVs, 2000 

Scenario Scenario 

Pollutant LOW I LOW II MEDIUM HIGH I HIGH II Pollutant LOW I LOW II MEDIUM HIGH I HIGH II 

SOX 4.0 8.15 12.5 40.7 39. 82 SOx o. 23 0 . 42 0.75 2.2 2.12 
NOx 2.4 5.35 7.3 23.8 25 .9 7 NOx 2 .47 5.01 8.05 25 . 99 25 . 93 
HC 0.04 0.65 0 .1 0 .4 2.8 HC 2.07 4.27 6.66 21.54 21. 9 
Par ticulates 0.3 0 . 87 1.0 3.4 4.08 Particulates 0.66 l. 33 2 .16 7 . 06 6 . 98 
co 0 .1 6.03 0.4 1. 3 25.85 co 21.48 44 .1 68.57 220.48 224.95 

w 
0 
a, 
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Regions II and IV, only a portion of the generating 
capacity is affected. In Federal Region II, the 1979 
NSPS reduce ERV-related SOx emissions by about 70% in 
1990 and 40-60% in 2000; in Federal Region IV, 50-55% in 
1990 and 55-60% in 2000; and in Federal Region VIII, 
nearly 90% in 1990 and 2000. 

D.2.3.5 Urbanized Area Results 

Milwaukee, Cincinnati, and Buffalo are compared as large UAs with high 
EHV market penetration but with different fuels used to generate off-peak 
electricity for EHV charging. The results are presented in Tables D.22-D.26, 
and the conclusions to be drawn are summarized below. 

1. In 1990 and 2000, nuclear power plants are projected to 
provide 92-98% of the off-peak electricity in Milwaukee. 
While this projection may change, the results are inter
esting. The SOx emissions for the EHV scenarios exceed 
those for the BASE scenario by significantly less than 
in UAs where power plants are fossil fueled. In fact, 
for scenarios LOW I, LOW II, and MEDIUM, 1990 EHV SOx 
emissions are about equal to those of the BASE scenario. 
For the HIGH scenarios, the SOX emissions associated 
with the EHV scenarios exceed those for the BASE scenario 
by about 50% and 25%, respectively. In 2000, except in 
HIGH II, the ERV SOx emissions are lower than those 
from the BASE scenario. For all other pollutants for 
2000, the emissions associated with the operation of EHVs 
are a smaller percentage of those emitted by the BASE 
scenario compared to other UAs where more coal is used. 

2. The effect of the 1979 NSPS is much less on absolute 
em1.ss1.ons in Milwaukee because of the predominance of 
nuclear power plants. The SOx emissions due to vehicle 
battery charging in 1990 and 2000 are reduced by approx
imately 35% by the standards. The absolute reduction in 
emissions, however, is small because of the predominance 
of nuclear fuel. 

3 . Coal-fired power plants are projected to provide 100% 
of the off-peak electricity in 1990 in Cincinnati 
and nearly 90% in 2000. As a result, SOx emissions 
from ERV scenarios exceed those of the BASE scenario in 
both 1990 and 2000 by a larger percentage than in other 
UAs using a smaller percentage of coal . In fact, the 
sole use of coal in 1990 causes ERV SOX emissions to be 
15-30 times greater than those for the BASE scenario. 
With 90% coal-generated electricity in 2000, SOx 
emissions are only 15-20 times larger on an equivalent 
VMT basis. 

4. The 1979 NSPS have a greater effect in Cincinnati 
than in Milwaukee and, to some extent, than in Buffalo 
because of the predominance of coal. In both 1990 and 
2000, SOX emissions 1.n the EV-only scenarios are 



Table D. 22. Milwaukee Veh i cle and Power Plant Emissions to the Air Due to the Operation 
of EHVs and the Same VMT by CVs, by Scenari o, 1990 and 2000 (106 lb) 

Total EHV Emissions, 1990 £missions if VMT by CVs , 1990 
- --

Scenar io Scenario 

Pollutant LOW I LOW II MEDIUM HIGH I HIGH 11 Pollutant LOW I LOW II MEDIUM HIGH I 

SOX 0 .01 0.01 0.01 I. 5 0 . 06 SOx 0 . 01 0.01 0.01 0.04 
NOX 0.01 0.02 0.01 0 .03 0.03 NOx 0.07 0. 12 0. 16 0.41 
HC 0 0 . 01 0 0 0.02 HC 0.08 0. 13 0. 16 0.39 
Particu l ates 0 0 0 0 0 Particu l ates 0.02 0 . 03 0 .04 0. 10 
co 0 0. 15 0. 17 co 0 . 83 1. 39 l. 77 4. 19 

Total EHV Emissions, 2000 Emissions if VMT by CVs, 2000 

Scenar io Scenario 

Po ll utant LOW I LOW II MEDIUM HIGH I HIGH II Pollutant LOW I LOW 11 MEDIUM HIGH I 

SOX 0. 03 0. 11 0. 1 0.9 1.00 SOX 0. I 1 o. 20 0.35 1.00 
NOX 0.02 0 . 35 0 . 08 0.5 1. 78 NOx 1. 16 2.29 3.48 11 _39 
HC 0 0 . 26 0 0.01 1. I 7 HC 0.98 l. 97 2. 96 9.57 
Particulates 0 0.09 0 . 01 0 . 07 0 .42 Particulates 0. 30 0 . 60 0 .92 3.05 
co 0 2 . 68 0 0.03 11. 27 co 10.25 20.50 30. 70 98 .38 

HIGH II 

0 .04 
0.42 
0 . 37 
0 .10 
4.28 

HIGH 11 w 
0 

0.96 00 

11 . 62 
9.97 
3 .09 

102 . 73 



Table D.23. Buffalo Vehicle and Power Plant Emissions to the Air Due to the Operation 
of EHVs and the Same VMT by CVs, by Scenario, 1990 and 2000 (106 lb) 

Total EHV Emissions , 1990 Emissions if VMT by CVs, 1990 

Sc enario Scenario 

Pollutant LOW I LOW II MEDIUM HIGH I HIGH II Pollutant LOW I LOW II MEDIUM HIGH I 

SOX 0.08 0 . l 0.2 0.5 0.5 
NOX 0.03 0.05 0.06 0 . 2 0.21 
HG 0 0.01 0 0 0.01 

SOx 0.01 0.01 0 . 01 0 . 04 
NOx 0.07 0.11 0 .16 0.39 
HC 0.07 0 .12 0 .1 5 0.33 

Particulates 0.01 0.01 0.02 0.06 0.06 Par ticulates 0.02 0.03 0.04 0 . 09 
co 0 0.12 0 . 0 1 0.02 0 . 1 7 co 0.80 1. 26 1.68 3.92 

Total EHV Emissions, 2000 Emissions if VMT by CVs, 2000 

Scenario Scenario 

Pollutant LOW I LOW 11 MEDIUM HIGH I HIGH II Pollutant LOW I LOW II MEDIUM HIGH I 

SOX l. 3 2 .82 4.7 14. 3 13. 59 SOx 0.10 0. 17 0.32 0.94 
NOX 0 .46 1.45 2.0 6 . 5 7.29 NOx 1.09 2.04 3.28 10.88 
HC 0.01 0. 25 0 . 04 0 . 13 1.04 HC 0.92 1. 75 2.83 9.08 
Particulates 0.21 0.42 0.5 l. 6 l. 79 Part iculates 0. 29 0.54 0.91 2.94 
co 0.05 2 . 33 0 .14 0.6 10.01 co 9 . 58 18.06 29 . 17 93 . 12 

HIGH II 

0.04 
0 . 39 
0.37 
0 . 09 
3.94 

HIGH II 
w 

0.87 0 
~ 

10.55 
8.97 
2.82 

92.29 



Table D.24. Cincinnati Vehicle and Power Plant Emissions to the Air Due to the Operation 
of EHVs and the Same VMT by CVs, by Scenario, 1990 and 2000 (106 lb) 

Total EHV Emissions, 1990 Emissions if VMT by CVs , 1990 

Scenario Scenario 

Pollutant LOW l LOW 11 MEDIUM HIGH 1 HIGH II Pollutant LOW I LOW II MEDIUM HIGH I 

SOX 0.2 0.3 0 . 3 0.9 0.9 SOx 0 .01 0 . 01 0.02 0.05 
NOX 0.09 0 . 22 0.2 0.5 o. 52 NOx 0. 10 0. 16 0 . 21 0 . 53 
HC 0 0.02 0 0 .01 0.03 HC 0 .10 0 . 16 0 . 20 0. 49 
Particulates 0.01 0.02 0 .03 0 . 07 0.08 Particulates 0 . 02 0.04 0.05 0. 12 
co 0 0. 18 0.01 0.03 0. 24 co l. 08 l. 73 2.28 5.27 

Total EHV Emissions , 2000 Emissions if VMT by CVs, 2000 

Scenario Scenario 

Poll utant LOW 1 LOW II MEDIUM HIGH I HIGH 11 Pollutant LOW I LOW 11 MEDIUM HIGH I 

SOX 2 . 0 4 . 03 6.4 21. 8 21 .12 SOx 0.13 0 . 24 0.43 1.26 
NOx 1. 2 2.75 3. 7 12 . 7 13. 74 NOx 1. 46 2.80 4. 54 14. 53 
HC 0 . 02 0.35 0.06 0.2 1. 50 HC l. 23 2 . 40 3 . 78 12.12 
Particulates 0.2 0 .39 0.5 1. 8 2.22 Particulates 0 .38 0 . 74 l. 21 3 . 92 
co 0 . 06 3.25 0.2 0.7 14 . 04 co 12.62 24 . 82 38.98 124.39 

HIGH II 

0 . 05 
0.53 
0 .49 
0 .13 
5.33 

HIGH II 
(.;.) 

l. 13 I-' 

13 . 77 0 

12.25 
3.85 

126.00 
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Table D.25. Comparison of Emissions Due to EHV Operation, by Scenario, 
Milwaukee, Cincinnati, and Buffalo, 1990 

Milwaukee Emissions as a Percentage of Ci ncinnati Emissions 

Scenario 

Pollutant LOW I LOW II MEDIUM HIGH I 

SOX 5 3 3 7 
NOx 0.8 0.7 0.2 0.2 
HC 0 3 0 0 
Particulates 0 0 0 0 
co 0 5 0 0 

Milwaukee Emissions as a Percentage of Buffalo Emissions 

Scenario 

Pollutant LOW I LOW II MEDIUM HIGH I 

SOX 13 10 5 12 
NOx 33 40 17 15 
HC 0 100 0 0 
Particulates 0 0 0 0 
co 0 125 0 0 

Buffalo Emissions as a Percentage of Cincinnati Emissions 

Scenario 

Pollutant LOW I LOW II MEDIUM HIGH I 

SOX 40 30 67 56 
NOX 33 23 30 40 
HC 100 50 100 100 
Particulates 100 50 67 86 
co 100 67 100 67 

reduced by some 65%. The reduct ion realized is somewhat 
less in the scenarios with HVs because of the gasoline
powered HV VMT, which are not affected by standards for 
fossil fuel power plants. 

5 . Buffalo was selected as a case study UA because of the 
predominant use of oil to generate electricity. In 1990, 
100% of the electricity generation for EHVs will be oil-

HIGH II 

1 
0.2 
1 
0 
1 

HIGH II 

2 
15 

200 
0 

100 

HIGH II 

56 
40 
33 
75 
71 
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Table D.26. Comparison of Emissions Due to EHV Operation, by Scenario, 
Milwaukee, Cincinnati, and Buffalo, 2000 

Milwaukee Emissions as a Percentage of Cincinnati Emissions 

Scenario 

Pollutant LOW I LOW II MEDIUM HIGH I 

SOX 2 3 2 4 

NOx 2 13 2 4 
HC 0 74 0 5 
Particulates 0 23 2 4 
co 0 82 0 4 

Milwaukee Emissions as a Percentage of Buffalo Emissions 

Scenario 

Pollutant LOW I LOW II MEDIUM HIGH I 

SOX 2 4 2 6 
NOX 4 24 4 8 
HC 0 100 0 8 
Particulates 0 21 2 4 
co 0 115 0 5 

Buffalo Emissions as a Percentage of Cincinnati Emissions 

Scenario 

Pollutant LOW I LOW II MEDIUM HIGH I 

SOx 65 70 73 66 
NOx 38 53 54 51 
HC 50 71 67 65 
Particulates 105 108 100 89 
co 83 72 70 86 

based and, in the year 2000, approximately 80% wil 1 be 
oil, with the remainder , coal. The air pollutant trends 
in Buffalo are similar to those in Cincinnati, since 
oil-fired power plant emissions are similar to coal-fired 
power plant emissions. The SOx emissions for the EHVs 
exceed by 8-20 times those generated by equivalent CV VMT 
in 1990 and by 13-17 times in 2000. 

HIGH II 

5 
13 
74 
19 
80 

HIGH II 

7 
24 

107 
23 

113 

HIGH II 

64 
53 
69 
81 
71 



313 

6. The 1979 NSPS have no effect in Buffalo in 1990 because 
of the assumption that all electricity will be provided 
by oil-fired power plants, and only minimal effect in 
2000. The 1979 NSPS reduce the SOx emissions in 2000 
due to ElN battery charging by about 5% in LOW I, by 
about 15-20% in LOW II and MEDIUM, and by about 25% 
in HIGH I and HIGH II. In all cases, the SOx emissions 
exceed those from the corresponding CV mileage. 

The most striking differences in emissions occur between Milwaukee, 
which is predominantly nuclear, and Cincinnati, which is predominantly 
coal-based (see Tables D.25 and D.26). The notable differences are in 
SOx emissions and, to some extent, in NOx and particulates. This is not 
surprising, since HC and CO are emitted in greater quantities from CVs. 
Irrespective of pollutants, in 1990 Milwaukee area power plants emit 0-7% of 
the power plant emissions in Cincinnati due to EHV VMT. In the year 2000, 
ERV-related emissions in Milwaukee may be: (1) 2-5% of the SOx emissions 
in Cincinnati; (2) 2-4% of the NOx emissions for the three EV-only scenarios 
and 13% for the two scenarios with HVs; (3) 0-4% of the particulate emissions 
for the EV-only scenarios and 19-23% for the scenarios with RVs; and (4) 0-5% 
of the HC and CO emissions for the EV-only scenarios and 74-82% for the 
scenarios with RVs. For al 1 emissions except SOx in 2000, the totals due to 
EHVs converge slightly because of increased use of coal in Milwaukee and of 
nuclear power in Cincinnati . 

The projected difference between Mi lwaukee and Buffalo, the latter 
providing predominantly oil-fired energy, is less striking. In 1990, about 5% 
of Milwaukee's power comes from coal and 100% of Buffalo's power comes from 
oil. Therefore , it is not surprising that Milwaukee ERV-related SOX emis
sions are about 2-13% of those emitted in Buffalo. For NOx, Milwaukee EHV 
emiss ions are about 15-40% of Buffalo's in all scenarios; for particulates, 
Milwaukee emissions are insignificant in comparison to Buffalo's. In 2000, 
the trends change slightly because approximate l y 2.5% of Milwaukee's electri
city will be from coal, while Buffalo's electricity will be about 20% coal
based. Milwaukee ERV-related SOx emissions a re less than 10% of Buffalo 
SOx emissions in all scenarios. Milwaukee NOx emissions are 4-8% of Buffalo 
emissions in the EV-only scenarios and about 25% in the scenarios with RVs. 

The differences between Buffalo and Cincinnati are even less striking. 

Dallas and San Diego are large UAs with low EHV market penetration but 
with different primary sources of fuel used in power plants. Tables D.27-D.29 
present the comparison. 

1. San Diego, which is regulated by California standards, 
has slightly lower CV emission rates for NOx, CO, and 
HC. The California emission rates are 75-100% of the 
national rates, depending on the pollutant and vehicle 
type. The particulate and SOx rates are the same. 
The slight difference in emission rates does not signifi
cantly affect emission trends. 



Table D.27. San Diego Vehicle and Power Plant Emissions to the Air Due to the Operation 
of EHVs and the Same VMT by CVs, by Scenario, 1990 and 2000 (106 lb) 

Total EHV Em i ssions , 1990 Emissions if VMT by CVs, 1990 

Scenar io Scenario 

Po ll u t ant LO\./ I LO\./ II MEDIUM HIGH I HIGH 11 Poll utant LO\./ l LOW l l MEDIUM HIGH I 

SOX 0.06 0 . l 0. 1 0 . 4 0 .4 SOx 0 . 0 1 0 .0l 0 . 02 0.06 
NOX 0.02 0.06 0 . 05 0.2 0. 22 NOx 0 . lO 0 .17 0.22 0.51 
HC 0 0.02 0 0 0.02 HC 0 . 09 0. 16 0 . 19 0.43 
Part icu lates 0.01 0.02 0.02 0.05 0 .06 Part iculates 0 . 02 0.04 0.04 0. 13 
co 0 0. l 7 0 . 01 0.02 0 .22 co 0 . 97 1. 61 1. 71 4 . 73 

Total EHV Emissions, 2000 Em issions if VMT by CVs, 2000 

Scenario Scenario 

Pollutant LO\./ I LOW II MEDIUM HIGH l HIGH II Po ll utant LOW I LOW II MEDIUM HIGH I 

SOX 0 0 . 02 0 . 01 0. I 0. 25 SOx 0 . 14 0 . 26 0.4 7 I . 33 
NOX 0 0.14 0 0.04 I. 92 NOx 1. so 3 . 01 4. 74 14.90 
HC 0 0.25 0 0 1.49 HC 1. 1 7 2.37 3.68 11 . 71 
Partir:ulates 0 0. 14 0 0.01 0 . 52 Par ticu l ates 0.40 0 . 82 1. 29 4 . 11 
co 0 7.31 0 0 14.05 co 11 . 31 22 . 72 35.27 110. 84 

HIGH 11 

0 . 06 
o. 54 
0 . 47 
0. 14 
4.85 

HIGH II 
Lu 

1. 33 I-' 
.i,-

15.79 
12.49 
4 . 82 

118.89 



Table D.28. Dallas Vehicle and Power Plant Emissions t o the Air Due to the Operation of 
EHVs and the Same VMT by CVs, by Scenario, 1990 and 2000 (106 lb) 

ToLal EHV Emissions, 1990 Emissions if VHT by CVS, 1990 

Scenar io Scenario 

Pollut ant LOW I LOW II MEDIUM HIGH I HIGH 11 Po l lutant LOW I LOW II MEDIUM HIGH I HIGH 11 

SOX 0. I 0.3 0.3 0.8 0 . 8 SOx 0.01 0.01 0.02 o.os o.os 
NOX 0.08 0 .12 0 . 2 0 . 4 O. S2 NOx 0.08 0 . 14 0 . 18 0 . 44 0.4S 
HC 0 0. 02 0 0.01 0. 03 HC 0 . 08 0 . l 5 0 .18 0.42 0.44 
ParLicul ates 0.01 0. 02 0. 02 0.06 0. 07 Particula tes 0 .02 0 .03 0.04 0.11 0 . 11 
co 0 o. 19 0.01 0.02 o. 23 co 0.91 l. 63 l. 97 2.80 4 . 77 

Total EHV Emiss ions , 2000 Emiss ions i f VMT by CVs , 2000 

Scenar io Scenario 

Pol l ut ant LOW I LOW II MEDIUM HIGH I H lG!l II PollutanL LOW l LOW II MEDIUM HIGH I ll IG!l II 
w 

SOX I . 3 2.94 4 . l 13 . 9 14. 5 7 SOx 0. 12 0 . 23 0.38 1.08 1. 09 I-' 
V, 

NO>< 0.8 2. 14 2.4 8 . 1 10.56 NOX l. 26 2 .64 3 .88 12 . 20 13 . 13 
HC 0.01 0.42 0.04 0.1 2.01 HC 1.09 2 . 31 3 . 29 10 . 39 11 . 42 
Particulate s 0. 11 0.31 0.3 l. 2 l. 76 Parti c ulates 0 . 33 0 . 69 1 . 02 3. 24 3.46 
co 0. 04 4. 12 0 . 1 0 .4 20. 20 co 11 . 3 7 24.00 34 . 07 107 .20 118 .01 
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Tab l e D. 29. Comparison of Emissions Due to EHV Operat ion, by Scenario , 
San Diego and Dallas, 1990 and 2000 

San Diego Emissions as a Percentage of Dallas Emissions, 1990 

Scenario 

Pollutant LOW I LOW II MEDIUM HIGH I 

SOX 60 33 33 50 
NOX 25 50 25 50 
HC 100 100 100 0 
Particulates 100 100 100 83 
co 100 89 100 100 

San Diego Emissions as a Percentage of Dallas Emissions, 2000 

Scenario 

Pollutant LOW I LOW I I MEDIUM HIGH I 

SOX 0 0.7 0.2 0 . 7 
NOX 0 7 0 0.5 
HC 0 60 0 0 
Particul ates 0 45 0 0,8 
co 0 56 0 0 

2. In 1990, 55% of San Di ego EHV electricity is supplied by 
oil-fired power p l ants, wh i le 45% is supplied by nuc l e a r 
plants. The projection shows that in 2000, only 0.2% i s 
from oil-f i red power plants, and 99.8% from nuclear 
plants. It is not surprising, therefore, that EHV SOX 
emissions exceed those of the BASE scenario in 1990 but 
are less than thos e of the BASE scenario in 2000. 

3. Since San Diego is proj ected to use no coal-fired power 
plants, 1979 NSPS have no effect on estimated SOx and 
NOx emissions. As with all other UAs, federal regions, 
and the nation, EHV VMT-related particulates are reduced 
by 70%. 

4 . Coal-fired power plants are projected to provi de all of 
the electricity in Dallas in 1990 but only 65% by 2000. 
The remaining plants in 2000 are nuclear. In both 
years, EHV SOx emissions exceed those of the BASE sce
nar i o . 

HIGH 

50 
42 
67 
86 
96 

HIGH 

2 
18 
74 
30 
70 

II 

II 
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5. The 1979 NSPS reduce ERV SOx by 65% in 1 990 and 
90% in 2000, but emissions still exceed those gene
rated by equivalent CV VMT. The 1979 NSPS reduce 
the ERV NOx emissions by nearly 30% in the EV - only 
scenarios and by approximately 25% in the two sce
narios with HVs in 1990; comparable percentage re 
ductions occur in 2000 . 

The greatest difference between San Diego and Dallas is in 2000, when 
San Diego's power is predominantly nuclear. In 2000, San Diego ERV-related 
SOx emissions are less than 2% of those emitted in Dallas . Table D.29 
presents the results for each pollutant. 

Medium-sized UAs with a high EHV market penetration but with dif
ferent sources of fuel for electricity generation for EHVs are represented by 
Grand Rapids, Albuquerque, and Orlando. Their emissions are shown in Tables 
D.30-D.33. 

1. In 1990, 90% of the off-peak electricity in Grand Rapids 
1s projected to be generated by coal and the remainder to 
be generated by nuclear plants. I n 2000, only O . 4% is 
generated by coal and 99.6% by nuclear. Such a change 
causes ERV-re l ated SOx emi ssions to vary greatly. In 
1990, EHV SOx emissions exceed by 10 to 15 times the 
emissions generated by equivalent CV VMT. In 2000 in al l 
scenarios, ERV SOx emissions are less than those of 
CVs. 

2. The 1979 NSPS affect the SOx emissions in 1990 and 2000. 
In 1990, they reduce ERV SOx emissions by 65%; when 
signif i cantly less coal is used in 2000, SOx emis
sions for the EV-only scenarios are reduced by 65% and 
by 35-40% for the scenarios with RVs. However, the 
absolute reduction in emissions is significantly less in 
2000, because much less coal is used to supply the 
necessary energy. 

3. In both 1990 and 2000 in Albuquerque, 100% of the elec
tricity to charge EHV batteries comes from coal- fired 
power plants. As a result, SOx emissions associated 
with the ERV scenarios are substantially greater than 
those associated with the BASE scenario. EHV NOx emis
sions are either virtually the same as or less than the 
NOx emissions of the BASE scenario . 

4 . The 1979 NSPS have a substan tial effect in Albuquerque 
because of the sole use of coal. In 1990 and 2000, the 
1979 NSPS reduce EHV SOX emissions by 92%. In 1990, 
EHV SOx emissions are approximately the same as those 
of CVs. In 2000, EHV SOx emissions are only 50-60% 
greater than the emissions generated by equivalent CV 
mileage. This represents a significant improvement. 
In 1990 and 2000, ERV- related NOx emi ssions are reduced 
by 25- 30%. The overall effect is that t he NOx emissions 
of the EHV scenarios are always less than those of the 
BASE scenario. 



Table D.30. Grand Rapids Vehicle and Power Plant Emissions to the Air Due to the Operation 
of EHVs and the Same VMT by CVs, by Scenario, 1990 and 2000 (106 lb) 

To t al EHV Emissions, 1990 

Scenario 
-- - - ---

Po lluLanL LOW I LOW I I MEDIUM HIGH I HIGH lI 
- --------- - - ---------

SOX 
NOX 
HC 
Particulates 
co 

0 05 
0.03 
0 
0 
0 

0 08 
0 06 
0 01 
0 01 
0 .05 

- -- --------------- ----·----

0 . 1 
0.07 
0 
0 OJ 
0 

To tal EHV Emiss ions, 2000 
---

Scenario --
Pollutant Lllw I LOW I I MEDIUM 

------~--~-·----
SOX 0 0.02 0 .01 
NOX 0 0 . 11 0.01 
HC 0 0. 10 0 
Particulates 0 0.03 0 
co 0 0 . 98 0 

------- - ------· 

0.3 0 3 
0.2 0 . 21 
0 0 01 
0 02 0.02 
0 0 1 0.08 

HIGH I HIGH II 

0 . 1 0. 14 
0 . 0 7 0.57 
0 0.42 
0.01 0. I 5 
0 4 . 27 

---- ---- - - -- ---· 
Em issions i f VMT by CVs, 1990 

-- - - -
Scenario 

Po l 1 utan t LOW I LOW I I MEDIUM HIGH I 
- ---
SOx 0 0 0 . 01 0 .02 
NOx 0 .04 0.06 0 . 09 0 . 21 
HC 0 .04 0.06 0 . 08 0. I 7 
Particulates 0 .0 1 0.01 0.02 0.05 
co 0 .45 0.65 0 97 l. 95 
- - - ------- - ·· 

-------- -- - -· 
Em i ssions if VMT by CVs , 2000 

- - -
Scenario 

. - ----··----
Pollutant LOW I LOW II MEDIUM HIGH I 

-- ------ ---------- --- --------- -
SOx 0 . 05 0.08 0 . 15 0 .43 
NOx 0 .49 o. 92 I. 54 4 . 97 
HC 0 . 41 0. 77 1 . 26 4.07 
Pan iculates 0. I 3 0. 24 0.42 I. 36 
co 4.22 7 . 95 12.93 41.62 

----------· 

hlGH II 

0. 02 
0.2 1 
0. 17 
0.05 
1.94 

HIGH I I 
w 

0.40 
I-' 
00 

4.79 
3.99 
1. 30 

40.98 



Table D.31 . Albuquerque Vehicle and Power Plant Emissions to the Air Due to the Operation 
of EHVs and the Same VMT by CVs , by Scenario, 1990 and 2000 (106 lb) 

-
Total EHV Emissions, 1990 Emissions if VMT by CVs, 1990 

Scenario Scenar io -
Pollutant LOW I LOW 11 MEDIUM HIGH I HIGH II Po l lutant LOW I LOW I I MEDIUM HIGH I HIGH II 

SOX 0.06 0. 1 0 . 1 0 . 3 0.3 SOx 0 0 0.01 0.02 0 . 02 
NOx 0 . 04 0 . 07 0 . 08 0.2 0 .2 1 NOx 0.04 0.06 0.09 0.22 0.22 
HC 0 0 01 0 0 0.01 HC 0 . 04 0.06 0.08 0 . 20 o. 20 
Partic ul aLes 0.01 0 . 01 0.01 0.03 0 . 03 ParL Lcu l ates 0.01 0.02 0.02 0.05 0.05 
co 0 0 .07 0. 004 0 01 0 . I co 0.43 0 . 68 0.88 2 . 10 2 . 13 

-----

Total EHV Emissions , 2000 Emi ssions if VMT by CVs, 2000 

Scenar i o Scenario 

Po ll utant LOW I LOW 11 MEDIUM HIGH I HIGH II Pol lutanL LOW I LOW I I MEDIUM HIGH I HIGH II 

w 
SOX 0 . 9 I. 8 1 2 . 9 9.6 9.05 SOx 0.05 0 .1 0 0 . 18 0 . 54 0. 50 I-' 
NOX 0.5 I. 25 I. 7 5 . 6 S .98 NOx 0.61 1. 17 1. 96 6 .48 6.22 \D 

HC 0.01 0 . 14 0 . 03 0.09 0 . 64 HC 0.51 0.98 1 . 60 5.25 5 . 14 
Par ticulates 0 . 08 0.24 0.2 0.8 0 . 9 7 Par ticulates 0 . 17 0.32 0 .54 1. 79 I . 71 
co 0.03 I. 34 0 . 09 0.3 5 . 95 co 5 . 21 10.02 16.32 53.46 52.46 



Table D.32. Orlando Vehicle and Power Plant Emissions to the Air Due to the Operation 
of EHVs and the Same VMT by CVs, by Scenario , 1990 and 2000 (106 lb) 

Tota l EHV Emissions, 1990 Emissions if WIT by CVs, 1990 

Sc enari.o Scenar i o 

Po l lu tant LOW I LOW 11 MEDIUM HIGH l ll l GH lI Pol l utan t LOW I LOW I I MEDIUM HIGH 1 

SOX 0 . 06 0.09 0 . l 0 . 3 0 . 3 SOX 0 0.01 0.01 0.03 
NOX 0.02 0 .04 0. 05 0 . l 0. 11 NOx 0 . 05 0 . 08 0. 1 1 0 . 26 
HC 0 0.01 0 0 0.0 1 HC 0 . 05 0 . 08 0 . 11 0 . 21 
Par tic ulates 0 0 1 0 . 0 1 0 .02 0 . 04 0 . 04 Part i.cula t es 0 . 01 0 . 02 0.03 0 . 06 
co 0 0 . 08 0.01 0.01 0. 11 co 0.58 0.89 l . 21 2 . 74 

To tal EHV Em issions, 2000 Em iss i ons if \01T by CVs , 2000 

Scenar i.o Scenari.o 

Pol l utant LOW I LOW 11 MEDIUM HIGH I HIGH 11 Po llutant LOW I LOW II MEDIUM HI GH I 

SOX 0 . 9 l. 5 I 2.2 6 . 8 6.36 SOX 0.07 0 . 12 0. 22 0 . 65 
NOX 0 .4 0.87 I . 1 3.6 4 .15 NOx 0 . 76 1.41 2.36 7.56 
HC 0.01 0. l 7 0 . 02 0 .06 0 . 68 HC 0.64 1.21 1.96 6.31 
Par ticulates 0 11 0 . 20 0 . 19 0 . 6 0.80 Part icu lates 0. 20 0 . 37 0.63 2.04 
co 0 . 04 I. 58 0.08 0.26 6. l 7 co 6 . 66 12.48 20.26 64. 77 

HIGH 11 

0.03 
0 . 27 
0 . 25 
0 .06 
2.7 5 

HIGH II 
w 
N 

0 . 60 0 

7.30 
6.2 1 
l. 95 

63.89 
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Table D.33. Comparison of Emissions Due to EHV Operation, by Scenario, 
Albuquerque, Grand Rapids, and Orlando, 1990 and 2000 

Grand Rapids Emissions as a Percentage of Albuquerque Emissions, 1990 

Scenario 

Pollutant LOW I LOW II MEDIUM HIGH I HIGH II 

SOX 83 80 100 100 100 
NOX 75 86 88 100 100 
HC 100 100 100 100 100 
Particulates 0 100 100 67 67 
co 100 71 100 100 80 

Grand Rapids Emissions as a Percentage of Orlando Emissions, 1990 

Scenario 

Pollutant LOW I LOW II MEDIUM HIGH I HIGH II 

SOX 83 89 100 100 100 
NOX 150 150 140 200 191 
HC 100 100 100 100 100 
Particulates 0 100 50 50 50 
co 100 63 0 100 73 

Orlando Emissions as a Percentage of Albuquerque Emiss ions , 1990 

Scenario 

Pollutant LOW I LOW II MEDIUM HIGH I HIGH II 

SOX 100 90 100 100 100 
NOX 50 57 63 50 52 
HC 100 100 100 100 100 
Particulates 100 100 200 133 133 
co 100 114 250 100 110 
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Table D.33 . (Cont ' d) 

Grand Rap i ds Emissions as a Percentage of Albuquerque Emissions, 2000 

Scenario 

Pollutant LOW I LOW II MEDIUM HIGH I HIGH II 

SOx 0 1 0.3 1 2 
NOx 0 9 0.6 1 10 
RC 0 71 0 0 66 
Particul ates 0 13 0 1 15 
co 0 73 0 0 72 

Grand Rapids Emissions as a Percentage of Orlando Emissions, 2000 

Scenario 

Pollutant LOW I LOW II MEDIUM HIGH I 

SOX 0 1 0.5 1 
NOX 0 13 0 . 9 2 
HC 0 59 0 0 
Particulates 0 15 0 2 
co 0 62 0 0 

Orlando Emissions as a Percentage of Albuquerque Emissions , 2000 

Scenario 

Pollutant LOW I LOW II MEDIUM HIGH I 

SOX 100 83 76 71 
NOx 80 70 65 64 
HC 100 121 67 67 
Particulates 138 83 95 75 
co 133 118 89 87 

5. In 1990, Orlando ERV electricity is provided entirely 
by oil. However, the projections show 42% oil, 28% coal, 
and 30% nuclear power plants for 2000 . As a result of 
this mix of fuels, the SOx emissions associated with 
the EHV scenarios exceed the BASE scenario in both 1990 
and 2000. 

6. The 1979 NSPS affect only the particulat e emissions 
in 1990 but also affect the SOx and NOx em1ss1ons 

HIGH II 

2 
14 
62 
19 
64 

HIGH II 

70 
69 

106 
81 

113 
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in 2000 because of the mix of fuels . The 2000 EHV SOx 
emissions are reduced by just over 15% in LOW I, nearly 
30% in LOW II, 35% in MEDIUM, and 55% in HIGH I and 
HIGH II. Despite these reductions, the SOX emissions 
are still higher 1.n the EHV scenarios as compared to 
the BASE scenario. 

The trends in 1990 and 2000 are significantly different because of the 
fuel mix in each of the UAs (see Table D.33). In 1990, emissions in the three 
UAs are fairly similar. In 2000, significant differences are apparent. The 
greatest differences are between Albuquerque and Grand Rapids. In 2000, only 
0.4% of the energy in Grand Rapids is supplied by coal and the remainder by 
nuclear power . In Albuquerque, 100% of the energy is supplied by coal. In 
the EV-only scenarios, Grand Rapids produces less than or equal to 1% of the 
ERV-related emissions produced in Albuquerque with respect to all of the 
pollutants. In the scenarios with RVs, Grand Rapids produces 1-15% of what is 
produced in Albuquerque for SOx, NOx, and particulate emissions and 65- 75% 
of what is emitted in Albuquerque for RC and CO. The dramatic differences 
result from the gasoline- powered HV VMT. The differences between the em1.s
sions in Grand Rapids and Orlando are similar as shown in the tables. There 
are virtually no differences between Orlando and Albuquerque in 2000. 

Two UAs, Little Rock and Chattanooga, are considered in the category 
of medium-sized UAs with low EHV market penetration. Little Rock represents 
a predominance of nuclear-supplied energy and Chattanooga a predominance of 
coal-supplied energy. Tables D.34-D.36 present this comparison. 

1, Electricity generated in Li ttle Rock is 59% nuclear 
and 41% coal in 1990. In 2000, nuclear power plants 
supply 93% of the electricity, with coal supplying 
the rest. Between 1990 and 2000, EHV SOX emissions in
crease, but the percentage by which the SOx emissions 
for EHV scenarios exceed the BASE scenario is smaller 
than in many other UAs because of lower EHV market pene
tration. 

2. Because of lower market penetration, the NSPS impacts are 
less . However, the 1979 NSPS reduce the 1990 and 2000 
EHV SOx emissions by about 55%. 

3 . In Chattanooga 100% of the energy is supplied by coal 
in 1990, and 82% in the year 2000, with the remaining 
18% derived from nuclear power. The predominant use 
of coal, particularly in 1990, is reflected in the EHV 
SOX emissions, which exceed those generated by CVs. 

4. The 1979 NSPS reduce the 1990 and 2000 EHV SOX emissions 
by approximately 65%. 

As anticipated, Little Rock emits fewer ERV-related pollutants than 
Chattanooga for all of the scenarios. The trend is more pronounced in the 
year 2000, when Little Rock becomes a l most totally dependent on nuclear 
power. 



Table D.34. Little Rock Vehicle and Power Plant Emissions to the Air Due to the Operation 
of EHVs and the Same VMT by CVs, by Scenari o, 1990 and 2000 (106 lb) 

-
Total EHV Emissions, 1990 tm i.ss i.ons if VMT by CVs, 1990 

Scenario Scenario 

Pol l utant LOW l LOW 11 ME!HUM HI GH I HIGH 11 Pollutant LOW l LOW 11 MEDIUM HIGH I HIGH 11 
---

SOX 0.01 0 03 0.03 0.08 0 .08 SOX 0.002 0 . 003 0.004 0.01 0 .01 
NOx 0.01 0.01 0 .02 0.04 0 . 05 NOx 0 . 02 0.04 0 . 05 0. 11 0. 12 
HC 0 0 0 0 0 HC 0 . 02 0.04 0 . 04 0 .11 0. 11 
Particulates 0 0 0 0 0 Particu l atf'S 0.0 1 0.01 0.01 0.02 0 . 03 
co 0 0.03 0 0 0.05 co 0.24 0 .40 0.50 l. 14 I . I 7 

Tota l EHV Emissions, 2000 Emissions i f VMT by CVs, 2000 

Scenar i.o Scenario 

Pol lutant LOW l LOW 11 MEDIUM HIGH I HIGH II Pollu t an t LOW I LOW 11 MEDIUM HIGH I HIGH 11 
w 

SOX 0.03 0 . 09 0 . I 0.5 0.53 SOx 0 . 02 0 .05 0.09 0. 27 0.27 N 
-!0-

NOx 0 . 02 0 . 1 3 0.07 0.3 0.68 NOx 0.31 0 .64 0.98 3 .14 3.26 
HC 0 0.07 0 0 0. 32 HC 0 . 27 0 .55 0.82 2.62 2 .78 
Part ic ulates 0 0.03 0 . 01 0 . 04 0 .14 Particulates 0.08 0. I 7 0 .26 0.85 0.87 
co 0 0. 77 0 0.02 3.28 co 2 . 77 5 . 70 8.42 26.92 28.60 



Table D.35. Chattanooga Vehic l e and Power Plant Emi ssions to the Ai r Due to t he Operation 
of EHVs and t he Same VMT by CVs, by Scenario, 1990 and 2000 (106 lb) 

-
Tota l EHV Emissions, 1990 Emissions if VMT by CVs, 1990 

Scenario Scenario 

Pollutant LOW I LOW II MEDIUM HIGH I HIGH II Pollutant LOW I LOW II MEDIUM HIGH I HIGH II 

SOx 0.03 0.05 0 . 06 0.1 0.1 SOx 0 . 001 0.002 0.03 0.01 0 . 01 
NOx 0.01 0.03 0.03 0.08 0.08 NOx 0.02 0.03 0.04 0.09 0.09 
HC 0 0 0 0 0 HC 0.02 0.03 0.04 0 .08 0.09 
Particulates 0 0 0 0 . 01 0 . 01 Particulates 0 0.01 0 . 01 0 . 02 0.02 
co 0 0.03 0 0 0.03 co 0 .19 0.41 0.41 0.90 0 . 93 

Total EHV Emissions , 2000 Emissions if VMT by CVs, 2000 

Scenar i o Scenario ---
Pollutant LOW I LOW II MEDIUM HIGH I HIGH II Po 11 utan t LOW I LOW II MEDIUM HIGH I HIGH II 

SOX 0 . 3 0 . 71 1.0 3.4 3.52 SOx 0.02 0.04 0 . 07 0.21 0 . 21 w 
N 

NOx 0 . 2 0.47 0 .6 2. 0 2.29 NOx 0 .2) 0.)0 0. 76 2.44 2 . )4 V1 

HC 0 0.07 0 . 01 0 . 03 0.28 HC 0 . 21 0.43 0.64 2.04 2 . 16 
Particulates 0.03 0 . 08 0.08 0 . 3 0.38 Part i culates 0 . 06 0 .13 o. 25 0.66 0 . 68 
co 0.01 0.62 0.03 0. l 2 . 63 co 2 .16 4 . 43 6 . 55 20.93 22.23 
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Table D.36. Comparison of Emissions Due to EHV Operation, by Scenario, 
Little Rock and Chattanooga, 1990 and 2000 

Little Rock Emissions as a Percentage of Chattanooga Emissions, 1990 

Scenario 

Pollutant LOW I LOW II MEDIUM HIGH I HIGH II 

SOX 33 60 so 80 80 

NOX 100 33 67 50 50 
HC 0 0 0 0 0 
Particulates 0 0 0 0 0 
co 0 100 0 0 16 7 

Little Rock Emissions as a Percentage of Chattanooga Emissions, 2000 

Scenario 

Pollutant LOW I LOW II MEDIUM HIGH I HIGH II 

SOX 10 13 10 15 15 
NOX 10 28 12 15 30 
HC 0 100 0 0 114 

Particulates 0 38 13 13 37 
co 0 124 0 20 125 

D.2.3.6 EHV Impact on Total Emissions in Large UAs 

Reference D.16 provides projections to the year 2000 of total emissions 
from al 1 sources for the 24 AQCRs with the largest populations. These are 
baseline emissions that assume no EHV penetration. Five of the 10 UAs 
selected for analysis are included in these 24 AQCRs: Milwaukee, Cincinnati, 
Buffalo, San Diego, and Dallas. The impact of the emissions totals projected 
1n this analysis on total emissions of the five AQCRs is examined below. 

To determine the overall air quality impact of EHV penetration relative 
to the total air pollutant loading from all sources for the AQCRs cited above, 
EHV emissions for a given UA in a given year are added to the total emissions 
for the AQCR in which the UA is included and the CV emissions for equivalent 
VMT are subtracted. The resulting emission totals (with EHV penetration) are 
then divided by the baseline emission totals (assuming no EHVs) to determine 
the relative impact of ERV penetration on the total emissions in the AQCR. 
The results are shown in Tables D.37 and D.38. The ratios presented fo r AQCRs 
are assumed, for the purposes of th is analysis, to apply to the UAs them
selves. 



Table D.37. Ratio of EHV Scenario to BASE Scenario Air Pollutant 
Loadings from All Sources for Selected AQCRs, 1990 

Cincinnati Milwaukee 

Scenario Scenario 
Pollutant LOW I LOW 11 MEDIUM HIGH I HIGH 11 Pollutant LOW I LOW II MEDIUM HIGH I HIGH 11 

SOX 1 .000 1.001 1.000 l .001 1.002 SOx l .000 1.000 1.000 1.000 1.000 
NOX 1 .000 1 . 000 1 .000 1.000 1.000 NOx 1.000 0.999 0.999 0.998 0.998 
HC 1.000 1.000 0.999 0.999 0.999 HC 1. 000 1.000 1.000 1.000 1. 000 
Particulates 1 . 000 1 . 000 1.000 1.000 1 .000 Particu lates 1. 000 1. 000 1.000 0 . 999 0.999 co 0.998 0.998 0.997 0.992 0.992 co 0.999 0.998 0.998 0 . 995 0.995 

San Diego Dallas 
··--· -

Scenario Scenario - ·•-·-------
Pollutant LOW I LOW II MEDIUM HIGH I HIGH Il Pollutant LOW 1 LOW 11 MEDIUM HIGH I HIGH 11 

- · - - ---- - - - - · p - ·-·----- w SOX 1 .001 1 . 002 1. 002 1 .008 l . 009 SOx 1 .noo l .000 l . 001 l . 002 1. 002 N 
'-J NOx 0.999 0 .999 0.999 0.998 0 . 997 rn~ 1 .nnr (I_Cl09 1 . 000 l .0oo I . UUU HC I. 000 0.999 0.999 0.998 0 . 998 HC 1. 000 1.000 1. 000 0.99Y 0.999 

Particulates 1. 000 1.000 1.000 0.998 0.998 Particulates 0.999 1 . 000 1.000 1 .000 1. 000 co 0 .998 0.998 0 . 997 0.992 0.992 co 0.999 0 . 999 0 . 997 0.998 0.997 

Buffalo 

Scenario 

Pollutant LOW 1 LOW 11 MEDIUM HIGH I HIGH II 

SOX 1. 000 1 .000 1.000 1 .002 1 .002 
NOx 1.000 0.999 0.999 0.999 0.999 
HC 0.999 0.999 0.999 1 .002 0 . 998 
Particulates 1.000 0 . 999 1.000 0.999 0.999 
co 0 . 998 0 . 998 0.997 0.993 0.993 



Table D.38. Ratio of EHV Scenario to BASE Scenario Air Pollutant 
Loadings from Al 1 Sources for Selected AQCRs, 2000 

Cincinnati Milwaukee 

Scenario Scenario 

Pollutant LOW I LOW I I MEDIUM HIGH I HIGH II Pollutant LOW I LOW II MEDIUM HIGH I HIGH II 

SOX l. 005 1. 010 1 . 015 1 . 052 1.050 SOx 0 . 999 0.999 0.999 1 . 000 1. 000 
NOx 0.999 0.999 0.998 0 . 995 1.000 NOx 0 . 996 0 . 992 0 . 987 0 . 957 0.961 
HC 0 . 999 0.998 0 . 996 0 . 986 0.988 HC 0.999 0.998 0.997 0. 991 0.992 
Particulates 0 . 999 0 . 997 0 . 994 0.983 0.987 Pa rt i culates 0 . 998 0 . 996 0.994 0.979 0 . 981 
co 0 . 979 0.965 0.936 0 . 797 0816 co 0 . 988 0.979 0.964 0.884 0.892 

San Diego Da l las 

Scenario Scenario 

Pollutant LOW I LOW II MEDIUM HIGH I HIGH II Pollutant LOW I LOW II MEDIUM HIGH I HIGH II 
---- w 

sox 0.995 0.992 0 . 984 0 . 957 0.962 sox 1 .002 1 .004 1.006 l. 019 1. 020 N 

NOx 0 . 988 0. 977 o. 961 0.879 0.887 NOx 0 999 0 . 999 0 . 997 0.992 0 . 995 co 

HC 0.995 0 . 991 0 . 984 0 . 951 o. 954 HC 0.999 0.998 0.997 0 . 989 0.990 
Particulates 0 . 993 0.988 0.978 0 . 931 0.936 Particulates 0 . 999 0.999 0.999 0.998 0 . 998 
co 0 . 980 o. 972 0.937 0 . 801 0.811 co 0.992 0.985 0 . 975 o. 922 0 . 928 

Buffalo 

Scenario --- -
Pollutant LOW I LOW II MEDIUM HIGH I HIGH 11 

·----- - - - - - - -
sox 1 .006 l. 013 l. 021 I. 064 1.061 
NOx 0 . 996 0.996 0 . 991 0.969 0. 977 
HC 0.995 0.992 0 . 985 0.952 0.958 
Particulates 0.998 0 . 997 0 . 991 0.972 0.978 
co 0.982 0. 971 0.946 0.828 0. 847 

----- ---- ·------ - · 
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From these tables and the previous analysis, the following conclusions 
can be made: 

1. The UAs that benefit most from the introduction of 
EHVs are those that use nuclear power as a primary 
source of electrical energy. This is because fossil
fuel power plant emissions are not being substituted for 
emissions from the CVs that can be replaced by EHVs. 

2. In 1990 , the UAs with and without EHVs have essential
ly the same quantity of SOx emissions. Averaged over 
the five UAs, SOx emissions increase by approxi mately 
0.1% under the ERV scenarios. 

3 . By 2000, SOx emissions increase due to greater ERV 
penetration. In Cincinnati, overall SOx emissions 
increase by as much as 5%. In Dallas, SOx emi ssions 
increase 0.2-2.0% . In Buffal o , SOx emissions increase 
0.6-2.0% in the LOW and MEDIUM scenarios, and 6.0- 6 . 5% in 
the HIGH scenarios. In Milwaukee and San Diego, where 
there is greater use of nuclear energy, EHV penetration 
decreases areawide SOx emissions. In Milwaukee, SOx 
emissions decrease by approximately O . 1%; and in 
San Diego by anywhere from 0.5% to 4.0%, depending on the 
scenario. 

4 . In 1990, NOx, HC, particulate, and CO emissions de
crease as a result of ERV penetration. For NOx, emi s 
sions are reduced 0.1-0 . 3%; for HC and particulates, 
0 . 1-0 . 2%; and for CO, 0.1-0.8%. The largest reductions 
are in the HIGH scenarios where the penetration rate 1s 
higher. 

5. In 2000, the NOx, HC , particulate, and CO tre nds are 
similar to those in 1990 . As with other pollutants, the 
greatest difference between the ERV scenarios and the 
BASE scenario occurs when nuclear energy predominates and 
in the HIGH scenarios . EHV use reduces NOx emissions 
in San Diego by 1.0-4.0% in the LOW and MEDIUM scenarios, 
and 12.0-14.0% in the HIGH scenarios. In Mi l waukee, 
NOx is reduced 0.4-1.3% in the LOW and MEDIUM sc e 
narios, and 4% in the HIGH scenarios . The trends are not 
so pronounced in the other UAs, where coal and oi 1 are 
the primary sources o f energy. I n Cincinnati and Dallas, 
NOx emissions are reduced 0.1-0 . 5% over all scenarios; 
in Buffalo, the NOx emissions are reduced 0.4-2.3%. 
In 2000, HC emissions a r e reduced in all UAs from 
0.1-5.0% for all EHV scenarios. Likewise , particu
lates are reduced 0.1-7 .0% for all scenarios. Carbon 
monoxide emissions are reduced up to 20%. The CO reduc
tion averages 3% for the LOW and MEDIUM scenarios, and 
15% for the HI GH scenarios. The overall ave rage reduc
t ion in CO emissions over a l l scenarios is 8%. 
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While total SOX emissions in UAs generally increase over the BASE 
scenario with ERV penetration, they do so in the context of what Refs. D.16 
and D.17 project to be declining SOx burdens for many AQCRs. Of the 24 
AQCRs examined in Ref. D.16, 15 have lower SOx totals in 2000 t han in 1975 
and none of the 24 are projected to exceed the primary SOX standard in 2000. 
In 1975, four of the 24 AQCRs exceeded the SOx standard. In Ref. D.17, a 
more recent analysis, 18 of the 24 AQCRs have lower SOx totals in 2000 than 
in 1975, and just one of the 24 is projected to exceed the primary standard in 
2000. These project i ons are based on stringent control of power plants, 
including: (1) stringent standards in state implementation plans (SIPS) 
affecting existing power plants, (2) retirement of many existing plants, (3) 
compliance with NSPS for new power plants, and (4) construction of many new 
power plants away from AQCRs that contain UAs . Thus, these two references 
conclude that, even with significant ERV penetration (such as that of the HIGH 
scenarios), total SOx emissions in such AQCRs wi 11 not increase signifi
cantly. At the same time, the impact of EHVs is anticipated to be measureable 
and significantly more important in certain areas. 

D.2.3.7 Localized Air Quality Impacts 

Carbon monoxide as a pollutant is most appropriately examined at 
the local level. In this sect ion, the formation of CO hotspots and their 
mitigation through ERV penetration are discussed. Other ERV-related air 
pollutant impacts at the microscale also are briefly mentioned. 

A CO hotspot is a localized area of ambient concentration at levels 
pervasively or potentially above either the one-hour or eight-hour CO national 
standard. Increasingly, the potential of a location to be 11hot" is getting 
more attention than a record of pervasive violations at a site. This is 
principally because examples of the latter are in short supply and, supported 
by knowledge of the relatively linear relationship between CO emission source 
intensities and ambient concentrations, it is believed that there are now 
many more potential hotspots, chiefly in urban areas, than have heretofore 
been discovered or proved. Among the primary characteristics of potential 
urban CO hotspot locations are weak or irregular atmospheric mixing (lack of 
turbulence) and regular infusion of CO from either major (e.g., steel mill) or 
multiple mobile but minor emission sources. 

The "street canyon," a relatively narrow rectangular roadway corridor 
bounded on at least two sides by an unbroken line of taller buildings, is the 
classic example of a hotspot location. The street-level air circulation 
pattern identified with the canyon tends to produce a buildup of motor 
vehicle- related CO on the leeward side which, combined with background CO 
concentrations often found in urban areas, may result in violations of stan
dards even if roadway traffic volumes are not in excess of design capacity. 
Canyon- like conditions also may be created if large traffic volumes in an 
unenclosed road corridor move so slowly that the usual vehicle-induced, 
localized air turbulence fails to occur. This can result in elevated CO 
concentrations along both sides of and to distances well back from the road
way. High- volume intersections also are considered prime CO hotspot candi
dates because of lower throughput speeds, the likelihood that the intersection 
is bounded by development, and the high incidence of vehicle idling. In 
general, the failure of either natural or mechanically induced turbulence to 
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replace air in the vicinity of moderate-to-high-volume roadways over which 
present-day vehicles operate leads to the creation of CO hotspots. 

There is ample evidence that CO hotspots are diminishing in number and 
may entirely disappear within the near future. This is attributable not to 
dramatic changes in air circulation patterns but to the significant reduction 
in CO emissions per vehicle, even at low speeds. Continued turnover in the 
conventional passenger car and truck populations will result in an even 
cleaner- running vehicle stream, which is likely to be achieved more rapidly in 
urban areas because of the higher proport i on of late-model cars in operation 
there (new cars being the fi rst vehicles subject to more stringent emission 
controls). Trends of monitored CO concen trations support the conjecture that 
the urban vehicle stream is now emitting considerably less CO than at any time 
since passage of the 1970 Cl ean Air Act. For example, in Chicago, the number 
of monitoring stations recording violations of the eight- hour CO standard has 
declined from seven in 1975 to two (both located near the heart of downtown) 
in 1978. There have been no recorded violations of the one-hour standard in 
Chicago since 1973.D.18 

In an effort to establish worst- case criteria for CO hotspots, the 
Division of Air Pollution Control of t h e Illinois Environmental Protection 
Agency utilized the HIWAY dispersion model to determine threshold traffic 
volumes by roadway type (and intersection leg) above which CO violations 
would occur near the roadwa y or intersection given maximum likely local 
atmospheric stability, minimum likely wind speed, and average facility delay 
time (increase of travel speed). Simulation traffic volumes by link for the 
Chicago six-county regional highway network were computer-scanned for com
parison with these screening volumes, and the results are reported in 
Ref. D.19. Table D.39 indicates the trend toward elimination of Chicago's CO 
hotspots as shown in the above reference. 

Continued moderate traffic growth through the 1980s is expected at most 
of the potential violation sites, although a leveling or even a downturn in 
projected volumes may occur in the 1990s in what are currently the more 
densely developed parts of the region. Nevertheless, the key factor is that, 
as the composite emissions of motor vehicles dimini sh, the minimum threshold 

Table D.39. Possible CO Violation Si tes in the Chicago 
Metropolitan Area at End of Years 1977, 
1982 , and 1987 

1987 1987 
Facility Type 1977 1982 with IMa without 

Arterial 4308 2234 6 164 
Expressway/freeway 237 101 0 0 
Intersection at grade 2480 1310 23 195 

Total 7025 3645 29 59 

aMotor vehicle mandatory emissions inspection and main-
tenance. 

IM 
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screening traffic volumes become very large -- larger than most present or 
predicted flows on any single roadway. 

These results point to a complete disappearance of CO hotspots in 
metropolitan Chicago by no later than early 1989. Even without the introduc
tion in 1983 of mandatory vehicle emissions inspection and maintenance (cur
rently required by law under the 1977 Clean Air Act Amendments), the trend 
indicates such a decline prior to 1990, the first EHV scenario year for which 
air quality impacts are examined in detail. More recent refinements of these 
screening volumes have resulted in even higher minimum thresholds for all 
years. D • 20 There fore, one can be re.asonab ly confident that the CO hotspot 
will not remain in the Chicago metropolitan area as a problem subject to 
amelioration by penetration of EHVs into the vehicle stream by 1990, and in no 
case by the year 2000. This conclusion should also be true for other regions 
similar in development stage to Chicago. It is important to note that this 
conclusion assumes continued timely turnover of the vehicle population (i.e., 
at or near present rates) and eventual cessation of VMT growth in urban 
areas of medium to dense development. 

None of the above takes into account the growth in stationary and area 
sources of CO emissions that would characterize a rapidly developing urban 
region of the kind found in the U.S. sun belt. In order to permit con
tinued industrial, commercial, and population growth, many rapidly develop
ing urban areas have set more stringent emission reduction goals for mobile 
sources than would otherwise be required merely to attain national air pol
lutant standards by the end of 1987. To comply fully with current legisla
tion , all communities must demonstrate that local CO concentrations resulting 
from the combined effect of vehicle movement and stati onar y source emissions 
(e.g., space heating and blast furnace combustion) will meet standards by and 
maintain them after 1987. Therefore, the fact that zero mobile-source-related 
CO hotspots are expected by 1990 may not be relevant to the needs of a par
ticular community; in fact, it may be necessary to reduce emissions from 
mobile sources well below local attainment thresholds for the ambient stan
dards to permit location of planned major stationary sources at or near 
present hotspot sites. 

The contribution that EHVs could make to such an em1ss1ons reduction 
is, of course, a function of the percentage of these vehicles in the urban 
vehicle stream. Computation of EV impact is relatively straightforward, in 
that each CV that is replaced by an EV corresponds to the replacement of 
finite and positive ground-level CO emissions by zero ground-level CO emis
sions for every mile traveled. In the case of HVs, about 65% of such emis
sions are eliminated on a per mile, per vehicle basis. Table D.40 shows the 
approximate percentage of the total vehicle stream (disaggregated into pas
senger cars, buses, and trucks) represented by EVs and HVs for each pene
tration scenario in 1990 and 2000. It has been assumed that these percentages 
are characteristic of EHV scenario year urban vehicle flows in the vicinity of 
roadway locations at which present conditions give rise to the formation of CO 
hotspots. They are derived from projections by scenario of total VMT by EVs, 
HVs, and CVs. 

No notable impact on motor vehicle CO emission intensities 1s attrib
utable to EVs or HVs 1n any of the scenarios for 1990. Using an average 
urban modal mix (cars, light trucks, medium-to-heavy gasoline trucks, heavy 
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Table D. 40. Percentage EV and HV Participation in Urban 
Vehicle Streams, by Scenario, 1990 and 2000 

1990 

Scenar io 

Vehicle LOW I LOW II MEDIUM HIGH I HIGH II 

EV 

Car 0.06 0.06 1.11 0.29 0.24 
Bus 1.92 7.69 15.38 13.85 
Li ght truck 0.28 0.28 0 . 52 1.11 1.00 

HV 

Car 0.03 0.04 
Bus 
Light truck 0.14 0.13 

EV+ HV 

Car 0.06 0 . 08 1.11 0.29 0.29 
Bus 1. 92 1. 92 7 . 69 15 .38 13 .85 
Light truck 0.28 0.41 0.52 1.11 1.13 

2000 

Scenario 

Vehic l e LOW I LOW II MEDIUM HIGH I HIGH II 

EV 

Car 0.69 0.69 2 . 85 7.97 6.29 
Bus 10.34 10.34 32 . 76 43.10 20 . 86 
Light truck 3.56 3.56 8.45 23.14 15.76 

HV 

Car 0.46 1.68 
Bus 
Light truck 2.44 14.73 

EV+ HV 

Car 0.69 1.16 2.85 7.97 7.97 
Bus 10 . 34 10 . 34 32.76 43. 10 20 . 86 
Light truck 3.56 6 . 00 8.45 23.14 30.49 
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diesel trucks, and buses) derived from Ref. D.21 and the emission factors for 
various CV types shown in Table D.15, a CO composite emission factor of under 
20 g/mi in 1990 for the BASE scenario is calculated. Because this factor is 
relatively low and EHV penetration is low, only the HIGH I and HIGH II EHV 
truck penetration rates (1%+) affect the individual emission factors by more 
than a tiny fractional amount. 

For 2000, the picture is somewhat different. Although it 1s hardly 
imaginable that CO violations will continue to occur except in very isolated, 
infrequent, and unpredictable circumstances and locations, the contribution of 
EHVs to mainta1n1ng low ambient concentrations is more than just nominal. 
Based on Table D.40 and present trends in the mix of vehicle types from Ref. 
D.21, EHVs in the vehicle stream result in from 0.8% (LOW I) to 11.3% 
(HIGH I) less CO being emitted by mobile sources than in the BASE scenario. 
For HIGH I in 2000, this implies that the CO composite emission factor for an 
average urban modal mix declines from about 16.7 g/mi to 14.8 g/mi, with the 
greatest impact experienced among light trucks. Under the same assumptions, 
the composite NOx factor declines from 2.19 g/mi to 1.98 g/mi, and the 
composite HC factor from 1.57 g/mi to 1.38 g/mi. 

The following conclusions can be drawn from the above discussion: 

1. Given the expected reduction in emissions by CVs, CO 
hotspots should generally cease to be a problem by 
1990 and 2000. 

2. In some areas, however, and particularly in rapidly 
developing urban regions, it may be necessary to reduce 
emissions from mobile sources well below the local 
attainment threshold for the ambient standard. In such 
areas, EHVs could contribute to emissions reduction to an 
extent directly proportional to total EHV penetration 
into the urban vehicle stream. 

3. Because EHVs also contribute to reductions of HC and 
NOx emissions, they might actually come to play a 
significant role in the control of localized air pollu
tion incidents if high ambient ozone levels persist as an 
urban problem or if NOx hotspots come to be recognized 
as a phenomenon of certain types of urban development. 

Finally, estimates of the impact of EHVs on air quality at the micro
scale as a result of vehicle accidents, especially those including fires, and 
the generation of other localized pollutants during normal and abnormal 
charging (including regenerative braking) are not made in this analysis. This 
area of EHV impacts should be analyzed for al 1 battery systems assessed . 

D.2.3.8 Carbon Dioxide Emissions 

The focus of the discussion in Sec. D.2 has thus far been on the 
air pollutants for which national ambient air quality standards have been 
promulgated. This section discusses CO2 generation from vehicle operation, 
a topic that has elicited considerable interest and concern in recent years. 
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Background 

A steadily increasing rate of discharge of carbon into the atmosphere 
(chiefly in the form of CO2) and a global increase in the atmospheric 
concentration of CO2 are occurring. That is, since about 1940 the percentage 
composition of air has been modified by a measurable increase in COz volume. 
Various projections indicate that the baseline atmospheric CO2 level of the 
1950s could double before the year 2025, based on its recent rate of growth 
and forecasts of a steep increase through the year 2000 in worldwide com
bustion of fossil fuels. Global climatic simulation models indicate that, 
owing to the "greenhouse" effect, this could result in an increase in mean 
global temperature of 2 - 4°F, which is enough to precipitate massive climatic 
changes worldwide and major dislocations of agriculturally viable land.D.22 

However, the explicit limitation of these simulation models is that they have 
not satisfactorily incorporated the role of the oceans in absorbing large 
quantities of CO2 from the atmosphere. It is not yet known whether the 
assimilative capacities of both the surface and deep water layers of the 
hydrosphere will be sufficient to offset most of the expected growth in CO2 
em1.ss1.ons. 

Current environmental policies treat CO2 as a benign residual of 
energy-producing processes. Carbon dioxide is not a toxic gas, while CO, 
a product of incomplete and/or low- temperature combustion, most certainly is. 
Reducing emissions of CO (a regulated pollutant) has traditionally centered 
on technologies that substitute COz for CO as a combustion product (e.g., 
ra1.s1.ng boiler fue 1 combustion temperatures and inst al ling catalyt i c con
verters on motor vehicles). Although this policy is being reconsidered, it is 
not expected that capture of CO2 and recovery of its carbon, through, say, 
conversion to methane, wil l be an important aspect of fossil fuel combustion 
for electric power and in motor vehicles prior to 2000. Therefore, virtually 
all of the CO2 generated in each of the EHV scenarios will contribute to 
atmospheric loading. However, even the HIGH scenario totals represent onl y a 
tiny fraction of the total COz carbon loading attributable to worldwide 
fossil fuel combustion in 1990 and 2000 . 

where: 

Method and Assumptions 

The algorithm from Ref. D.23 used to compute total carbon loading from 

Ba = L Wi · fi · Fi · ria 
l 

= total CO2 carbon burden of scenario a, 

w· l. = weight (tons) or volume (ft3) of fossil fuel i 
required to produce 101 2 Btu, 

f · l. = carbon fraction of fossil fuel i, 

F· l. = proportion of carbon in i oxidized to CO2, and 

ria = energ!: requirement of fossil fuel i i. n scenario 
a (lo 2 Btu). 

(D. l) 
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For the EV-only scenarios, i = 1, 2, and 3 (coal, residual oi 1, and natural 
gas). For the scenarios with RVs, the loading from gasoline combustion also 
is estimated. For CVs, only gasoline and diesel fuel combustion are consid
ered. Fossil fuel requirements are determined from the energy and utility 
analyses (see Apps. C and F). 

Table D.41 presents the weight or volume Btu equivalents for each of 
the fossil fuels in this analysis. For coal, the value is based on the 
average heating value of eastern and western coal weighted by the forecast 
proportionate split between these two sources of supply in 1990 and 2000 . * 
For gasoline, diesel fuel, residual oil, and natural gas, the value is ob
tained from Tables A-3 and A-4 (p. A-4) of Ref . D.24. Table D.42 gives values 
of fi an Fi for each fossil fuel. 

Results 

A summary by EHV scenario of the computed carbon burden of COz is pre
sented in Table D.43. The corresponding CO2 carbon loading by CVs traveling 
equivalent mileage is given in Table D . 44. In all 1990 scenarios, the 
total carbon burden of COz attributable to ERV-related combustion exceeds 
that attributable to CVs by at least 10%. However, only in the 2000 scenarios 
with RVs does the CO2 carbon burden with ERV penetration exceed that without 
it. The ERV COz burden exceeds the CV COz burden in LOW II by 7%, and in 
HIGH II by 3%. An explanation for the fact that the CO2 burden is l ess with 
EVs than CVs in LOW I, MEDIUM, and HIGH I is that, between 1990 and 2000, an 
increase occurs in the proportion of nuclear power used for the generation of 
electricity for charging EHVs. Utilization of nuclear power does not contri
bute to the CO2 burden from power p l ants. Moreover, about 3% of the energy 
for EVs is supplied by natural gas, which has relatively low carbon content 
compared to petroleum distillates. In any event, it appears that in no case 
is the difference between the carbon burden of each EHV scenario and that of 
the BASE scenario of sufficient magnitude to be considered significant (see 

Table D.45). 

D.2 . 4 Fuels Production Process Emissions 

Tables D. 46-D.56 show the nationa l air pollutants generated from the 
production and transport to utilities and/or service stations (or other 
vehicle servicing facility) of fuels required for ERV and CV operation. These 
residual totals are based on the characterization of the fuel production 
process described in Sec. B.4 . They may represent the worst case, because 
stricter standards are expected for industrial processes within the next five 

years. 

These tables show that generation of particulates and SOz 1n fuels 
production increases substantially with EHV introduction. Relative to other 
power plant fuels, production and transport of uranium contributes a greater 
amount of these pollutants. Additional controls on the gaseous diffusion 

*The share of western coal in total domestic supply is expected to rise from 
40% in 1990 to about 50% in 2000.D.ZS,D.26 Thermal content per ton of 
western coal is generally less than that of eastern coal. 
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Table D.41. Fossil Fuel Weight or Volume 
Btu Equivalents 

1012 Btu Equivalent 

Fuel 1990 2000 

Coal (bituminous) 47,000 tons 48,000 

Gasoline 25,000 tons 25,000 

Diesel fuel 25,600 tons 25,600 

Residual oil 26,300 tons 26,300 

tons 

tons 

tons 

tons 

Natural gas 9.5238 X 108 ft3 9 .5238 X lQ8 ft3 

Table D.42. Fossil Fuel Carbon Fraction and 
Proportion Oxidized to CO2 

Proportion 
Carbon of Carbon 

Fraction Oxidized to CO2 
Fuel ( f i) (Fi) 

Coal (bituminous) 0.7 0.99 

Gasoline 0.84a 0.9lsa 

Diesel fuel o , s4a 0.915a 

Residual oil o,s4a 0.915a 

Natural gas 15.29 x 10-6b 0.97 

Composite 
Factor 

(fiXFi) 

0.693 

o. 796 

0. 796 

0.796 

14 , 83 X 10-6 

aThese are average values reflecting the carbon content of crude 
oil. 

b15.29 g/ft3 , 

Source: Ref . D.23. 

enrichment process or a more rapid conversion to ultracentrifuge technology 
than is assumed here could reduce this problem. 

With EHV market penetration, NOx generation from fuels production 
decreases slightly, and HC and CO generation decreases substantially. These 
pollutants are higher for CVs because of the greater reliance on road trans
port for the higher-cost, lighter fuels used to operate CVs . More stringent 
enforcement of mobile source Set II (NOx, HC, and CO) controls could reduce 
the Set II burden attributable to CV fuels transport below that for transport 
of fuels attributable to EHVs. 



338 

Table D.43. CO2 Carbon Burden Generated by EHV Operation 
by Scenario (105 tons) 

Scenario 

Fuel LOW I LOW II MEDIUM HIGH I 

1990 

Coal 1. 939 3.295 4.230 10. 964 

Oi 1 (including 0.419 1.098 0.915 2.514 
gasoline) 

Natural gas 0.062 0 .104 0 .132 0.345 

Total 2.420 4.497 5. 277 13. 82 

2000 

Coal 26.532 52.062 80.731 264.540 

Oi 1 (including 5.028 19 . 384 17.223 63.001 
gasoline) 

Natural gas 

Total 

0.763 1 .460 2.246 6.532 

32.38 72. 91 100.2 334.1 

Table D. 44. CO2 Carbon Burden of CVs Operating 
the Same VMT as EHVs, by Scenario 
(lo5 tons) 

Year 

1990 

2000 

LOW I 

2 .196 

35.07 

LOW II 

3.623 

67.88 

Scenario 

MEDIUM HIGH I 

4.754 12.19 

111.1 353.1 

HIGH II 

12.28 

349.5 

Table D.45. EHV CO2 Carbon Burden as a Fraction 
of CO2 Carbon Burden of CVs Operat
ing the Same VMT as EHVs 

Year 

1990 

2000 

LOW I 

1.102 

0 .923 

LOW II 

1. 241 

1.074 

Scenario 

MEDIUM 

1.110 

0.902 

HIGH I 

1.134 

0.946 

HIGH II 

1.165 

1.033 

HIGH II 

10.953 

3.014 

0.345 

14.31 

256.438 

98.362 

6 . 343 

361 . 1 
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Table D.46. Air Pollutants from Fuel Produced and 
Transported to Utility for EHV Opera
tion, LOW I, 1990 (short tons) 

Natural 
Pollutant Uraniuma Coal Oilb Gas Total 

Particulates 162.1 137.7 4.2 0.1 304.1 

S02 635.5 21. 7 25.8 0.005 683.0 

NOX 171. 7 33.8 38.6 2.1 246.2 

HC 2.3 16.4 11. 2 0.3 30.2 

co 5.1 27.5 19.5 0.003 54.4 

Aldehydes 3.4 1.7 0.08 5.18 

aAssumes UF6 enrichment is 80% by gaseous diffusion 
method and 20% by gas centrifuge technology. 

bAssigned as the proportion of process pollutants at
tributable to the production of the necessary amount of 
residual fuel oil. 

Table D.47. Air Pollutants from Fuel Produced and Transported to 
Utility and Service Station for EHV Operation, LOW II, 
1990 (short tons) 

Pollutant 

Particulates 

S02 

NOX 

HC 

co 
Aldehydes 

Uraniwna 

276.6 

1,083.9 

292.5 

4.0 

8.7 

Coal 

234.0 

36.8 

57.4 

27.9 

46.7 

5.7 

7.1 

43.8 

65.6 

19.0 

33.1 

2.8 

Natural 
Gas 

0 . 2 

0.01 

3.5 

0.5 

0.005 

0.13 

Gasoline 

4.4 

28.2 

56.7 

12.9 

29.4 

1.9 

Total 

522 . 3 

1192. 7 

475.7 

64.3 

117 .9 

10 .5 

aAssumes UF6 enrichment is 80% by gaseous diffusion method and 20% 
by gas centrifuge technology. 

bAssigned as the proportion of process pollutants attributable to the 
production of the necessary amount of residual fuel oil. 
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Table D.48. Air Pollutants from Fuel Produced and Trans
ported to Utility for EHV Operation, MEDIUM, 
1990 (short tons) 

Natural 
Pollutant Uraniuma Coal Oilb Gas Total 

Particulates 355.8 300 .4 9.1 0.3 665.4 

S02 1393. 3 47.2 56.3 0.01 1496.8 

NOX 376 . 0 73.7 84.2 4 . 5 538 .4 

HC 5 . 1 35.8 24 . 4 0.7 66.0 

co 11. 2 60.0 42.5 0.007 113. 7 

Aldehydes 7.4 3 . 6 1.7 11 . 2 

aAssumes UF6 enrichment is 80% by gaseous diffusion 
method and 20% by gas centrifuge technology. 

bAssigned as the proportion of process pol l utants at
tributable to the production of the necessary amount of 
residual fuel oil. 

Table D.49. Air Pollutants from Fuel Produced and Trans
ported to Utility for EHV Operation , HIGH I, 
1990 (short tons) 

Natural 
Pollutant Uraniuma Coal Oilb Gas Total 

Particulates 913 . 5 778 . 9 24.9 0.8 1717 .1 

S02 3579.8 122 .4 154.7 0.02 3856. 9 

NOX 966 . 2 190.9 231.6 11.8 1400 . 5 

HC 13.1 92 . 9 67 . 2 1.8 175.0 

co 28 . 7 155 . 4 116 . 9 0.017 301 .0 

Aldehydes 19 . 1 10.0 0 . 43 29.5 

aAssumes UF6 enrichment i s 80% by gaseous diffusion method 
and 20% by gas centrifuge technology. 

bAssigned as the proportion of pr ocess pollutant s at-
tributable to the production of the necessary amount of 
residual foe 1 oil. 
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Table D.50. Air Pollutants from Fuel Produced and Transported to 
Utility and Service Station for ERV Operation, 
HIGH I I , 1990 (short tons) 

Pollutant Uraniuma Coal 
Natural 

Gas Gasoline Total 

Particul ates 

S02 

912.6 

3576.2 

965 .2 

13.1 

28 . 7 

77 .8 

122. 3 

190.7 

92.8 

155.2 

19.1 

24 . 9 

154 .6 

231. 3 

67.1 

116 .8 

9.9 

0.8 

0.02 

5.8 

36.8 

73.9 

16.8 

38.4 

1721.0 

3889.9 

1472.8 NOX 11. 7 

1.8 

0.017 

0.43 

HC 

co 
Aldehydes 2.5 

191. 6 

339.1 

31.9 

aAssumes UF6 enr i chment 1s 80% by gaseous diffusion method and 20% 
by gas centrifuge technology . 

bAssigned as the proportion of process pollutants attributable to the 
production of the necessary amount of residual fuel oil. 

Table D. 51. Air Pollutants from Fuel Pr oduced and Trans
ported to Utility and Service Station for EHV 
Operation, LOW I, 2000 (short tons) 

Natur a l 
Pollutant Uraniuma Coal Oilb Gas Total 

Particulates 3,127.5 1 ,860.6 49.8 1.8 5,039 . 0 

S02 12 , 331. 3 290 . 6 309.4 0.05 12,931.4 

NOx 3,348.9 449 . 1 463.1 26.0 4,287. 1 

HC 43.7 220. 1 134.4 3.9 402.1 

co 104.9 364.8 233.8 0.04 703.5 

Aldehydes 44.6 19.9 0 . 1 64.6 

aAssumes UF6 enrichment is 80% by gaseous 
20% by gas centrifuge technology. 

diffusion method and 

bAssigned as the proportion of process pollutants attributable 
to the production of the necessary amount of residual fuel 
o i l. 
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Table D.52 . Air Pollutants from Fuel Produced and Transported to 
Utility for EHV Operation, LOW II, 2000 (short tons) 

Pollut ant Uraniuma Coal 
Natural 

Gas Gasoline Total 

Particulates 

S02 

6,034.9 

23,795.4 

6,462 . 2 

84.4 

202 .4 

3 , 642.7 

569.0 

879.3 

430.9 

714 . 3 

106.7 

662.5 

991.5 

287.8 

500 .4 

3.4 

0 . 1 

98.8 

629.8 

1,265 . 9 

287 . 3 

657 . 6 

43. 1 

9 , 886.5 

25,836.8 

9,648.6 

1 , 097 . 9 

2 , 074.8 

NOX 

HC 

co 
Aldehydes 87. 3 42.6 

49.7 

7.5 

0.07 

1.8 174.8 

aAssumes UF6 enrichment 1s 80% by gaseous diffusion method and 20% by 
gas centrifuge technology . 

bAss i gned as the proportion of process pollutants attributable to the 
production of the necessary amount of residual fuel oi l. 

Table D.53. Air Pollutants from Fuel Produc ed and Transported 
to Utility for EHV Operation , MEDIUM, 2000 
(short tons) 

Natural 
Pollutant Uraniuma Coal Oilb Gas Total 

Particulates 9,307.7 5,648.7 170. 7 5 . 2 15,132.3 

so2 36,700.0 882 .4 1,059.9 0.16 38,642.5 

NOx 9,966 . 7 1,363.6 1,586 . 3 76.4 12,993.0 

HC 130.1 668 . 2 460.4 11.5 1,270.2 

co 312 . 1 1,107.6 800.6 0 . 1 2,220.4 

Al dehydes 135 .4 68 . 2 2.8 206.4 

aAssumes UF6 enrichment is 80% by gaseous diffusion method and 
20% by gas centri fuge technology. 

bAssigned as the proportion of process pollutants attr i butable 
to the production of the necessary amount of residual fue l oil. 
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Table D.54. Air Pollutants from Fuel Produced and Transported to 
Utility for EHV Operation, HIGH I, 2000 (short tons) 

Natural 
Pollutant Uraniuma Coal Oilb Gas Total 

Particulates 28,497.0 18,510.0 624.4 15.1 4.76xl04 

S02 112,360 .o 2,891.4 3,876.7 0.5 1.19lxl05 

NOX 30,514.0 4,468.1 5,802.3 222.3 4 .10xl04 

HC 398.3 2,189.7 1,684.2 33 . 5 4,305.7 

co 955.6 3,629.4 2,928.6 0.3 7 , 513.9 

Aldehydes 443 .6 249.5 8.2 701. 3 

aAssumes UF6 enrichment is 80% by gaseous diffusion method and 20% 
by gas centrifuge technology. 

bAssigned as the proportion of process pollutants attributable to 
the production of the necessary amount of residual fuel oil. 

Table D.55. Air Pollutants from Fuel Produced and Transported to Utility and 
Service Station for EHV Operation, HIGH II, 2000 (short tons) 

Natural 
Pollutant Uraniuma Coal Oilb Gas Gasoline Total 

Particulates 27,650.0 17,943.0 604.4 14.7 428 . 7 4.66xl04 

so2 109 , 025.0 2,802.8 3,752 .6 0.4 2 , 731.4 1. 183xl05 

NOX 29,608.0 4,331.3 5,616.5 215.9 5,490 . 0 4.53xl04 

HC 386.5 2,122.6 1 , 6 30 . 2 32.5 1 , 246.0 5,417.8 

co 927.2 3,518.2 2 , 834.8 0.3 2,852.1 10,139.8 

Aldehydes 430.0 241.5 7.9 186.9 866.3 

aAssumes UF6 enrichment is 80% by gaseous diffusion method and 20% by gas 
centrifuge technology. 

bAssigned as the proportion of process pollutants attributable to the produc
tion of the necessary amount of residual fuel oil. 
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Table D.56. Air Pollutants from the Production and Trans
port to Service Station of Gasoline and 
Diesel Fuel Required by CVs Operating the 
Same VMT as EHVs, by Scenario, 1990 and 2000 
(short tons) 

1990 Scenario 

Pollutant LOW I LOW II MEDIUM HIGH I HIGH II 

Particulates 25 . 2 41.6 54 . 3 138.6 139. 7 

S02 159.9 264. 7 346 .0 884.4 891 .3 

NOX 321.5 532.1 688.3 1,746.6 1 ,762 . 8 

HC 73 .0 120.8 15 7 .0 399.9 403.3 

co 167.0 276.4 357 .4 906.7 915.2 

Aldehydes 10 . 9 18 . 1 23.5 59.9 60.5 

2000 Scenario 

Pollutant LOW I LOW II MEDIUM HIGH I HI GH II 

Particulates 401. 1 777 . 5 1 ,268.8 4,041.2 4,006.1 

SOz 2,556.7 4,954.7 8,088.8 25,756.2 25,527.2 

NOx 5,109.0 9,929.8 16,116.3 51,543.7 51,234.6 

HC 1,162.8 2,256 . 8 3 , 673.5 11,723.1 11,636.0 

co 2,653.5 5,157.9 8,369.3 26,772 . 1 26,614.9 

Al dehydes 174 .4 338.5 550.8 1 , 758.2 1 , 745.3 
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D,3 WATER QUALITY 

This analysis discusses projected impacts on water quality in 2000 for 
the five EHV scenarios. Water pollutants generated from the manufacture and 
operation (including fuels production for operation) of EHVs are compared with 
those generated by a corresponding number of CVs. The year 2000 was chosen 
for analysis, because it was assumed that the impacts of the earlier assess
ment years (1985 and 1990) would be relatively insignificant. 

D.3.1 Vehicle Production 

Total national discharges of significant waterborne pollutants are 
estimated for selected materials required in the domestic manufacture of EHVs 
and CVs. These totals are based on information provided i n Sec, B.3. The 
materials evaluated are lead, nickel, iron, steel, plastic, aluminum, sulfuric 
acid, potassium hydroxide, potassium chloride, copper, zinc oxide, lithium 
sulfide, and lithium chloride, Associated pollutant loadings are estimated 
for TDS, TSS, BOD (five-day), oil and grease, lead, zinc, other heavy metals 
and, in some instances, sulfides. 

Tables D.57-D.61 summarize the pollutant loadings associated with 
vehicle production for each of the five scenarios. The pollutant loadings 
for CVs are for the same number of CVs as EHVs produced in each ERV scenario. 
National totals are provided in the columns at the far right. The relative 
impacts of each of the materials are evident. As can be seen, EHV discharges 
exceed CV discharges in all scenarios. 

Not shown in the tables, but provided in Sec. B. 3, are the specific 
phases in product manufacture during which pollutant emissions occur (e.g., 
milling, mining, and primary refining). Highest discharges are usually 
associated with the first or second process following actual extraction of 
the resource. In this analysis, present materials recycling rates are 
assumed, If the rates were to increase, the total water pollutant load 
associated with vehicle production would decrease. 

Table D.62 provides a comparison of the discharges between each of the 
EHV scenarios and the discharges for an equivalent number of CVs. Using the 
results of Tables D.57-D.61, the ratio of EHV to CV pollutant totals is given. 
Since in all cases EHV discharges e xceed CV discharges, the table provides the 
factor of pollutant increase. Depending on the scenario and pollutant, 
the factor of increase ranges from 1.2 to 4.6. Comparisons are not provided 
for pollutants for which no appreciable CV contribution can be identified 
(e.g., sulfides). 

D.3.2 Vehicle Operation 

The energy resource allocations by scenario are used to assess the 
potential water quality implications of alternative scenarios. As shown in 
App. F, no new utility facility construction with potential water quality 
impacts would be required, except possibly for five utilities. Given essen
tially all off-peak charging for EHVs, these five utilities would probably buy 
from the grid rather than enter into new construction. 



Table D.57. Vehicle Production Gross Water Emissions, LOW I EHVs and the Same Number of CVs, 2000 

Vehicle and 
Pollutant 

EIIV 

rnsa 

BODsb 

Oi 1 and grease 

TSSC 

Lead 

Zinc 

Heavy metals 

Sulfides 

CV 

TDS 

BOD5 

Oil and grease 

TSS 

Lead 

Zinc 

Heavy metals 

Sulfides 

Domestic 
Sal es 
(103) 

751 

751 

aTotal dissolved solids . 

Material (lb) 

Lead Nickel Iron Steel Pl as tic Aluminum ll2S04 

l.84xl06 - l . 97xl05 l.38xl06 l . 82xl05 - l.18xI04 

l.89xl04 8 . 90xI04 5 . 36x!05 ,.95x J03 

2.87xl04 2.26xl02 l.43xl03 8.67x l03 7.54x10l 2 . 26xl03 

KOH Copper Zn0 2 Total 

4.60xl04 1 . 38xl04 3.67xl06 

5.73xl04 1 . 66xl03 7 .1 3xl05 

9.05xl02 2 . 26xl03 4 .45xl04 

5.88xl04 6.03xl02 6.18xl03 4.07xl04 6.71xl03 8 . 82x!04 2.94x!03 5 . 00x!04 7 . 37x l04 2 . 83xI 04 3.56x!05 

9 . 05xl02 - 6.58x!Ol 3 . 99x!02 - - - - - l.37xl03 

l.2lx103 5.48x10l 3 . 32xI02 

3 . 77xl02 2 .04xl 03 7 .54xt01 2 . 84x l04 

l.85xl05 l.34xl06 l .16xl05 

8.29xl04 5.20xl05 6.4lxl03 

l.36x!03 8 .44xl03 7.54xlO I 2.49xl03 

5.35x!03 4.00xJ04 4 . 37xto3 9 . 73xJo4 

6 .lSxJOl 3 . 87x!02 

5 .1 3x1ol 3 . 22xI02 

3.02xl02 l. 96xl03 7 .54xI01 3.13xl04 

9.80xl02 

l .60x103 

4.92xl04 l .9lxl04 9 . 92xl04 

9.80x l02 

l. 64x!06 

6.09xl05 

l . 24x!04 

l .47 x105 

4 .49x!02 

3.73xto2 

3 . 36x104 

bBiological oxygen demand (five- day). 

CTotal suspended solids . 

w 
.P
er, 



Table D.58. Vehicle Production Gross Water Emissions, LOW II EHVs and the Same Number of CVs, 2000 

Domest i c 
Vehicle and Sales Material (lb) 
Pollutant (103) Lead Nickel Iron Steel Plastic Aluminum HzS04 KOH Copper ZnOz Total 

EHV 1,384 

Tnsa 3,43xl06 - 4.76x10S 2.62xl06 3 .32x105 - 2.17xl04 - 7.89xl04 l.38x104 6.97x106 
BOD5b - 1.94xl04 2.15xl05 l.02xl06 2.44xl04 - - - 9.97xlo4 l.66xl03 l . 38xl06 
Oil and grease 5.26xlo4 l.38xl02 3.32xl03 l .6Sx104 l . 38xl02 4.98xl03 - - 1.s2x10J 2. 77xl02 7 . 94x104 
TSSC l.09xl05 6.92xl02 l.49xl04 l.34xl05 l.23xl04 1. 97xl05 5.40xl03 4.98xl04 1. 28xl05 2.82xl04 6 . 79x10S 
Lead l.66xlo3 - l.59xl02 7.60xl02 - - - - - - 2 .58xl03 
Zinc 2.2lxl03 - 1. 33xl Q2 6.33xlQ2 - - - - - - 2.98x103 
Heavy metals - - 6.92xl02 3.88xl03 l.38xl02 7 .06xl04 - - 8 . 47xl04 l.90xl 04 l.79xl05 
Sulfides - - - - - - l.8ox103 - - - l.80xl03 

CV 1,384 

TDS - - 3 . 24xl05 2.4Sx106 2.21x10S - - - - - 4.98xl06 
BOD5 - 9 . 55xl05 l .22xl04 9.67xl05 

(,;J - - - - - - - ,p,. 

2.3Sxl03 1.55x104 1. 38xl02 4.57xl03 -..J Oil and grease - - - - - - 2.26xl04 
TSS - - l.02xl04 7.29xto4 l.33xl04 l .86xl05 - - - - 2.82xl05 
Lead - - l.09xl02 7. llxl02 - - - - - - 8 .20xl02 
Zinc - - 9.07xlOl 5.92xl02 - - - - - - 6.83xlQ2 
Heavy metals - - 5.54xl02 3.60xlQ3 l.38xl02 5 . 70xl04 - - - - 6.13x1Q4 
Sulfides 

aTotal dissolved solids. 

bsiological oxygen demand (five-day). 

CTotal suspended solids. 



Table D. 59. Vehicle Product i on Gross Water Emissions, MEDIUM EHVs and the Same Number of CVs , 2000 

Domestic Materia l (lb) 

Vehicle and Sales 
Po 11 u t ant (103 ) Lead Nickel Iron St eel Pl asti c Al uminum HzS04 LiS/LiCl KOH Copper ZnOz Total 

EHV 2,353 . 88 

rnsa 1. 10xJ06 - 6.38xl05 4.3JxJ06 5.48xto5 - 7.06xJo3 - - l .37xl05 l .49xJ05 6.89xl06 
BODsb - 2.00xto5 2.87xJ05 l .69x! 06 2 .99xto4 - - - l . 72xJ05 l .8lxl04 2.40xl06 
Oil and grease l .65x! 04 2. 35xto3 4. 71xl03 2.7lxt04 2.35x l02 7 . 77x!Q3 - 8.60xl02 2.59xJo3 2.82xto3 6 .49xJo6 
TSSC 3. 53x to4 6.59xl03 2 .02xl04 l . 27xl05 2 .02x!04 2.97xt o5 l . 65xl03 5.73xto3 5.30xl05 2. 20xJ05 3 . 07xl05 l.56xJQ6 
Lead 4.70x l 02 - 2 . 13x!02 1. 25xt 03 - - 4.30,dOI - - l.98xJ03 
Zinc 7.06x t o2 - l.78x J02 l .05x J03 - - 4.30xlOI - - - l .98xJ03 
Heavy metals - - 9 .42xl02 6 . 36x103 2 . 35x J02 9.46xJ04 - 2.29xt02 - l.46xl05 2 .0Sxl05 4 .53x t o5 
Sulfides - - - - 4 . 7lxJ02 l . 43xJ03 - - l .90x l 03 

CV 2, 353.88 

TDS - - 5.79xJ05 4 . 17x t o6 3 .62xJ05 - - - - - 5 .l lxl06 
2 . 59xto5 l. 63xl06 l .98xl04 l .9 l x106 

w B0D5 - - - - - - .p.. 
00 Oi 1 and grease - - 4.24xl03 l .46xl04 2 . 35xl02 7. 77xl03 - - - 2 .68xl04 

TSS - - l .84xl 04 l .25x!05 l.34xl04 3.04xJ05 - - - - 4 .6lxI05 
Lead - - l .93xl02 1.2lxt03 - - - - - - - l . 40x!03 
Zinc - l.6lx!02 l.Olxl03 - - - - - l.17xl03 
Heavy met a l s - 9 .4 2x l02 6. l2xl03 2.35xto2 9 . 79xto4 - - - - 1 .04xl05 
Sul fides 

8 Tota l dissolved solids. 

bsiological oxygen demand (five-day). 

cTotal suspended solids . 



Table D.60. Vehicle Production Gross Water Emissions, HIGH I EHVs and the Same Number of CVs, 2000 

Domestic 
Material (lb) 

Vehicle and Sales 
Pollutant ooJi Lead Nickel Iron Steel Plastic Aluminum H2S04 LiS/LiCl KOH Copper Zn02 Total 

EHV 7,265.17 

TDSa 2.20xl06 - 2.44xl06 l .26xl07 l .57xl06 - l .45xlo4 - - 4.2txl05 3.88xl05 l. 96xto7 

BOD5b - 5.23xt05 l. l0xl06 4.94xl06 8.57xl04 - - - - 5. 30xl05 4. 72xl04 7 .23xl06 

Oil and grease 3.63xl04 6.54xt03 l.74xl04 7 .99xto4 7.27xl02 2.62xl04 - 9. 56xl03 - 7.99xto3 7. 99xl03 l.90xl05 

TSSC 6.68xl04 1.s2x104 7.63xl04 3.70x10S 5.8lxl04 l.05xl06 3. 63xl03 6.37xl04 1. 38xl06 6.87xl05 8.00xl05 4.58xl06 

Lead 7.27xl02 - s.1sx102 3 .68x103 - - - 4.78xl02 - - - 5.70xl03 

Zinc l .45x103 - 6.8lxl02 3.07xl03 - - - 4.78xI02 - - - 5.68xl03 

Heavy metals - - 3.63xI03 1.s2x104 7. 27xl02 3. 32xl05 - 2 .55xl03 - 4.52x105 5. 35xl05 l.34xl06 

Sulfides - - - - - - l .18xl03 1. 59xl04 - - - 1. 71xlo4 

CV 7,265. 17 

TDS - - l.54xl06 1.18xl07 l .Olxl06 - - - - - - l.44xl07 

6.97xl05 4.60xl06 5.8lxl04 5 .34xl06 
w 

B0D5 - - - - - - - - ~ 
.l!J 

Oil and grease - - l .09xl04 7.4lxl04 7 . 27xI02 2 .18xlo9 - - - - - l.08xI05 

TSS - - 4.43xl04 3 . 52xl05 4.00xl04 8.94xl05 - - - - - l .33xl06 

Lead - - 5.17xl02 3 .42xl03 - - - - - - - 3 .94xl03 

Zinc - - 4.30xl02 2.85xl03 - - - - - - - 3. 28xl03 

Heavy metals - - 2.18x!03 1.60xl04 7 .27xl02 2.80xl05 - - - - - 2 .99xl05 

Sulfides 

8Total dissolved solids. 

bsiological oxygen demand (five-day) . 

CTot al suspended solids. 



Table D.61. Vehicle Production Gross Water Emissions, HIGH II EHVs and the Same Number of CVs, 2000 

Vehicle and 
Pollutant 

Domestic 
Sales 
Cio3) 

7,499 

Lead Nickel Iron 

Material (lb) 

Steel Plastic Aluminum H2S04 

EHV 

rosa 

BOD5b 

l .98xlQ6 - 2.27xJQ6 l.32xJQ7 l. 72x l06 

9 .45x l04 

l .27x t04 

CV 

Oil and grease 

rssc 

Lead 

Zinc 

Heavy metals 

Sulfides 

TDS 

B0D5 

Oil and grease 

TSS 

Lead 

Zinc 

Heavy metals 

Sulfides 

7,499 

arotal dissolved solids . 

3 .00xto4 

6.00xl04 

7.50xl02 

l .SOxl03 

bBiological oxygen demand (five- day). 

c rotal suspended solids. 

6.30xl05 l.02xl06 5 .1 7xto6 

7.50xl02 2.47xl04 7.50xt03 l.65x lQ4 8 .40xlQ4 

2.10xt04 7.12xt04 3 . 98x t o5 

7 .60xlQ2 3 . 8Sxt03 

6.37x104 9.75xl05 3.00xt03 

6.33xt 02 3.2lxt03 

3.75xl03 l.9Sxl04 7.50x!02 3.12xJ05 

1 .61xl06 

l .12xl04 

S . 10xl04 

5.40xJ02 

l.25xl07 

4 . 90xl06 

7.95x1Q4 

3.74xJ05 

3.65xl03 

4.54xJ02 3.04xl03 

l.15xl06 

6.22xl04 

7.50xl02 

4.27xl04 

2.25x104 

9.67xto5 

2.25xt03 l.65xJ04 7.SOxt02 2 . 93xto5 

l .07xl03 

KOH Copper Zn02 Total 

4.12xJ05 4.68x!05 2.0lxl07 

5.17x1Q5 5.70xlQ4 7.49xl06 

7.50xl03 

l.65xl06 6.70xl05 

9.00xl03 

9.64xl05 

l . 80xl05 

4.88xl06 

5.36xt03 

5.34xl03 

4. 57xl05 6.45xl05 l .44xl06 

l.07x103 

l .53xl07 

4.96xlQ6 

l .14xl05 

l .43xl06 

4.19xl03 

3.49xl03 

3 .1 3xl05 

w 
V, 

.0 
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Table D.62. Ratio of EHV Production Water Discharges to Water Discharges 
from Production of the Same Number of CVs, by Scenario, 2000 

Scenario 

Residuals LOW I LOW II MEDIUM HIGH I HIGH II 

TDsa 2.2 1.4 1. 3 1.4 1.3 

BOD5b 1.2 1.4 1. 3 1.4 1.5 

Oil and grease 3.6 3.5 2.4 1.8 1.6 

Tssc 2.4 2.4 3 . 4 3.4 3.4 

Lead 3.1 3.1 1.4 1.4 1. 3 

Zinc 4 . 3 4.4 1. 7 1. 7 1.5 

Heavy metals 3.0 2.9 4.4 4.5 4.6 

aTotal dissolved solids. 

bBiological oxygen demand (five-day). 

CTotal suspended solids . 

There are a variety of reasons why energy conversion processes as they 
affect water qual i ty per se should be considered in the tradeoffs between 
EHVs and CVs. First, although effluent guidelines have been established 
to regulate the most probable waste streams, not all potential pollutants are 
regulated. Second, even though regulated, energy conversion facilities may 
provide the primary pathways for some contaminants into the environment. 
Ref. D.27 finds that utility boilers are the primary energy-related source of 
iron, mercury, selenium, zinc, chrominum, copper, and cadmium, in addition to 
such trace elements as arsenic , boron, and barium. 

Table D. 63 provides the estimated year 2000 water pollutant loadings 
for utilities attributabl e to the incremental energy requirements for charging 
EHV batteries. Pollutant discharge factors for nuclear power plants are 
taken from Ref. D. 28. The nuclear power plant base unit for comparative 
purposes is a light water reactor. Pollutant discharge factors for coal-fired 
power plants are taken from the same source. A conventional boiler is as
sumed. Water pollutant emissions are the same for both eastern and western 
coal.D.28 

Pollutant discharge factors for oil and gas are arbitrarily assumed to 
be the same as for the coal-fired plant, except for specific pollutants where 
differences could be determined from the literature. Reference D.27 notes 
reduced emissions from oil-fired boilers for TSS, TDS, and COD and increased 
emissions for phosphorous, chromium, and zinc. These differences are factored 
into the calculations . 

Table D. 64 combines the water pollutant loadings by power plant in 
Table D.63 into total water pollutant loadings for each scenario. Obviously, 
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Table D.63. Water Pollutant Loadings by Power Plant Type, 
by Scenario, 2000 (tons) 

Residual 

BODa 
Chlorine 
Phosphates 
Boron 
Chromates 
Acids 
Organics 

BOD 
conb 
TSSC 
rnsd 
Aluminum 
Chromium 
Nonferrous metals 
Zinc 
Sulfates 
Nickel 
Nitrates 
Ammonia 
Phosphorus 
Surfactants 

Scenario 

LOW I LOW II MEDIUM 

Light Water Reactor Plant 

6.79 
79.16 

124.40 
987.66 

6.79 
246.54 
197.53 

13 .17 
153.61 
241.39 

1,916.48 
13 .17 

478.39 
383 . 30 

20.20 
235. 71 
370.40 

2,940.73 
20.20 

934.06 
588.15 

Conventional Coal-Fired Plant 

114. 25 
11,115.28 

26.74 
70,779.52 

24.40 
0 .81 

9,010.22 
4.07 

3,342.51 
294.40 
148.02 

4.88 
13.83 
31. 72 

224 .11 
21,803.39 

52.45 
138,838.86 

47.68 
1.59 

17,608.96 
7.95 

6,532.43 
575.36 
289.27 

9.54 
27. 02 
61 . 99 

34 7. 81 
33,838.47 

81.40 
215,475.39 

74 .00 
2.47 

27,328.79 
12.33 

10,138.22 
892.95 
418.94 

14.80 
41.93 
96.20 

HIGH I 

61.89 
721.95 

1,134.49 
9,007.15 

61.89 
2,248.35 
1,801.43 

1,154.35 
112,307.21 

270 .17 
715,145.91 

245.61 
8 .19 

90,702.11 
40.93 

33,647.95 
2,963.64 
1,490.01 

49 .12 
139.18 
319.29 

Conventional Oil- or Gas-Fired Plant 

BOD 
COD 
TSS 
TDS 
Aluminum 
Chromium 
Nonferrous metals 
Zinc 
Sulfates 
Nickel 
Nitrates 
Ammonia 
Phosphorus 
Surfactants 

47.66 
66.07 

2.11 
4,758.86 

10 .18 
0.30 

3,758.76 
19.01 

1,394.36 
122.81 
61. 75 

2.04 
35.90 
13.23 

aBiological oxygen demand. 
bchemical oxygen demand. 

cTotal suspended solids. 
dTotal dissolved solids. 

87.64 
136.12 

4.35 
9,804.49 

18.65 
0.62 

6,886.26 
39 .16 

2,554.61 
225.00 
113.12 

3.73 
73.97 
24. 24 

140.05 
217.53 

6.95 
15,667.99 

29.80 
0.99 

11 , 004. 55 
62.58 

4,082.28 
359.57 
180.78 

5.96 
118. 20 

38.74 

486.42 
755.50 

24 .15 
54,416.36 

103 .49 
3.45 

38,219.78 
217.33 

14,178.47 
1,248.81 

627.86 
20.70 

410.52 
134.54 

HIGH II 

60.20 
702.29 

1 , 103. 60 
8,761.88 

60.20 
2,187.13 
1,752.38 

1,114.36 
108,416.65 

260.81 
690,371.72 

237 .10 
7.90 

87,560.00 
39.52 

32,482.32 
2,860.97 
1,438.39 

47.42 
134.36 
308.23 

464.87 
729 .34 

23.31 
52,532.78 

98.91 
3.33 

36,527.09 
209.81 

13,550 .53 
1,193.50 

600.05 
19.78 

396.31 
128.58 
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Table D.64. Total Water Pol lutant Loadings 
by Scenario, 2000 (tons ) 

Residual LOW I 

Bona 168.7 
coob 11 ,1 81.35 
TSSC 28.85 
Tosd 75,538.38 
Aluminum 34.58 
Chromium 1.11 
Nonferr ous metal s 12 , 768.98 
Zinc 23 .08 
Sulfates 4 ,736.87 
Nickel 417 .21 
Nitrates 209. 77 
Ammonia 6 . 92 
Phosphorus 49 . 73 
Sur f actants 44.95 
Chlorine 79. 16 
Phosphat es 124 .40 
Boron 987.66 
Chromates 6.79 
Acids 246.54 
Organics 197.53 

aBio l ogical oxygen demand . 

bchemical oxygen demand . 

CTotal suspended sol ids . 

drotal dissol ved solids . 

Scenari o 

LOW II MEDIUM 

324 . 94 508.05 
21 , 939 . 5 34,056 

56.8 88.35 
148 , 643. 35 231,143.38 

66. 33 103.8 
2.21 3.46 

24 ,495.22 38,333.34 
47 .11 74 . 91 

9 , 087 .04 14,220.6 
800 . 36 1 , 252.52 
402 .39 599. 72 

13.27 20.76 
100.99 160. 13 
86.23 134.94 

153.61 235.71 
241. 39 370.40 

1,916.48 2,940.73 
13.17 20. 20 

478.39 934.06 
383.30 588 . 15 

from Power Plants , 

HIGH I HIGH II 

1,702.66 1,639.43 
113,062.71 109,145 . 99 

294.32 284 .12 
769,562.27 742 , 904.5 

349 .1 336.01 
11 . 64 11. 23 

128,921.89 124,089.09 
258. 26 249.33 

47,826 .42 46 , 032.85 
4,212.45 4 ,054.47 
2,117.87 2,038 .44 

69.82 67 . 2 
549.7 530.67 
453.83 436.81 
721. 95 702.29 

1,134 .49 1,103.60 
9,007.15 8,761.88 

61.89 60 . 20 
2,248.35 2,187.13 
1,801.43 1,752.38 

each EHV scenario resul t s in an absol ute increase in pollutant level s f rom 
vehicle ope rat i on because ther e i s no comparable impact from CV ope r at i ons. 

D.3.3 Fuels Production Anal ysis 

Based on information pr ovided in Sec. B.4, t he total national discharge 
of significant waterborne pollutants is estimated for the production and 
t ranspor t t o utilit i es and/or service s t ations ( or other vehicle servicing 
faci l i ties) of fuels required for EHV and CV oper at i on. Tables D.65-D. 70 
summari ze the pollutant loadings associated wi th fuels production for the f i ve 
s cenar ios in 2000. Table D. 71 provides a comparison of the fue l product i on 
d i scharges between each of the EHV scenari os and the discharges from fuel 
production for CVs . Compar i sons are not provided for pol l utants for which no 
appreciable CV contribution could be identifi ed. 

The result s indica te that ERV market penetration leads to a reduction 
of TDS, BOD5 , COD5 , chromium, and organics in the fuel product ion phase. 
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Table D.65. Water Res i duals from Fuels Produced 
and Tr ansported to Util ity for EHV 
Operation, LOW I, 2000 (Short tons) 

Residual Uranium 

TDsa 
Tssb 
BOD~C 
COD 
Sulfate/sulfide 30 . 2 
Sulfate/ sulfite 
Sulfide 
Aluminum 
Iron I. 2 
Zinc 
Nickel 
Magnanese 
Chromium 
Nitrate 101. 9 
Chloride 22 .6 
Fluoride 122.5 
Ammoni a 45 . 3 
Organics 

aTotal dissolved solids. 

htotal suspended solids. 

Coal 

19 , 579.0 
810 . 7 

10,134 .o 

133.3 
1,035.4 

4.9 
2.4 

26.9 

300.0 
4. I 

44.5 

csiological oxygen demand (five-day) . 

dchemical oxygen demand. 

Oil 

14,402 . 0 
4.7 
5 . 2 

32 .4 

0.02 

0.05 

1.2 
53.8 

eTotal of sulfate/sulfide , sulfate/sul fite, sulfide rows . 

Total 

33,981.0 
815.4 

5.2 
32 .4 

10,164 .22e 

133. 3 
I ,036 .6 

4 .9 
2.4 

26.9 
0.05 

101 .9 
322 . 6 
126 .6 
91.0 
53.8 

Tabl e D. 66 . Wat er Residuals from Fuels Pr oduced 
and Transported to Ut ility and Service 
Stat i on for EHV Operat i on , LOW I I , 
2000 (short t ons) 

Res idual Uranium Coal Oil Gasoline Total 

TDsa 38,332.0 30 , 381.0 30,085.0 99,248 .0 
tssb 1,587.3 10 . 1 9.9 1,607.3 
BODt 11. 2 10.8 22.0 
COD 69.3 67 . 3 136.6 
Sulfate/sulf i de 58 . 3 
Sulfate/sulfite 19,841 .0 I .99xl 04e 
Sul fide 0.04 0 .04 
Alumi num 260 .9 260 . 9 
I ron 2.3 2,027.1 2,029 .4 
Zinc 9 . 7 9.7 
Nickel 4.8 4.8 
Manganese 52. 7 52. 7 
ChromiU1U 0 . 1 0.09 0.2 
Nitrate 196.7 196.7 
Chl oride 43.7 587 .3 63 l . 0 
Fluoride 236 . 5 7.9 244 .4 
Ammonia 87.4 87.1 2.7 2 . 7 179 .9 
Organics ll 5. I 111. 3 226 .4 

aTot al dissolved solids, 

bTotal suspended sol ids. 

cBiological oxygen demand ( five-day) . 

dChemical oxygen demand. 

eTotal of sul fate/sulfide, sulfate/sulfite , and sulfide rows. 
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Table D.67. Water Residuals from Fuels Produced 
and Transported to Util ity for EHV 
Operation, MEDIUM, 2000 (short tons) 

Residual Uranium Coal Oil Total 

TDS 4 59,440.0 49,326.0 108,766.0 
Tssb 2,461.3 16 . 2 2,477.5 
BODac 17.9 17.9 
COD 110 . 8 110 . 8 
Sulfate/sulfide 89.9 
Sulfate/sulfite 30,766.0 3.lxl04e 
Sul£ ide 0.06 
Aluminum 404.6 404.6 
Iron 3.6 3,143.3 3,146 . 9 
Zinc 15.0 15 .0 
Nickel 7 .4 7.4 
Manganese 81. 7 81. 7 
Chromium 0.2 0 . 2 
Nitrate 303.4 303.4 
Chloride 67 .4 9l0 . 7 978. I 
Fluoride 364.7 12.3 377 .o 
Ammonia 134.8 135.1 4.3 274 . 2 
Organics 184.2 184.2 

4 Total dissolved solids. 

bTot al suspended solids. 

Csiological oxygen demand (five-day). 

dchemical oxygen demand. 

eTotals of sulfate/sulfide, sulfate/sulfite, sulfide rows. 

Table D. 68. Water Residuals from Fuels Produced 
and Transported to Utility for EHV 
Operation, HIGH I, 2000 (short tons) 

Residual 

TDS 8 

TSsb 
BOD5c 
cooa 
Sul fate/ sulfide 
Sulfate/sulfite 
Sulfide 
Aluminum 
Iron 
Zinc 
Nickel 
Manganese 
Chromium 
Nitrate 
Chloride 
Fluoride 
Ammonia 
Organics 

Uranhnn 

275.2 

11.0 

928.8 
206 .4 

1,116.6 
412.8 

8Total dissolved solids. 

bTotal suspended solids. 

Coal 

l .95xJ05 
8,065 . 2 

l.008xl05 

1,325.9 
10,300. I 

49 . 2 
24. 2 

267.8 

2,984 . 1 
40.3 

442 .8 

cBiological oxygen demand (five- day) . 

dChemical oxygen demand. 

Oil 

1. 80xl05 
59.3 
65.5 

405.5 

0.2 

0.6 

15.6 
673.7 

eTotals of sulfate/sulfide, sulfate/sulfite, sulfide rows. 

Total 

3.75xl05 
8,124.5 

65 . 5 
405 . 5 

1,325.9 
10,311.1 

49 . 2 
24. 2 

267 .8 
0.6 

928 . 8 
3,190.5 
1,156.9 

871.2 
673 . 7 
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Table D.69. Water Residuals from Fuels Produced and Transported 
to Utility and Service Station for EHV Operation, 
HIGH II, 2000 (short tons) 

Residual Uranium Coal Oil Gasoline Total 

Tnsa l .89xl05 l . 75xl05 1. 28xl o5 4 . 92xl05 
Tssb 7,818.2 57.4 42.8 7,918 .4 
BODf 63.4 46 . 7 110 .1 
COD 392.5 292 . 0 684.5 
Sulfate/sulfide 267.0 
Sulfate/ sulfite 9. 77xl 04 9.8xl04e 
Sul fide 0 . 2 0.2 
Aluminum 1,285.3 1,285.3 
Iron 10.7 9,984.7 9,995 .4 
Zinc 47.7 47 . 7 
Nickel 23.5 23.5 
Manganese 259.6 259.6 
Chromium 0.6 0.4 1.0 
Nitrate 901.2 901.2 
Chloride 200.3 2,892.7 3,093.0 
Fluoride 1,083 . 5 39.1 1,122.6 
Ammonia 400.5 429 .2 15.1 11. 7 856.5 
Organics 652.1 428.8 1,134.9 

aTotal dissolved solids. 

bTotal suspended solids. 

cBiological oxygen demand (five-day). 

dchemical oxygen demand . 

eTotals of sulfate/sulfide, sulfate/sulfite, and sulfide rows. 

However, very large increases in sul fate/sulfite/sulfides occur, along with 
increases in TSS, ammonia, nitrates, chloride, fluoride, and certain metal s. 

D.3 .4 Total Water Pollutant Analysis 

Table 3.20 sums the water pollutants from all phases of vehicle produc
tion, vehicle operation, and fuels production. Using that table as a base, 
Table D. 72 compares the water discharges associated with the EHV scenarios 
with the discharges associated with an equi valent number of CVs ope rating 
equivalent VMT. For almost all water pollutants , the pollutant load of the 
EHV scenarios is greater than the load for an equivalent number of CVs. 
Comparisons are not shown for pollutants for which no appreciable CV contribu
tion could be identified . 

To provide perspective for the evaluation, the pol l utant loads shown 
in Table 3. 20 are compared with known 1975 national waterborne pollutant 
levels (see Table D. 73). Table D. 74 shows the ratio of EHV and CV produc
tion-related water pollutants to the 1975 national background levels of 
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Table D.70. Water Residuals from the Production and Transport to 
Service Station of Gasoline and Diesel Fuel Required 
by CVs Operating the Same VMT as EHVs, by Scenario, 
2000 (short tons) 

Residual LOW I LOW II 

Tnsa l.218xl05 2.364xl05 
Tssb 40.0 
BODt 43.7 
COD 273.0 
Sulfide 0 .15 
Chromium 0.36 
Ammonia 10.9 
Organics 451.0 

aTotal dissolved solids. 

bTotal suspended solids. 

77 .6 
84.7 

529.4 
0.28 
0. 71 

21.1 
874.9 

Scenario 

MEDIUM 

3 . 849xlo5 
126.4 
138.0 
863.2 

0.46 
1.16 

34 . 3 
1,425. 2 

CBiological oxygen demand (five-day). 

dchemical oxygen demand. 

HIGH I 

l.228x106 
403.2 
440.0 

2,751. 1 
1.5 
3.7 

109.7 
4,545.5 

HIGH II 

l.219xl06 
400 .1 
436.5 

2,728.4 
1.5 
3.6 

109.0 
4,509.9 

Table D.71. Ratio of EHV Fuels Production Water Discharges to Fuels 
Production Discharges for CVs Operating the Same VMT as 
EHVs, by Scenario, 2000 

Residual 

TDsa 
Tssb 

BODt 
COD 
Sulfate/sulfite/sulfide 
Chromium 
Ammonia 
Organics 

aTotal dissolved solids. 

bTotal suspended solids. 

LOW I 

0 . 28 
20 .4 

0 .12 
0.12 

6 .8xl04 
0.14 
8.3 
0 .12 

CBiological oxygen demand (five-day). 

dchemical oxygen demand . 

LOW II 

0.42 
20 . 7 
0.26 
0.26 

7.lxl04 
0.28 
8 . 5 
0 . 26 

Scenario 

MEDIUM HIGH I HIGH II 

0.28 0.31 0.40 
19.6 20.2 19.89 

0 .13 0 .15 0.25 
0 .13 0.15 0.25 

6. 7xl04 6. 7xl04 6. 5xl05 
0.17 0 .16 0.28 
8.0 7. 9 7.9 
0 . 13 0.15 0.25 
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Tabl e D.72 . Ratio of EHV Water Discharges to CV Discharges from 
Vehicle Production, Vehicle Operation , and Fuels 
Production and Transport, by Scenario, 2000a 

Scenario 

Residual LOW I LOW II MEDIUM HIGH I HIGH II 

Tosb 0.91 1.05 0 . 89 0.93 1.01 
Tssc 9 .0 9.2 9.4 10.0 9 . 5 
BOD5d 1.5 1.8 1.6 1. 7 1.9 
cone 41 42 40 41 40 
Sulfate/sulfite/sul fide 9.9xl 04 10.4xl 04 9.8xl04 9. 9xl04 9 . 6xl05 
Lead 3 . 5 3.2 1.4 1.4 1.3 
Zinc 144 194 152 194 176 
Chromi um/chromate 22 22 21 20 20 
Ammonia 9.0 9 .1 8.6 8.6 8.5 
Oil and grease 3.6 3.5 2.4 1.8 1.6 
Organics 0.56 0. 70 0.54 0.54 0 . 64 

asame number of CVs produced as EHVs in each scenario and CVs operate same VMT 
as EHVs in each scenario. 

bTotal dissolved solids. 

CTot al suspended solids . 

dBio l ogical oxygen demand (five-day). 

echemica l oxygen demand. 

Table D.73 . Estimated Discharge of Selected Water Residuals, 
1975 Backgr ound National Loading (lb/yr) 

Residual Discharge Residua l Discharge 

Tssa 1.50 X 1Ql3 Boron NAb 
TDSC 8.36 X loll Cadmium 2.86 X 107 
Ammonia NA Copper 1.08 X 1Q8 
Sulfate 3.74 X lQll Chromium NA 
Oi l and grease NA Lead 4.4 X 108 
Phosphorus 1.19 X lQ9 Iron 1.12 X 1010 
Chlorine NA Mangenese 1 .43 X 108 
Potassium 2 . 02 X 1010 Mercury 6 . 38 X 105 
Al uminum NA Nickel NA 
Arsenic 1.63 X 107 Selenium NA 
Barium NA Zinc 2.64 X 109 

aTotal suspended solids. 

bNot available. 

cTotal dissolved solids . 

Source: Ref. D. 27 . 
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pol l utants for which informat i on is available. Comparisons are not made for 
pol l utants that may hav e been underestimated in Table 3.20 . As can be seen 
in Tab le D.74 , the magnitude of the emissions is very low in comparison with 
national t otals. 

D. 4 SOL ID WASTE 

This analysis discusses the solid was t e generated from the manufacture, 
oper ation (including fuels production fo r operation) , and disposal of EHVs as 
it compares with the so l id waste generated by a corresponding number of CVs. 
The year 2000 was chosen for anal ys i s, since i t was assumed that impacts of 
earlier assessment years woul d be relatively insignificant . 

D .4 .1 Vehicle Production An alysis 

In the manufacture of EHVs and CVs, several principal metals are 
required, inc l uding i r on, steel, aluminum , nickel, zinc, copper, lith i um, and 
l ead. The production of these primary metals involves mining, mi l ling, 
smelting , and refining of ores. Although the product ion processes for these 
metal s vary, there are certain common types of process solid wastes: ( 1) 
waste roc k from mining operations, (2) tailings f r om mi l ling and concentrat i ng 
operations , and (3) slags from smelting operat i ons . These wastes often 
contain hazar dous material s and are usual l y deposited on land. Waste accumu
lat i ons may resul t in denudation of land, alteration of surface and subsurface 
drainage patter ns, c l ogging of stream channels, flood ing, water pol lution, 
e r os i on and sedimentation , and general disruption of local ecosystems. 

The quant i ties of solid wastes gener ated during the manufacturing stage 
for each of the five scenarios and an analysis of their potential impact is 
presented in the following section. The analysis i s based on emission 
est i mates presented in Sec. B.3 for the production of 100,000 vehic l es 
under each scenario. These estimat es assmne present materials recycling 
rates. If the rates were to i ncrease, the total solid waste loads associated 
with vehicle production woul d likely decrease. 

Table D.74. Ratio of Year 2000 Total EHV and CV Water Pol l utant 
Discharges to 19 75 National Background Dischargesa 

Scenario 

LOW I LOW 11 MEDIUM HIGH I HIGH II 

Pollutant EHV CV EHV CV EHV CV EHV CV EHV CV 

TOSb 2 . 7xl0-4 2.9xlo- 4 6. Ox10-4 5.6x10-4 1.4xl0- 3 9.3xlo- 4 2 . 8x10-3 3 .ox10- 3 3.0xlo- 3 2. 9xl0-3 

TSSC 1 .4xlo- 7 1.sx10-8 2 . 7xl0-7 2.9x10-8 4.5xlo-7 4.8x10-8 1 . 4x10-6 l .4xl0- 7 l .4xI0-6 1. sx10-7 

Zinc 2.2xlo-5 l.Sxl 0-7 4 . 4x10-5 2. 3xl0-7 6.9x10-S 4.Sx10-7 2 . 3x10- 4 1. 2xlo-6 2 . 3xl0-4 1 . 3x10- 6 

Phosphorus 2 .9x10-4 5 . 7xl o-4 8.9xl0-4 2. 8x10-3 2.7xlo-3 

asame number of CVs produced as EHVs in each sc enario and CVs operate same VMT as EHVs i n each scenario . 

brotal dissolved sol i ds . 

cTotal suspended solids. 
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D.4.1.1 Waste Rock Generated by Mining 

Waste rock is produced during the exploration, development, and mining 
of ore deposits. It is disposed of in waste rock piles or tailings ponds, 
used for construction of tailings dams and mine roads, or used for mine 
backfill. The major problems associated with waste rock are: (1) alteration 
of surface drainage patterns, (2) sedimentation from storm runoff associated 
with surface mines, (3) destruction of vegetation, (4) effects on existing 
land-use patterns, and (5) local flooding or clogging of stream channels from 
storm runoff. The pollution impacts of waste rock are usually insignif
icant, because the mineral content is similar to that of the background 
environment. 

Table D.75 projects the total quantities of waste rock generated by the 
mining of nickel, zinc, copper, bauxite for aluminum, iron (for iron and steel 
requirements), lithium, and lead for EHVs and an equal number of CVs under 
each of the five scenarios in 2000. Based on these data, the increase in 
waste rock from mining for EHVs over CVs is presented in Table D.76. Table 
D.77 estimates the increases in land area required for disposal of waste r ock 
from EHV production over CV production. 

All five EHV scenarios require additional land for waste rock dis
posal. The LOW I, LOW II, and HIGH II scenarios result in the need for an 
additional 37, 70, and 44 acres, respectively, in 2000. Much of this acreage 
is required for the disposal of waste rock from lead mining operations. 
Considering that most mining operations invol ve thousands of acres and that 
waste rock is often used in the mining operations for roads and dams or for 
reclamation purposes, these acreages do not appear significant. However, much 
of this waste rock may be generated in Iron County, Missouri, in which most 
domestic lead mining now occurs. While the total volume of waste rock in this 
geographical area may not be especially significant, effective disposal 
methods will have to be followed to avoid adverse impact. 

Waste rock increases in the MEDIUM and HIGH I scenarios are more 
substantial. An additional 679 acres of land in the MEDIUM scenario are 
required for EHVs over the seven acres required for the production of the same 
number of CVs. In the HIGH I scenario, an additional 7335 acres are required 
for ERV-related waste rock disposal over the 19 acres required for the same 
number of CVs. While lead mining contributes somewhat to these totals, almost 
all of this additional acreage is due to the large amounts of waste rock 
generated during lithium extraction (96% in MEDIUM and 99% in HIGH I). 

The addition of 12 million tons of waste rock from lithium mining in 
the MEDIUM scenario and 133 mill ion tons of such waste rock in the HIGH I 
scenario could substantially affect surface drainage patterns, vegetation, and 
land-use patterns in the lithium mining areas. Much of the lithium mining is 
expected to occur in a few specific areas of the Carolinas, as well as Nevada, 
Utah, and California, under the HIGH I scenario. Further, the amounts given 
here are for one year only. Thus, the amount of waste rock generated by 
lithium extraction and the additional acreage requirements for these two 
scenarios, particularly for HIGH I, appear to be very significant. 

One note of caution is necessary. These lithium projections assume 
100% ore extraction from pegmatite and other sources of spodumene. However, 



Table D. 75. Total Quantit ies of Was t e Rock Generated in EHV Production and 
Production of the Same Number of CVs , by Scenario, 2000 (tons ) 

Scenar io 

LOW I LOW II MEDIUM HIGH I HI GH II 
Material ERV CV EHV CV EHV CV ERV CV ERV CV 

Nickel 766.5 - 766.1 - 8,198.6 - 21,308.7 - 25,660 . 9 
Zinc oxide 300 . 8 - 301.1 - 3,257.5 - 8,495.2 - 10,238.9 
Copper 889 .4 - 1,548.0 - 2,670 . 5 - 8,260.5 - 8,076.2 
Al uminum 10 , 313.9 11 , 309.6 22 , 788.1 21,369.4 34,484.3 35 , 305.2 122,599.7 103,528 . 7 114,207.2 110,907 
Steel 23,934.2 23,212.9 45 ,583.0 42,648 . 9 75 , 265.3 72,829.0 220,824.8 205,168.4 230,814.0 218 , 938 
Iron 3,945 . 2 3,693 . 5 9 ,549.8 6,518.8 12 ,805.1 11 ,604.6 49,039.9 30 ,986.0 45 , 592 . 9 32,394 
Lithium - - - - 12 ,005,670.7 - 133,434 ,836. 7 

Lead 682,240.8 - 1,274 ,899. 2 - 408 , 515.9 - 817,876.5 - 736,197.6 

Total 722 , 390.9 38,216.0 1 , 355,435.3 70,537 . 1 12,550 ,867.9 119,741.8 134,683,242.0 339 . 683. 1 1,170 , 787.7 362 , 239 w 
0\ .... 
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Table D.76. Comparison of Waste Rock Generated in ERV Production and 
Production of the Same Number of CVs, by Scenario, 2000 

Scenario 

LOW I LOW II MEDIUM HIGH I HIGH II 

Waste rock (tons) 

EHV 722,390.9 1,355,435.3 12,550,867.9 134,683 , 242.0 1,170,787.7 

CV 38,216.0 70,537.1 119,741.8 339,683.1 362,230.9 

EHV - CV (tons) 684,174.9 1,284,898.2 12,431,126. l 134,343,558.9 808,556.8 

EHV 18.9 19.2 
CV 

104.8 396 .s 3.2 

increased demand for lithium might, to some degree, be met by extraction of 
lithium from brines, which would decrease the total waste rock volumes 
shown here. 

D.4.1.2 Tailings Generated by Milling 

In the milling process, the ores are crushed and processed to produce 
concentrates. The quantities of tailings generated vary wi th the percentage 
of metals present in the ore and whether a mine is above or below the water 
table. The tailings usually are disposed of in tailings ponds. For mines 
below the water table, acid mine water is first discharged to the tail i ngs 
ponds . It is then pumped to a dispersion pond or wastewater treatment plant 
before being released into a river. The sludge from the treatment plant is 
often pumped back into the tailings pond. For relatively dry mines, the 
tailings pond functions as a landfill site. When a tailings pond is full, it 
is covered with soil and revegetated. 

The environmental impact of tailings depends on the chemical composi
tion of the tailings and the disposal methods. In general, tailings contain 
various heavy metals, salts, acids or bases, and synthetic organics (agents 
used in the concentrating process), many of which are potentially hazardous. 
Significant impacts can occur if these hazardous materials leach out of the 
tailings pond . 

Table D.78 projects the total quantities of tailings from nickel, zinc 
oxide, copper, aluminum, steel, iron, and lead for EHVs and an equal number of 
CVs under each of the five scenarios. Based on these data, increases in 
tailings from the milling process for EHVs over CVs is presented in Table 
D.79. 

Assuming that proper methods are used to dispose of tailings, the 
primary impact is one of total land area consumed. For the five scenarios, 
Table D.80 shows the increases in land area for the disposal of tailings for 
EHVs over CVs. In all five EHV scenarios, an increase in tailings and the 
land area required for their disposal occurs. The smallest increase is an 
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Table D.77. Land Area Required for Disposal of Waste Rock Generated 
in ERV Production and Production of the Same Number of 
CVs, by Scenario, 2000 

Waste rock generat ed by 
EHV mining 

Quantity (tons) 

Land area for 
disposal (acres)a 

Waste rock generated by 
CV mining 

Quantity (tons) 

Land area for 
disposal (acres)a 

EHV land area - CV 
1 and area 

EHV land area 
CV land area 

Scenario 

LOW I LOW I I MEDIUM 

722,390 . 9 1,355,435 . 3 12,550,867.9 

39 .44 74.01 685.28 

38,216.0 

2.09 

37.35 

18. 9 

70,537.1 

3.86 

70 . 15 

19.2 

119,741.8 

6.55 

678.73 

104.6 

HIGH I 

134,683,242 

7,353.70 

339,683 . 1 

18 .58 

7 ,335.1 2 

395.8 

HIGH II 

1,1 70,787 .7 

63.93 

362,230. 9 

19. 8 1 

44 .12 

3.2 

aAverage weight of waste rock assumed to be 140 l b/ft3, and land area 1s taken to be fill to an 
average depth of 6 ft. 

additional 111 acres required for tailings disposal in the MEDIUM scenario, 
and the greatest increase is 348 acres in LOW II. The greatest proportion of 
the increases is due to tailings from the milling of lead. This acreage is 
not necessarily significant at the national level. However, most of this 
country's lead mining operations occur in Iron County, Missouri, and it 
is reasonable to assume that the lead is milled there too. For perspective , a 
connnunity of 100,000 people typically generates enough solid waste yearly to 
fill a land area of approximately 20 acres to a depth of six feet.D.29 

Most of the tailings from milling lead ores are considered potentially 
hazardous, because they contain hazardous materials above the naturally 
occurring background leve ls. Thus, it is particularly important to use proper 
disposal methods for tailings from lead milling. 

D.4.1.3 Slag Generated by Smelting 

Slag is a by-product waste of the smelting process, which converts an 
ore or concentrate into the primary metal. Most of the slags generated by the 
metals industry are disposed of on land, and these waste piles often are 
extremely unsightly. More importantly , leachates from slag piles may contri
bute significantly to surface and groundwater pollution. Loss of vegetation 
and aquatic life result ing from adjacent slag piles is not unconnnon. 

Table D.81 projects the total quantities of slag from iron, steel, 
nickel, copper, zinc oxide, and lithium sulfide/lithium chloride for EHVs and 
an equal number of CVs under each of the five scenarios for the year 2000. 



Table D.78. Total Quantities of Tailings Generated in EHV Production and Production 
of the Same Number of CVs, by Scenario, 2000 (tons) 

Scenario 

LOW I LOW II MEDIUM HIGH I HIGH II 
Material EHV CV EHV CV EHV CV EHV CV EHV CV 

Nickel 142 .4 - 142.6 - 1,524.1 - 3,963 . 2 - 4,773.0 

Zinc oxide 22.5 - 22 . 6 - 244.5 - 637 . 2 - 767.9 

Copper 76.3 - 128.4 - 228.3 - 708.4 - 689.9 
Aluminum 143,530.7 157,057.2 316 ,942.9 296,874.4 479,014 .6 490,784.0 1,703,682.4 1,442,136.2 1,586,002.5 1,537,260.1 

Steel 36,371.1 35,281 . 5 69,270.7 64,828.0 114,398.6 110 , 703.0 335,650.8 311,893.7 350,832.8 332,760.6 
Iron 6,000.5 5,613.5 14 , 518.5 9,909 . 7 19,466.6 17,642.3 74,577.0 47,114.6 69,289.2 49,229.8 
Lithium 

Lead 3,638,617.7 - 6,799 ,462.6 - 2,178,751.3 - 4 , 362,008.1 - 3,926,387.4 

Total 3,824,761 . 2 197,952 . 2 7,200,488 . 3 371 , 612.1 2,793,627.8 619,129.3 6,481,227.1 1 ,801, 144 . 5 5,938,742.7 1,919,250.5 
w 
°' ~ 
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Table D.79. Comparison of Tailings Generated in EHV Production and 
Production of the Same Number of CVs, by Scenario, 2000 

Scenario 

LOW I LOW II MEDIUM HIGH I HIGH II 

Tailings generated (tons) 

EHV 3,824,761 .2 7,200,488 . 3 2,793,627.8 6,481,227.1 5,938,742.7 

CV 197,952 . 2 371,612 . 1 619,129.3 1,801,144.5 1,919,250.5 

EHV - CV (tons) 3,626,809.0 6,828,876.2 2,174,498 . 5 4,680,082.6 4,019 ,492.2 

EHV 
19.3 19.4 4.5 3.6 cv 3 . 1 

Based on these data , the increases in slag from the smelting process for EHVs 
over CVs is presented in Table D.82. This table shows that the increase in 
slag from EHVs over CVs is substantial for all scenarios. Since slag is 
disposed of on land, increases in the land areas necessary for disposal also 
occurs for each of the scenarios (see Tab le D.83). 

The LOW I and LOW II scenarios result in the smallest increases in land 
for slag disposal: 1.11 and 1.71 acres, respectively. The HIGH II and MEDIUM 
scenarios result in increases of 18-27 acres. For both of these increases, 
the potential environmental impact could be severe if proper methods of slag 
disposal are not fol lowed. Leachates from the slag could contribute signif
icantly to both surface and groundwater pollution. 

The HIGH I scenario results in much higher increases, with an addi
tional 248 acres required for slag disposal. This substantial acreage is due, 
in large part, to the slag disposal associated with lithium refining (93% of 
total HIGH I slag). Again, the potential environmental impact could be severe 
if proper methods of slag disposal are not used. 

Because of potential environmental problems and land requirements for 
the disposal of metal smelting slags, metal industries have been investigating 
ways of using slag. Slags from zinc sme 1 ters can be used as construct ion 
aggregates, as are slags from iron smelters. Some slag from nickel smelters 
has been used as fertilizer. It is not known whether slags from lithium 
refining could be simil arly used. Reuse of discarded slag could minimize 
disposal impacts and could prove to be significant in the various scenarios. 

D.4.1.4 Solid Wastes Generated during Battery Manufacture 

Depending on the battery system employed, various quantities and types 
of solid wastes are generated during the production of batteries. Most of the 
solid wastes generated in the Pb/acid battery assembly trajectory are recycled 
and are not considered solid waste. Rejected battery grids, plates, or 
retrieved waste lead are all recycled, either at the battery plant or at a 
secondary lead plant. Solid wastes in the form of reject plastic generated 
during container and separator manufacturing are considered negligible. 



Table D.80. Land Area Required for Disposal of Tailings Generated in EHV Production 
and Production of the Same Number of CVs, by Scenario, 2000 

Tailings generated by EHV 
milling 

Quantity (tons) 

Land area for disposal 
(acres)a 

Tailings generated by CV 
milling 

Quantity (tons) 

Land area for disposal 
(acres)a 

EHV land area - CV land 
area 

EHV land area 
CV land area 

LOW I 

3,824,761.2 

195.06 

197,952.2 

10.10 

184. 96 

19.3 

LOW II 

7,200,488.3 

367.22 

371,612.1 

18.95 

348 . 27 

19.4 

Scenario 

MEDIUM 

2,793,627 . 8 

142.48 

619,129.3 

31.58 

110.9 

4 .5 

HIGH I 

6,481,227.1 

330.54 

1,801,144.5 

91.85 

238.69 

3.6 

HIGH II 

5,938 , 742 . 7 

302.88 

1,919,250 . 5 

97.88 

205 

3.1 

aAverage weight of tailings assumed to be 150 lb/ft3, and land area is taken to be fill to an 
average depth of 6 ft. 

\.,) 

Q\ 
Q\ 



Table D.81 . Total Quantities of Slag Generated in EHV Production and Production 
of the Same Number of CVs, by Scenario, 2000 (tons) 

Scenario 

LOW I LOW II MEDIUM HIGH I HIGH II 
Material EHV CV EHV CV EHV CV EHV CV EHV CV 

Iron 197.3 184.1 477 .5 325.2 635 . 5 576.7 2,470.2 1,562 . 0 2,287.1 1,612.2 
Steel 1,375.2 1,336.5 2,622.7 2,453 .9 4,331.1 4,187.6 12,714.0 11,795.0 13 , 310 . 4 12,598 . 0 
Nickel 151.0 - 150.9 - 1,614.8 - 4,195.6 - 5,054.2 
Copper 18,189.7 - 31,673.5 - 54,625.3 - 160,991.5 - 165, 199.2 
Zinc oxide 7 ,089.9 - 7,097 .6 - 76,784.7 - 200,239.7 - 241,311.6 
Lithium - - - - 476,643.0 - 5,297,562.2 

Total 27 ,003.1 1,520.6 42,022.2 2, 779 .1 614,634.4 4,764.3 5 , 686,173.2 13,357.0 427, 162 . 5 14,210.2 
w 
0--
-..J 
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Table D.82. Comparison of Slag Generated in EHV Production and Production 
of the Same Number of CVs, by Scenario, 2000 

Slag (tons) 

EHV 

CV 

EHV - CV (tons) 

EHV 
CV 

LOW I 

27,003.1 

1,520.6 

25,482.5 

17.6 

LOW II 

42,022.2 

2,779.1 

39,243.1 

15.1 

Scenario 

MEDIUM 

614,634 . 4 

4,764.3 

609,870.1 

129.0 

HIGH I 

5,686,173.2 

13,357.0 

5,672,816.2 

425.7 

HIGH II 

427,162.5 

14,210.2 

412,952.3 

30.1 

Solid wastes from Ni/Zn and Ni/Fe battery assembly are primarily 
sludges containing nicke 1 hydroxide and nickel nitrate salts, plastics, and 
scrap residues. The actual amounts of sludge and the degree of hazard 
will depend on the manufacturing processes (still to be developed) and the 
wastewater treatment method selected. 

Solid wastes from Li/S battery assembly are unknown at this time, 
but it is anticipated that a certain amount of solid waste will be generated 
by the production process. There will be high risk of explosion or fire, 
because the wastes will contain lithium or lithium compounds, which react 
vigorously with water to release hydrogen gas and heat. The disposal of 
lithium containing solid wastes must be handled with extreme care. 

The solid wastes generated by battery assembly are thought to be 
negligible. No quantification of total quantities or land area required 
for disposal is made in this analysis. At the outside, the land required 
for disposal would be less than 0.01 acre for the highest of the scenarios. 
Provided that these solid wastes can be safely disposed of, their impact 
should be negligible. 

D.4.1.5 Solid Wastes Generated during Lead Processing 

Waste rock and tailings from lead processing have already been 
discussed. Lead processing also produces slags and sludges. These materials 
contain lead hydroxide and lead sulfate, both of which can be extremely 
toxic. As these materials ar.e usually deposited in a landfill , there is a 
high potential for lead contamination in the environment if they were to leach 
out of the disposal sites. 

Table D.84 projects the total quantities of solid wastes generated 
during lead processing for the five EHV scenarios in 2000. Of the five 
scenarios, the LOW II scenario requires the most land for disposal, i.e., 
12.72 acres. The MEDIUM scenario requires the least land, i.e., 4.08 acres. 
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Table D.83. Land Area Required for Disposal of Slag Generated 
in EHV Production and Production of the Same 
Number of CVs, by Scenario, 2000 

Slag generated by EHV 
smelting 

Quantity (tons) 

Land area for disposal 
(acres)a 

Slag generated by CV 
smelting 

Quantity (tons) 

Land area for disposal 
(acres)a 

EHV land area - CV land 
area 

EHV land area 
CV land area 

LOW I 

27,003.1 

1.18 

1,520.6 

0.07 

LOW II 

42,022.2 

1.83 

2,779.1 

0 .12 

l. 71 

15.3 

Scenario 

MEDIUM 

614,634.4 

26.85 

4,764.3 

0.21 

26.64 

127.9 

HIGH I 

5,686,173.2 

248.44 

13,357.0 

0.58 

247.86 

428.3 

aAverage weight of slag assumed to be 175 lb/ft3 , and land area 1s taken to be fill 
to an average depth of 6 ft. 

D.4.1.6 Solid Wastes Generated during Plastics Manufacturing 

HIGH II 

427,162.5 

18. 7 

14,210.2 

0.62 

18.08 

30.2 

Table D.85 projects the total quantities of solid wastes generated 
during the manufacture of plastics for EHVs and an equivalent number of CVs by 
scenario in 2000. From the quantities in Table D.85, the land areas required 
for the disposal of solid wastes have been projected and are shown in Table 
D.86. In all of the scenarios, the average increase in land area required for 
disposal of solid wastes from EHVs as compared to CVs is 50%. Although 
this appears substantial, a review of the actual land area increase (0 .14 
acres for LOW I and 1.18 acres for HIGH II) shows that the added acreage 
is extremely small and insignificant. 

D.4.1.7 Solid Wastes Generated from Potassium Hydroxide 

Potassium hydroxide is produced as a coproduct of chlorine manufacture 
if potassium chloride is used as a raw material. The solid wastes generated 
are usually brine purification muds and sludge from wastewater treatment, both 
of which contain toxic materials, including asbestos, lead carbonate, and 
chloroform. Since land disposal of these wastes is current pr act ice in the 
industry, safeguards must be provided to prevent leaching of these toxic 
substances. 

Table D.87 projects the total quantities of KOH wastes and the corre
sponding land areas for disposal for the five EHV scenarios. The HIGH sce
narios require the greatest acreage for disposal -- 2.5-3.0 acres each. 
Because of its potential toxicity, KOH-related solid wastes can be extremely 
hazardous and produce substantial impacts at disposal sites. 
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Table D.84 . Total Quantities of Solid Wastes 
(slag and sludge) from Lead Pro
cessing in EHV Production and 
Land Area Required for Their 
Disposal, by Scenario, 2000 

EHV Solid Land Area for 
Scenario Waste (tons) Disposal (acres)a 

LOW I 155,655.7 6.81 
LOW II 290,872.6 12. 72 
MEDIUM 93,204.2 4.08 
HIGH I 186,598.6 8 .16 
HIGH II 167,966.3 7.34 

aAverage weight of solid waste assumed to be 
175 lb/ft3, and land area is taken to be 
fill to an average depth of 6 ft. 

Table D.85. Comparison of Total Solid Wastes Generated from Plastics 
Manufacturing in EHV Production and Production of the 
Same Number of CVs, by Scenario, 2000 

Scenario 

LOW I LOW II MEDIUM HIGH I HIGH II 

Solid waste (tons) 

EHV 4,827.8 8,830.1 14,570.5 41,665.8 45,892.0 

CV 3,088.5 5,878.7 9,627.4 28,515.8 30,557.7 

EHV - CV (tons) 1,739.3 2,951.4 4,943.1 13,150 15,335.1 

EHV 
1.6 1.5 1.5 1.5 1.5 

CV 

D.4.1.8 Solid Wastes Generated from Potassium Chloride 

Potassium chloride is produced by solution mining or dry m1.n1ng of 
sylvite ores . Solution mining does not involve any significant discharge of 
solid wastes, which consist mainly of sodium chloride, silica, and alumina. 
Minor amounts of magnesium sulfate and potassium sulfate also are released as 
waste . Potassium chloride itself is released in brine solution. Major toxic 
impacts are not anticipated from such wastes. 

Table D.88 projects the total quantities of KCl-related wastes and 
the corresponding land areas for disposal for the two EHV scenarios in which 
KCl-related wastes play a role. In the MEDIUM scenario, 10.04 acres would be 
required; in the HIGH I scenario, 110.71 acres. 
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Table D.86 . Land Area Required for Disposal of Solid Wastes from 
Plastics Manufacturing in EHV Production and Production 
of the Same Number of CVs, by Scenario, 2000 

Scenario 

LOW I LOW II MEDIUM HIGH I HIGH II 

Solid wastes generated 
from plastics 
manufacture for EHVs 

Quantity (tons) 4,827.8 8,830.1 14,570.5 41,665.8 45,892.8 

Land area for 0 .37 0.68 1.12 3.21 3.53 
disposal (acres)a 

Solid wastes generated 
from plastics 
manufacture for CVs 

Quantity (tons) 3,088.5 5,878.7 9,627.4 28,515.8 30,557.7 

Land area for 0.23 0.45 0. 74 2.20 2.35 
disposal (acres) a 

EHV land area - CV 0.14 0.23 0.38 1.01 1.18 
land area 
ERV land area 

1.6 1.5 
CV land area 1.5 1.5 1.5 

aAverage weight of solid waste from plastics assumed to be 100 lb/ft3, and 
land area is taken to be fill to an average depth of 6 ft. 

Table D.87. Total Quantities of KOH Solid Wastes in EHV 
Production and Land Areas Required for Their 
Disposal, by Scenario, 2000 

Scenario 

LOW I 

LOW II 

MEDIUM 

HIGH I 

HIGH II 

Solid Waste (tons) 

ERV 

1,745.9 

1 ,746.4 

18,567.9 

48,457.4 

58,007.6 

CV 
Land Area for 

Disposal (acres)a 

0.09 

0.09 

0.95 

2.47 

2.95 

aAverage weight of solid waste assumed to be 150 lb/ft3, 
and land area is taken to be fill to an average depth 
of 6 ft. 
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D.4.1.9 Summary 

Table D. 89 summarizes the additional land areas required for disposal 
of solid wastes generated by the production of EHVs and the same number of 
CVs. 

D.4.2 Vehicle Operation Analysis 

During the lifetime operation of a motor vehicle, certain types of 
solid wastes are generated, including tires, glass, engine parts, body parts, 

Table D.88. Total Quantities of KCl-Related 
Solid Wastes in EHV Production 
and Land Areas Required for 
Their Disposal, by Scenario, 
2000 

Scenario 

LOW I 
LOW II 
MEDIUM 

HIGH I 

HIGH II 

EHV Solid 
Waste (tons) 

170,539 
1,880 , 865 

Land Area for 
Disposal (acres)a 

10.04 
110.71 

aAverage weight of solid waste assumed to be 
130 lb/ft3, and land area is taken to be 
fill to an average depth of 6 ft. 

Table D.89. Additional Land Area Required for Disposal of Solid Wastes 
Generated by EHV Production over that Required by Production 
of the Same Number of CVs (acres) 

Scenario 

Residual LOW I LOW II MEDIUM HIGH I HIGH II 

Waste rock 37 . 35 70 .15 678.73 7,335 . 12 44. 12 

Tailings 184. 96 348.27 110.9 238.69 205.00 

Slag 1.1 1. 71 26.64 24 7. 86 18.08 

Lead 6.81 12. 72 4.08 8.16 7.34 

Plastics 0 . 14 0.23 0.38 1.01 1.18 

Potassium hydroxide 0.09 0.09 0 . 95 2.47 2.95 

Potassium chloride 10.04 110. 71 

Total 230.46 433 .17 831 . 27 7,944.02 278.67 
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batteries, and waste oil. When comparing solid wastes of EHVs with those of 
CVs during operation, many of the solid wastes generated are the same, both 
in type and quantity, for all vehicles. For instance, whether a vehicle is 
an EHV or a CV does not affect the replacement of glass, tires, and body 
parts. The forms and quantities of solid waste that are affected by vehicle 
type fall into several categories: discarded waste oi ls, engine parts, 
batteries, and power plant residues. 

D.4.2.l Waste Oil 

CV operation requires oil for engine lubrication. The oil must be 
replaced occasionally in order to replenish that lost during use and to remove 
oil that is dirty or has lost its lubricating ability. As a result, large 
quantities of oil are used each year. In 1974 approximately 1.1 x 109 gal 
oil were used for automobiles, of which almost 50% was lost during use.D.30 
Of the 0.6 x 109 gal that were removed from engines, close to 56% (0.34 x 109 
gal) were haphazardly discarded on land or in water bodies . 

By 2000, the quantity of waste oil generated and discarded in the 
environment will decrease substantially for several reasons.D.30 First, 
smaller engines and increased time between oil changes wil 1 significantly 
reduce oil needs. Second, it is estimated that no more than 30% will be 
discarded because of increased recycling. 

Based on the number of CVs and HVs projected for the year 2000, the 
quantities of waste oil and the amount discarded in the environment for each 
scenario are given in Table D. 90. Of the five scenarios , HIGH I and HIGH 
II generate the least quantity of waste oil discharged into the environment, 
with 51.0 x 106 gal and 53.8 x 106 gal, respectively. Although the LOW I, 
MEDIUM, and LOW II scenarios are slightly higher -- 58.8 x 106, 57.2 x 106, 
and 58.8 x 106 gal, respectively -- they are all relatively close, i.e., 
within 7 x 106 gal. 

When each of the EHV scenarios is compared to the discarded waste oil 
of the BASE scenario (59.8 x 106 gal), the following decreases are realized: 
LOW I, 1.8%; LOW II, 1.8%; MEDIUM, 4.4%; HIGH I, 14. 7%; and HIGH II, 10.2%. 
Even with these decreases, the 51.0-58.8 x 106 gal of discarded waste oil from 
the five scenarios will cause some environmental problems if discharged in 
high concentrations. For example, it requires 1 x 106 gal of oil in a water 
body of 1000 acres at a depth of 10 ft to create concentrations that are toxic 
in fresh water. This is equivalent to 1 gal of oi 1 per 3250 gal of water. 

Since the discharge of much of the waste oil is in rural areas and 
norma lly in small quantities (a gallon or less) and since a substantial 
decrease in waste oil is expected to occur between 1974 and 2000, pollution 
due to waste oil should be minimal. 

D.4.2.2 Parts/Maintenance 

The differences in the solid wastes generated by CV, HV, and EV parts 
are due to the engine and battery systems of the vehicles . One hundred per
cent recycling of the batteries and 95% recovery of the battery materials are 
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Table D.90. Discarded Waste Oil from HV and CV Operation, 
by Scenario, 2000a 

Scenario 

LOW l LOW 11 MEDIUM HIGH I HIGH II 

Number of RVs 174,150,580 174,150,740 169,433,870 151,236 , 110 159,273,980 
and CVs 

Oil used (gal/yr) 435,376,450 435,376,850 423,584,675 378,090,275 398,184,950 

Waste oil (gal/yr) 217,688,225 217,688,425 211,792 , 337 189 ,045,137 199 ,092,475 

Oil drained ( gal/yr) 195,919,402 195 , 919,582 190,613,104 170,140,623 179,183,228 

Oil d i scarded (gal/yr) 58,775,820 58,775,875 57,183,931 51,042,187 53,754 , 968 

BASE 
(all CVs) 

· l 77, 358 , 000 

443,395,000 

221,697,500 

19°9,527, 750 

59,858,325 

aThe calculations ar e based on the following assumptions : (1) two oil changes per year, (2) average 5-qt 
capacity for all vehicles , (3) 50% of oil used lost in operation, (4) 90% of used oil drained, and (5) 
30% of waste oil discarded. 

anticipated. Further , the propulsion system of the EV is extremely simple and 
efficient, requiring almost little or no maintenance. The electric motor 
(which is also present in the RV) is expected to easily outl ast the vehicle 
and can readil y be reused. Parts for the ERV motor are almost nonexistent, 
and the parts that may be required are normally those like brushes and bear
ings, which are small and produce insignificant amounts of solid waste. 
Therefore, this section focuses on the solid waste generated from the CV and 
RV engine systems, which do not have such a high recycling rate. Based on 
1972 data, 62% of parts sales were required for the engine and its fuel, 
ignition, cooling, and exhaust systems, none of which are present in the EV 
vehicle.D . 31 

For purposes of this analysis, the replacement rates projected for 
CVs are projected for RVs. The assumptions include an average 15% replacement 
of engine parts by weight over 10 yr; 50% recycling of replaced parts; 25% 
rebuilding of replaced parts, and 25% waste of replaced parts. Based on the 
number of CVs and HVs projected for the year 2000, the quantities of solid 
waste generated by engine parts for each scenario are given in Table D.91. 

Land area required for the disposal of solid wastes generated by 
vehicle parts is given in Table D.92. The HIGH I scenario requires the least 
land (1.55 acres), while the BASE scenario requires the most land (1.81 
acres); LOW I and LOW II require slightly less (1.78 acres). With a range of 
only 0.26 acres among all five scenarios and the BASE scenario, the difference 
is insignificant. When considered nationally, the 1.55-1.81 acres of land 
needed for disposal of solid waste parts are neg l igible . 

D. 4. 2.3 Power Plant Solid Wastes 

Solid waste is generated indirectly during operation of EHVs. Table 
D.93 projects solid wastes generated by coal and oil power plants for the 
production of electricity to recharge batteries. These quantities are then 
translated into land requirements for disposal: 27. 7 acres for LOW I; 54 .4 
acres for LOW II; 110.5 acres for MEDIUM; 280 . 4 acres for HIGH I; and 270.7 



Table D.91. Sol id Waste Generated by HV and CV Engine Parts, by Scenari o, 2000a 

Scenario 

BASE 
LOW I LOW II MEDIUM HIGH I HIGH II (all CVs) 

Number of HV 174,150,580 174,150,740 169,433,870 151 , 236, 110 159,273,980 177,358,000 
and CVs 

Weight replaced 372 , 247 372 , 247 362, 165 323 , 267 340,448 379,103 
(tons/yr) 

Parts rebuilt 93 , 062 93 , 062 90,541 80,817 85,112 94 , 776 
( t ons/yr) 

Pa r t s recycled 186 ,123 186, 123 180,083 161,633 170,224 189,551 
(tons/yr) 

Solid waste 93,062 93,062 90 , 541 80 , 817 85, 112 94,776 
( HV + CV) (tons/yr ) 

Solid waste - 1 ,068 - - 4,335 -
(HV only) (tons/yr) 

Solid waste from 1 , 590 2 ,658 4,234 12, 703 12,745 
same number of CVs 
as EHVs in scenario 
(tons/yr) 

arhe calculations are based on the fol l owing assumptions : (1) average life span of vehicle is 10 yr, (2) 
average replacement of engine parts by weight over 10 yr is 15% , (3) aver age weight of engine is 285 lb, 
(4) 25% of weight repl acement is rebuilt and used, (5) 50% of weight replacement is recycled, and (6) 25% 
of weight replacement is solid waste. 

w -..., 
V, 
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Table D.92. Land Area Required for Disposal of Solid Wastes Generated 
by RV and CV Engine Parts, by Scenario, 2000a 

Solid waste 
(HV + CV) (tons/yr) 

Land area for 
disposal (acres) 

Solid waste 
(HV only) (tons/yr) 

Land area for 
disposal (acres) 

Solid waste from same 
number of CVs as EHVs 
in scenario (tons/yr) 

Land area for 
disposal (acres) 

LOW I LOW II 

93,062 93,062 

1.78 1.78 

1,068 

0.02 

1,590 2,658 

0.03 0.05 

Scenario 

MEDIUM HIGH I 

90,541 80,817 

1.73 1.55 

4,234 12,703 

0 . 08 0.24 

HIGH II 

85,112 

1.63 

4,335 

0.08 

12,745 

0.24 

BASE 
(all CVs) 

94,776 

1.81 

aAverage weight of solid waste assumed to be 400 lb/ft3, and land area is taken to 
be fill to an average depth of 6 ft. 

Table D.93. Power Plant Solid Wastes Generated during 
ERV Operation, by Scenario, 2000 

Scenario 

LOW I LOW II MEDIUM HIGH I 

Solid wastes from 1,877,473 3,682 , 759 7,480,341 18,969,548 
coal (tons)a 

Solid wastes from 2,720 5,668 9,188 32 , 863 
oil (tons)b 

Total (tons) 1,880,193 3,688,427 7,489,529 19,002,411 

Landfill (acres)c 27.7 54.4 110.5 280.4 

% of total acres of 0.24 0,47 0.95 2.43 
landfill needed for 
wastes from electri-
city productiond 

HIGH II 

18,312,310 

31,616 

18,343,926 

270.7 

2.35 

aAssumes 75% eastern coal with 26,124.8 tons of solid wastes per trillion Btu and 
25% western coal with 14,308.6 tons of solid wastes per trillion Btu. 

bAssumes 110 tons of solid wastes produced per trillion Btu. 

CAssumes average depth of landfill equals 42 ft and one ton of solid waste per cubic 
yard. This is different than the average 6-ft landfill because of the material, 
method of disposal, and space limitations at power plant sites, 

dTotal coal• 33.66 x 1015 Btu; total oil= 0.86 x 1015 Btu. 
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acres for HIGH II. The percentages given in the table represent that portion 
of the total land area required for disposal of power plant solid wastes that 
is required for disposal of wastes as a result of EHV market penetration. 

Solid wastes produced by power plants are of two types: (1) ash from 
fuels and (2) sludge from pollution control devices. Ash consists primarily 
of silicones, with some trace metals. Sludge is a limestone slurry containing 
sulfides and sulfates . Both the ash and sludge are usually disposed of on 
site in a landfill. If proper methods are used to prevent formation of 
leachates and to control erosion and sedimentation, potential adverse impacts 
on the environment can be minimized. 

Of the five EHV scenarios, the most substantial impact on land required 
for disposal results under the HIGH I and HIGH II scenarios, with 280 . 4 and 
270. 7 acres, respectively. However, considering total power plant solid 
wastes, these requirements are very small. 

D.4.3 Fuels Production and Transport Analysis 

Solid waste associated with fuels production and transport of fuels 
required for EHV and CV operation to utilities, service stations, or other 
vehicle servicing facilities is characterized in Sec. B.4. Based on that 
characterization, the solid wastes generated in fuels production for each ERV 
scenario and for an equivalent number of CVs operating equivalent VMT are 
shown in Tables D.94-D.99. Table D.100 shows the land required for solid 
waste disposal in each scenario. These tables show that the increase in solid 
waste and land required for disposal is substantial with market penetration of 
EHVs. Seventy-five percent of the increase in land requirements stems from 
uranium extraction, including associated overburden. No economies of scale or 
improvements in efficiency in the removal of overburden have been assumed. 
Land for coal beneficiat i on residues is the second largest component of the 
total acreage requirements. Disposal of these residues could be burdensome 
without long- term planning for alternative uses. 

D.4.4 Vehicle Disposal Analysis 

At the end of a vehicle's life cycle, basically four forms of solid 
waste are generated: (1) waste oils, (2) metallic wastes, (3) nonmetallic 
wastes, and (4) batteries . 

D.4.4.1 Waste Oil 

As stated in Sec. D.4.2.1, EVs require no l ubricating oil. Therefore, 
in those scenarios with the highest penetration of EVs, a reduction in 
the potential for haphazard discharge of waste oil into the environment is 
realized. However, even in the BASE scenario, a significant reduction in the 
disposal of waste oi l is expected to occur by the year 2000 because of the 
greater economic benefits of recycling and less oil use because of smaller 
engines and greater efficiency. 



Overburden 
removed 

Uranium 

Mine and mill 
tailings 

Ash and other 
process residues 

Total 

Table D.94. Solid Wastes from Fuels Produced and Transported to 
Utility for ERV Operation, LOW I, 2000 (short tons) 

11.3 X 106 

1.4 X 106 

490.8 

1.28 X 107 

Coal 

Mine tailings 

Beneficiat ion 
residues 

Oil 

3 . 24 X 104 Dry residue 241 . 5 

2 . 87 X 106 

2.9 X 106 241 . 5 

Table D.95. Solid Wastes from Fuels Produced and Transported to Utility and 
Service Station for ERV Operation, LOW II, 2000 (short tons) 

Uranium 

Overburden 
removed 

Mine and mill 
tailings 

Ash and other 
process 
residues 

Total 

21.9 X lQ6 

2 . 79 X 106 

947.1 

2,47 X lQ7 

Coal 

Mine tailings 

Beneficiation 
residues 

Oil Gasoline 

6.35 X 104 Dry residue 517 Dry residue 

5.62 X 106 

5.7 X 106 517 

Total 

1.57 X 107 

Total 

503 

503 3 .04 X 107 

w 
" 00 



Table D.96. Solid Wastes from Fue l s Produced and Transported to 
Utility for EHV Operation, MEDIUM, 2000 (short tons) 

Uranium Coal Oil 

Overburden 
removed 

Mine and mill 
tailings 

Ash and other 
process residues 

Total 

33 . 7 X 106 

4.29 X 106 

1,460.6 

3.80 X 107 

Mine tailings 

Beneficiation 
residues 

9.85 X 104 Dry residue 

8.71 X 106 

8.8 X 106 

827 

827 

Table D.97. Solid Wastes from Fuels Produced and Transported to Utility 
for EHV Operation, HIGH I, 2000 (short tons) 

Overburden 
removed 

Mine and mi 11 
tailings 

Ash and other 

Uranium 

1.032 X 108 

13 . 15 X 106 

4,472 
process residues 

Total 1. 16 X lQ8 

Coal 

Mine tailings 

Beneficiat ion 
residues 

3 . 23 X 105 

2.85 X 107 

2.9 X 107 

Oil 

Dry residue 3025 

3025 

Total 

4.68 X 107 

Total 

1.45 X 108 

w 
-./ 
\S) 



Table D. 98. Solid Wastes from Fuels Produced and Transported to Utility and 
Service Station for EHV Operation, HIGH II, 2000 (short tons) 

Uranium Coal Oil Gasoline 

Overburden 
removed 

Mine and mill 
tailings 

Ash and other 
process 
residues 

Total 

1.001 X 108 

12.76 X 106 

4,339 . 0 

1.13 X lQ8 

Mine tailings 

Beneficiation 
residues 

3 . 13 X 105 

2 . 77 X 10 7 

2.8 X lQ7 

Dry residue 2,928 

2,928 

Table D.99 . Solid Waste from Production and 
Transport to Service Station of 
Gasoline and Diesel Fuel Required 
by CVs Operating the Same VMT as 
EHVs, 2000 (short tons) 

Scenario Dry Residual 

LOW I 2,035.9 

LOW II 3,950 . 3 

MEDIUM 6,432 . 9 

HIGH I 20,522.3 

HIGH II 20,365 . 3 

Dry residue 2,180 

2,180 

Total 

1.41 X 108 

w 
ex, 
0 



381 

Table D.100. Land Areas Required for Disposal of Solid Wastes 
from Fuels Production and Transport for EHVs and 
for CVs Operating the Same VMT as EHVs, by 
Scenario, 2000 

Scenario 

LOW I LOW II MEDIUM HIGH I HIGH II 

EHV 

Overburden (106 tons) 11.3 21. 9 33.7 103.2 100.l 
Land required (acres) a 616.98 1,195.74 1,840.02 5,634.72 5,465.46 

Tai lings (106 tons) 1.48 2.85 4.39 13.47 13.07 
Land required (acres) b 75.6 145.53 223.81 687. 12 666. 72 

Coal beneficiation 2.87 5.62 8. 71 28.5 27.7 
Residues (106 tons) 
Land required (acres)c 125.42 245.59 380.63 1 ,245.45 1,210.49 

Dry process residues 732 1,967 2,288 7,497 9,447 
(tons) 
Land required (acres)d 0.04 0 .10 0.11 0.37 0.47 

Total land required 818.04 1,586.96 2,444.57 7,567 . 66 7,343.14 
(acres) 

CV 

Dry process residues 2,036 3,950 6,433 20,522 20,365 
(tons) 

Total land requiredd 0.10 0 . 20 0.32 1.03 1.02 
(acres) 

aAverage weight of overburden is assumed to be 140 lb/ft3, and land area is 
taken to be fill to an average depth of 6 ft. 

bAverage weight of tailings is assumed to be 150 lb/ft3, and land area is 
taken to be fill to an average depth of 6 ft. 

cAverage weight of coal beneficiation is assumed to be 175 lb/ft3 , and land 
area is taken to be fill to an average depth of 6 ft. 

dAverage weight of dry process residues is assumed to be 147 lb/ft3, and land 
area is taken to be fill to an average depth of 6 ft. 
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Another major factor affecting the impact of waste oil by the year 2000 
is the recycling of vehicle hulks . Because of economic benefits, it is 
estimated that close to 100% of automobile hulks will be recycled by the year 
2000.D.30 Therefore, the recapture of waste oil during dismantling and size 
reduction will be both practical and feasible. 

It is estimated that no more than 5% of the waste oil from junked 
vehicles will be haphazardly discharged into the environment in the y:"ar 2000 
(see Table D.101). 

In comparing all five EHV scenarios to the BASE scenario, the greatest 
difference occurs in the HIGH I scenario -- a decrease of 163 x 103 gal, or 
14 . 7%. The other four scenarios result in the fol lowing decreases: LOW I, 
1.8%; LOW II, 1.8%; MEDIUM, 4.5%; and HIGH II, 10 . 2%. 

The range among al 1 five scenarios is 143 x 103 gal. This quantity 
of oil is capable of creating toxic conditions in a 143 acre body of water 
with an average depth of 10 ft. Any of the five EHV scenarios, which average 
approximately 1,000,000 gal, is capable of causing potential environmental 
pollution. However, since the discharge would be dispersed nationally, the 
volumes would be small at any one time, and the differences between each of 
the five scenarios and the BASE scenario woul d be insignificant. 

D.4.4.2 Metallic and Nonmetallic Wastes 

Almost all of the solid wastes generated by EHV and CV disposal 
result from plastic and rubber components. Since the use of plastics is 
expected to increase to reduce vehicl-e weight, it is anticipated that landfill 
areas to handle the solid waste will increase but only slightly. This is be
cause different types of plastics are going to be used that are almost im
possible to reuse. Also, fire retardant additives to the plastics will limit 
their reuse potential as fuel. 

Table D.101. Discarded Waste Oil from Junked HVs and CVs, by Scenario, 2000a 

LOW I LOW II 

Number of junked 17,415,058 17,415,074 
HVs and CVs 

Waste oil 21,768,823 21,768,843 
(gal/yr) 

Discarded 1,088,441 1,088,442 
oil (gal/yr) 

Scenario 

MEDIUM HIGH I HIGH II 
BASE 

(all CVs) 

16,943,387 15,123,611 15,927,398 17,735,800 

21,179,234 18,904,514 19,909,248 22,169,750 

1,058,962 945,226 995,462 1,108,488 

aThe calculations are based on the following assumptions: (1) 10% of total vehicles wi ll be 
junked during the year, (2) average oil capacity of junked vehicle equal s 5 qt, and ( 3) 5% of 
waste oil is discarded. 
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By the year 2000, the material composition of EHVs, except for the 
batteries (see Sec. D.4.4.3), will differ little from the material composition 
of CVs. In particular, the percentage of plastic and rubber in EHVs (minus 
the battery) and CVs will be approximately the same. As a result, little 
change between the EHV scenarios and the BASE scenario is anticipated in the 
quantities of nonmetallic waste generated by vehicle disposal. 

The metallic components of each vehicle -- steel, iron, aluminum, and 
copper - - will be almost entirely recycled. With improved dismantling, 
separation, and shredding processes, the ability to reuse the material coupled 
with the economic benefits will make total recycling highly feasible. For 
instance, in 1971, 60-80% of all autos were recycled.D,30 Even today it 
has become profitable in many areas of the country to go back and recover 
abandoned or buried auto hulks . Therefore, it is anticipated that there will 
be no significant difference between the EHV scenarios and the BASE scenario 
in the amount of metallic wastes from vehicle disposal. 

D.4.4.3 Batteries 

As stated earlier, it is expected that EHV batteries will be recycled 
and 95% of the battery components recovered. Thus , there should be few solid 
wastes as a result of battery disposal. Accessory batteries in both EHVs and 
CVs will also be recycled. 

D.4.5 Total Solid Wastes 

Table D.102 gives the total solid waste generated in the EHV scenarios 
and for a comparable number of CVs operating equivalent VMT. Table 3.21 
presents the total land required for solid waste disposal by EHV scenario and 
for equivalent CVs. 

It is difficult to establish national waste disposal land requirements 
with which the EHV-related solid waste disposal acreage requirements can be 
compared. Rising material and energy prices make the projection of future 
solid waste generation extremely uncertain. Depth of disposal also can vary 
the acreage requirements calculated. Nonetheless, estimates for municipal 
solid waste acreage requirements can be made . Based on an average 3.6 lb/ 
person/day in 2000, 35,000 acres at a depth of six f eet are estimated to be 
required for municipal solid waste disposal in the year 2000. When t h e HIGH I 
scenario requirement for 16,000 acres ( the greatest acreage among the sce
narios) is compared with this estimate, HIGH I's solid waste acreage require
ment appears quite substantial. 

However, another way to view the scenario totals is to compare them 
with a rough estimate of waste disposal land requirements associated with 
total electricity generation in 2000. Eight thousand of the 16,000 acres 
required for waste disposal in the HIGH I scenario are required for fuels 
production (uranium, coal, oil, and gas) and utility solid wastes. The 
electricity requirements of the HIGH I scenario are just 3% of total U.S. 
demand in 2000. Thus, it can be assumed that these 8000 acres are approxi
mately 3% of the total acreage requirements for solid waste disposal asso
ciated with all electricity demand in 2000 (fuels production for utilities 



Table D.102. 

Solid Waste 
Classification 

overburden movedb 
Waste rock 

Tot a l 

Tailings 

Smelting slag 
Coal beneficiation 

residues 

Total 

Dry process residues 
of milling and 
manufacturing 

Power plant 
residues 

Total Solid Waste Attributable to Vehicle Production, Vehicle Operation, and Fuels 
Production and Transport for Each EHV Scenario and for Equivalent CVs, 2000a 

EHVs Eguivalent CVs 

LOW 1 LOW II MEDIUM HIGH HIGH II LOW 1 LOW 11 MEDIUM HIGH I 

ll,30 x 106 21.9 X 106 (33.7 X 106)C (1.032 X 1Q8) ( 1.001 X lQ8) 
7.22 X 1Q5 1.36 X 1Q6 12.55 x 106 1.35 X 1Q8 1. 17 X 106 3.82 X 104 7 .as x 104 1.20 X lQ5 3.40 X 105 

[,20 X 107 2,33 X 107 (4.63 X 107) (2.38 X lQ8) 1.01 x 108 3,82 X 104 7,05 X 104 1. 20 X 105 3.40 X [05 

5,31 X 106 1.01 X 107 7.18 X 106 2.00 X lQ7 1.90 X 107 1.98 X 105 3,72 X 105 6,19 X lQ5 1.80 X lQ6 

2.7 X 104 4.2 X 104 6,15 X 105 5.69 X 106 4.27 X lQ5 1,521 2,779 4,764 13 , 357 
2,87 X 106 5.62 X 106 8.71 X 1Q6 2.85 X 107 2.77 X 107 

2,90 X 106 5.66 X 106 9.33 X 106 3.42 X lQ7 2.81 X 107 1,521 2,779 4,764 13,357 

1,63 X 105 3,03 X 105 2,99 X 1Q5 2.16 X lQ6 2.81 X [05 5,124 9,829 16 ,060 49,038 

1.88 X 106 3,69 X 106 ],49 X 106 1.90 X 107 1.83 X 1Q7 

asame number of CVs produced as EHVs in each scenario, and CVs operate same VMT as EHVs in each scenario. 

- HIGH II 

3,62 X 105 

3,62 X lQ5 

1.92 X 106 

14,210 

14,210 

50,923 

bThese wastes are disposed of primarily as l andfill or construction aggregate . overburden denotes the excess material removed in the extraction of coal 
a nd uranium. Waste rock refers to excess material created during extraction of metallic ores. 

cvalues i n parentheses indicate speculative quantities t hat do not assume economies of scale or eff iciency in the removal of overburden. 

w 
co ..,.. 
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included). (The acreage totals associated with the ERV scenarios and U.S. 
electricity demand might well be less if greater depth of disposal were 
assumed.) Thus, the HIGH I scenario total of 16,000 acres appears low. 

Further, much of the land required for solid waste disposal in the EHV 
scenarios is required for disposal of waste rock or overburden, particularly 
from lithium and uranium extraction. While land is required for temporary 
storage of this waste rock and overburden, it can be assumed that much of 
the waste will be returned to the mines when extraction is complete. In other 
words, land for permanent disposal would not be required. If the land area 
required for waste rock and overburden were eliminated from the totals in 
Table 3.21, the impact of the ERV scenarios would be significantly reduced 
(see Table D.103). ERV-related waste disposal would still require 27-42 times 
the land needed for CV-related wastes. However, on a national scale, when all 
the potential acreage requirements for disposal of mining, industrial, util
ity, municipal, and agricultural solid wastes are considered, the increase 
due to market penetration of EHVs is probably very small. 

Table D.103 . Land Required for Disposal of Solid Wastes except 
Waste Rock and Overburden from Vehicle Manufacture 
and Operation, and Fuels Production, 2000a 

Scenario 

LOW I LOW II MEDIUM HIGH I 

ERV (acres) 432 . 27 828.18 900.65 2916.87 

CV (acres) 10 . 53 19. 77 32.93 95.90 

ERV land area - CV 421. 74 808.41 867. 72 2820.97 
land area (acres) 

ERV land area 41.1 
CV land area 

41.9 27.4 30.4 

aAssumes equivalent numbers of CVs as EHVs and equivalent VMT. 

HIGH II 

2483.86 

102 .11 

2381. 75 

24.3 
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APPENDIX E 

HEALTH AND SAFETY ANALYSES 

E .l OCCUPATIONAL HEALTH AND SAFETY 

E.1.1 Methodology 

Two types of occupational impacts are examined : (1) those for which 
quant ified est imates of impact magnitude and severity could be made and (2) 
those that could only be qualitative ly described. The quantified impact 
estimates are based on U.S. Dept. of lLabor statistics and National Safety 
Council data on historica l incidence rates for occupat ional injuries and 
illnessesE. l-E.10 and on projected l evels of employment for the economic 
sectors most impacted by market penetration of EHVs . Derivation of these 
employment impacts is discussed in Sec. G.2. 

Two assumptions are crit ical in the projection of occupational impacts . 
Even though technological innovations, changes in federal and state regula
tions, and new health care techniques occurring during the assessment time
frame may r esult in varying incidence rates, the assumption is made that 
incidence rates reflecting current occupational and medical condit i ons remain 
constant. The second assumption 1s that these incidence rates accurately 
reflect the real world. Unfortunately, identification and r eport i ng of 
occupational impacts is not always consistent or complete. Reporting pro
cedures vary among recording agencies and economic sectors. Mult iple sources 
of exposure, lag times between exposure and response, and population migration 
affect ident ification of the causes of adverse health events and, thus, the 
accuracy o f incidence rates, especially for illnesses. However, incidence 
rates do provide the best basis for comparing the relative impacts of the BASE 
scenario and the five EHV scenarios. 

The following measures of magnitude and severity are often used 10 

projecting occupational health and safety impacts: 

1. Total recordable cases (TRC) are the number of reported 
cases of injury resulting from an incident in the work 
environment plus the numbe r of reported conditions or dis
orders caused by exposure to environmental factors asso-
c iated with employment. 

2. Person days lost (PDL) are the number of workdays (con
secutive or not) an employee is awa y from work or is 
limited to restricted work activity due to occupational 
injury or illness. 

3. Lost workday cases (LWC) are the number of TRC that in
volve days away from work or restricted work act ivity. 

4. Nonfata l cases without lost workdays (NDL) 
ber of TRC that do not involve days away 
restricted work activity. 

are the num
from work or 
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The empl oyment data used in t his analysis are not sensit ive enough to 
allow for meaningful comparisons and impact estimates using LWC and NOL. 
Total recordable cases are used as an estimate of magnitude of occupational 
health and safety impacts, and POL are used as an estimate of severity o f 
impact. Figure E.l is a flow diagram of the procedur e use d to quan t ify 
occupational illness and injury impacts. 

Changes in employment due to each EHV scenario were screened and the 22 
economic sectors most impacted by EHV development were chosen for occupational 
health and safety analysis. Table E.l presents TRC and POL projections for 
each of these sectors by scenario . 

Some potentially significant occupationa l health impacts are not 
reflected in the TRC or POL es timat es . These impacts, identified primarily 
through literature review, result from the development of new technologies 
and/or the expansion o f historically small economic sectors. They c an r esult 
in workplace exposure to toxic substances and physical trauma situations that 
are presently unknown or minimal enough to preclude i mpact inc idence rate 
information . Currently unquantifiable impacts ar e described qua l itatively in 
Sec. 3.6. 

E . 1 . 2 Analysis 

Projections of TRC occurring as a result of EHV development indicate 
that, regardless of which ERV scenario is implemented, the total number of 
cases will be very similar to the number occurring under the BASE scenario. 
The HIGH scenarios, which assume considerable federal intervention to defray 
private costs and to encourage development of new battery or hybrid tech
nologies, are the only scenarios for which TRC vary by more than 10,000 from 
the BASE scenario for any assessment year. However, the increase in i mpac t is 
only 1- 2%. This variance is well within that introduced by estimating 
incidence rates. 

INJURY AND SELECTED EMPLOYMENT 
ILLNESS ECONOMIC IMPACTS OF 

INCIDENCE EHV 
DATA SECTORS SCENARIOS 

I I 
• 

OCCUPATIONAL 
HEAL TH AND 

SAFETY 
IMPACTS MODEL 

u 

PROJECTED INJURY AND ILLNESS 
IMPACTS OF EHV SCENARIO 

Fig. E.l. Methodology of Occupational Health and Safety Analysis 
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Table E. l. TRC and PDL by Scenario, Sector, and Year 

BASE 

SECTOR INCIDENCE TOTAL RECORDABLE CASES 
NUtlBER NAME RATE a 1975 1985 1990 2000 

2 MINING 10 34400 36700 35100 34500 
3 PETROLEUM AND GAS 9 24390 17280 12960 8910 

38 PETROLEUH REFINING 8 16160 17520 16640 15840 
39 TIRES AtlD TU3ES 13 16770 21450 22680 24570 
40 RUBBER PROL EX TIRES 11 22000 28600 26510 25410 
41 PLASTIC PRODUCTS 11 34100 38390 41360 44770 
46 IRON AND STEEL 14 124740 130200 127540 117880 
47 NON-FERROUS METALS 10 32100 41200 42800 41400 
so STRUCTURAL METAL PRODUCTS 19 73910 97660 105260 105260 
53 ENGINES ANO TURBINES 9 10080 13590 15300 17010 
55 CONST,MINE,MATRL HANDL EQ 15 42450 55050 53800 51150 
56 HETALl-lORKING MACHINERY 11 35640 46420 45650 35970 
62 TRANSt10Rt1RS, Sl-lTHGR, EL HSR 8 17040 31840 35920 37760 
63 ELECTRIC APP+ MOTORS 10 23.300 29800 31600 30000 
65 ELEC LIGHTING+ WIRING 8 15520 22640 23120 23440 
69 BATTERIES,X-RAY EQ,ETC. 11 12540 14960 15S40 16170 
73 RAILROAD EQUIPMENT 18 16560 145SO 14760 14220 
76 MECH MEASURING DEVICES 8 7600 9680 9280 7760 
80 RAILROADS 9 46980 38700 39240 40320 
81 TRUCKING 17 227120 303960 297840 277440 
82 OTHER TRANSPORT 10 62600 67100 63300 57800 
87 ELECTRIC UTILITIES 8 42080 38640 41600 42640 

TOTAL 247 938530 1115960 1123300 1070220 

SECTOR INCIDENCE PERSON DAYS LOST 
NUMBER NAME RATE 1975 1985 1990 2000 

2 MINING 191 657040 700970 670410 653950 
3 PETROLEUM ANO GAS 93 252030 178560 133920 92070 

38 PETROLEUM REFINING 57 115140 124830 113560 112860 
39 TIRES Atl□ TUBES 157 202530 259050 276320 296730 
40 RUBBER PROL EX TIRES 87 174000 226200 209670 200970 
41 PLASTIC PRCDUCTS 59 182900 205910 221840 2(t0130 
46 IRON AND STEEL 97 864270 902100 883670 816740 
47 NOH-FERROUS METALS 111 356310 457320 475080 459540 
50 STRUCTURAL METAL PRODUCTS 109 424010 560260 603860 603860 
53 ENGINES AND TURBINES 48 53760 72480 81600 90720 
55 CONST,MINE,HATRL HANDL EQ 81 229230 297270 317520 276210 
56 HETALIIORKING MACHINERY 51 165240 215220 211650 166770 
62 TRANSMORHRS, SWTHGR, EL HSR 40 85200 159200 179600 18.8.800 
63 ELECTRIC APP+ MOTORS 58 138040 172840 183280 174000 
65 ELEC LIGHTING+ WIRING 42 81480 118860 121380 123060 
69 BATTERIES,X- RAY EQ,ETC. 69 78660 93840 99360 101430 
73 RAILROAD EQUIPMENT 144 132(180 116640 118080 113760 
76 MECH MEASURING DEVICES 70 66500 84700 81200 67900 
80 RAILROADS 95 495900 408500 414200 425600 
81 TRUCKING 158 21108.30 2825040 2768160 2578560 
82 OTHER TRANSPORT 128 801230 85SS.80 310240 739840 
87 ELECTRIC UTILITIES 61 320860 294630 317200 325130 

TOTAL 2006 7987740 9333300 9296800 8853630 
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Table E. l. (Cont'd) 

LOW I 

SECTOR INCIDENCE TOTAL RECORDABLE CASES 
NUMBER NAHE RATE 1975 1985 1990 2000 

2 Hit!ING 10 34400 36600 34900 34700 
3 PETROLEUM AND GAS 9 24390 17280 12960 &820 

38 PETROLEUM REFINING 8 16160 17520 16560 15760 
39 TIRE ANO TUBES 13 16770 21450 22830 24570 
40 RUB9ER PROO. EX . TIRES 11 22000 28500 26510 25410 
41 PLASTIC PRODUCTS 11 34100 38390 41360 44770 
46 IROtl t.NO STEEL 14 124740 129080 127400 118160 
47 NOil-FERROUS METALS 10 32100 41100 42700 41600 
50 STRUCTURAL HETAL PRODUCTS 19 73910 97660 104690 105450 
53 ENGINE ANO TURBINES 9 10080 13590 15120 17100 
55 CONST,MINE,MATRL HANOL EQ 15 42450 55050 5S650 51150 
56 METALWORKING MACHINERY 11 35640 46420 45650 35970 
62 TRANSFORMRS, SWTHGR, EL MSR 8 17040 31840 35440 37920 
63 ELECTRIC APP.+ MOTORS 10 23300 29800 31500 30000 
65 ELEC. LIGHTING+ MIRING 8 15520 22640 23120 23440 
69 BATTERIES,X-RAY EQ.,ETC. 11 12540 14960 16060 16500 
73 RAILROAD EQUIP~IENT 18 16560 14580 14760 14220 
76 MECH. MEASURING DEVICES 8 7600 9680 9280 7840 
80 RAILROADS 9 46980 33700 39150 40320 
81 TRUCKING 17 227120 303790 297670 277440 
82 OTHER TRANSPORT 10 62600 67100 63200 57700 
87 ELECTRIC UTILITIES 8 42080 38640 40720 44400 

TOTAL 247 938580 1114470 1120280 1073240 

SECTOR INCIDENCE PERSON DAYS LOST 
NUtlBER NAME RATE 1975 1985 1990 2000 

2 MINING 191 657040 699060 666590 662770 
3 PETROLEUM ANO GAS 93 252030 178560 133920 91 140 

38 PETROLEUM REFINING 57 115140 124/330 117990 112290 
39 TIRE ANO TUBES 157 202530 259050 276320 296730 
40 RUBBER FROD. EX. TIRES 87 174000 226200 209670 200970 
41 PLASTIC PRODUCTS 59 182900 205910 221840 240130 
46 IRON AND STEEL 97 864270 894340 882700 818680 
47 NON- FERROUS HETALS 111 356310 456210 473970 461760 
so STRUCTURAL HETAL PRODUCTS 109 424010 560260 600590 604950 
53 ENGINE At!D TURBINES 48 53760 72480 80640 91200 
55 CONST,MINE,MATRL HANDL EQ 81 229230 297270 316710 276210 
56 HETALWORKING MACHINERY 51 165240 215220 211650 166770 
62 TRANSFORMRS, SWTHGR, EL HSR 40 85200 159200 177200 189600 
63 ELECTRIC APP.+ MOTORS 58 138040 172840 182700 174000 
65 ELEC. LIGHTING+ HIRING 42 814-SO 113860 121330 123050 
69 BATTERIES,X-RAY EQ.,ETC. 69 78560 93840 100740 103500 
73 RAILROAD EQUIPMENT 144 132480 116640 118080 113760 
76 MECH. HEASURING DEVICES 70 66500 84700 81200 68600 
80 RAILROADS 95 495900 408500 413250 425600 
81 TRUCKING 158 2110BSO 2823<'.\60 2766580 2578560 
82 OTHER TRANSPORT 128 801280 85SS80 808960 738560 
87 ELECTRIC UTILITIES 61 320860 294630 310490 338550 

TOTAL 2006 7987740 9320940 9273170 8877390 
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Table E .1. (Cont'd) 

LOW II 

SECTOR INCIDENCE TOTAL RECORDABLE CASES 
NUMBER NAME RATE 1975 1985 1990 2000 

2 MINING 10 34400 36700 34900 35100 
3 PETROLEUM ANO GAS 9 24390 17280 12960 8730 

38 PETROLEUM REFINING 8 16160 17520 16640' 15760 
39 TIRE AtlD TUBES 13 16770 21450 22680 24570 
40 RUBBER PROD . EX. TIR 11 22000 28600 26510 25410 
41 PLASTIC PRODUCTS 11 34100 38390 41360 44880 
46 IRON AND STEEL 14 124740 130200 127260 118720 
47 NON-FERROUS METALS 10 32100 41200 42700 42400 
50 STRUCTURAL METAL PRO 19 73910 97660 104690 105640 
53 ENGINE AND TURBINES 9 10080 13590 15120 17100 
55 CONST,MINE,HATRL HAH 15 42450 55050 58650 51300 
56 METALWORKING MACHINE 11 35640 46420 45650 35970 
62 TRANSFORMRS,SWTHGR,E 8 17040 31840 35440 38080 
63 ELECTRIC APP, + HOTO 10 23300 29800 31500 30100 
65 ELEC. LIGHTING+ WIR B 15520 22640 23120 23440 
69 BATTERIES,X-RAY EQ., 11 12540 14960 15840 16610 
73 RAILROAD EQUIPMENT 18 16560 14580 14760 m20 
76 MECH. MEASURING DEVI 8 7600 9680 9280 7840 
80 RAILROADS 9 46980 38700 39150 40410 
81 TRUCKING 17 227120 303960 297500 277780 
82 OTHER TRANSPORT 10 62600 67100 63200 57700 
87 ELECTRIC UTILITIES 8 42080 38640 40720 44640 

TOTAL 247 938580 1115960 1119830 1076400 

SECTOR INCIDENCE PERSON DAYS LOST 
NUMBER NAME RATE 1975 1985 1990 2000 

2 MINING 191 657040 700970 666590 670410 
3 PETROLEUM AND GAS 93 252030 178560 133920 90210 

38 PETROLEUM REFINING 57 115140 124830 118560 1 '12290 
39 TIRE AND TUBES 157 202530 259050 276320 296730 
40 RUBBER PROD. EX. TIR 87 174000 226200 209670 200970 
41 PLASTIC PRODUCTS 59 182900 205910 221840 240720 
46 IRON AND STEEL 97 864270 902100 681730 822560 
47 NON-FERROUS METALS 111 356310 457320 473970 470640 
50 STRUCTURAL METAL PRO 109 424010 560260 600590 6060<10 
53 ENGINE AND TURBINES 48 53760 72480 30640 91200 
55 CONST,MINE,MATRL HAN 81 229230 297270 316710 277020 
56 HETALHORKING MACHINE 51 165240 215220 211650 166770 
62 TRANSFORHRS,SHTHGR,E 40 85200 159200 177200 190400 
63 ELECTRIC APP. + MOTO 58 138040 172840 182700 1745SO 
65 ELEC. LIGHTING+ HIR 42 81480 116860 121380 123060 
69 BATTERIES,X-RAY EQ., 69 78660 93840 99360 104190 
73 RAILROAD EQUIPMENT 144 132480 116640 118080 113760 
76 HECH. MEASURING DEVI 70 66500 84700 81200 68600 
80 RAILROADS 95 495900 408500 413250 426550 
81 TRUCKING 158 2110380 2825040 2765000 2581720 
82 OTHER TRANSPORT 128 801280 85SMO 808960 738560 
87 ELECTRIC UTILITIES 61 320860 294630 310490 340380 

TOTAL 2006 7987740 9333300 9269810 8907360 
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Table E.l. (Cont'd) 

MEDIUM 

SECTOR INCIDENCE TOTAL RECORDABLE CASES 
NUMBER NAME RATE 1975 1985 1990 2000 

2 MINING 10 34400 36700 35000 34900 
3 PETROLEUM ANO GAS 9 24390 17280 12960 8640 

38 PETROLEUM ~:FINING 8 16160 17520 16640 15680 
39 TIRE ANO TUBES 13 16770 21450 228-80 24570 
40 RUBBER PROD. EX. TIRES 11 22000 28600 26510 25520 
41 PLASTIC PRODUCTS 11 34100 38390 41360 44880 
46 IROH AND STEEL 14 124740 130200 127540 118020 
47 NON-FERROUS METALS 10 32100 41200 42800 41700 
50 STRUCTURAL METAL PRODUCTS 19 73910 97660 105070 105640 
53 ENGINE AND TURBINES 9 10080 13590 15210 17100 
55 CONST,MINE,HATRL HANOL EQ 15 42450 55050 58800 51150 
56 METALWORKING MACHINERY 11 35640 46420 45650 35970 
62 TRANSFORMRS,SHTHGR,EL HSR 8 17040 31840 35840 38000 
63 ELECTRIC APP. + MOTORS 10 23800 29800 31600 30000 
65 ELEC. LIGHTING ♦ HIRING 8 15520 22640 23120 23440 
69 BATTERIES,X-RAY EQ. , ETC. 11 12540 14960 15840 17380 
73 RAILROAD EQUIPMENT 18 16560 14580 14760 14220 
76 MECH. MEASURING DEVICES 8 7600 9680 9280 7840 
80 RAILROADS 9 46980 38700 39240 40410 
81 TRUCKING 17 227120 303960 297340 277610 
82 OTHER TRANSPORT 10 62600 67100 63300 57600 
87 ELECTRIC UTILITIES 8 42080 38640 41360 44720 

TOTAL 247 938580 1115960 1122600 1074990 

SECTOR INCIDENCE PERSON DAYS LOST 
NUMBER NAME RATE 1975 1985 1990 2000 

2 MINING 191 657040 700970 668500 666590 
3 PETROLEUM ANO GAS 93 252030 178550 133920 89260 

38 PETROLEUM REFINING 57 115140 124830 118560 111720 
39 TIRE At!D TUBES 157 202530 259050 276320 296730 
40 RUBBER PROD. EX. TIRES 87 174000 226200 209670 201840 
41 PLASTIC FRODUCTS 59 182900 205910 221840 240720 
46 IRON AND STEEL 97 864270 902100 M3670 817710 
47 NON-FERROUS METALS 111 356310 457320 475080 462870 
so STRUCTURAL METAL PRODUCTS 109 424010 560260 602770 606040 
53 EtlGINE AND TURBINES 48 53760 72480 81120 91200 
55 CONST,HINE,MATRL HANOL EQ 81 229230 297270 317520 276210 
56 METAL~ORKING MACHINERY 51 165240 215220 211650 166 770 
62 TRANSFORt!RS, SWTHGR, EL MSR 40 85200 159200 179200 190000 
63 ELECTRIC APP. + MOTORS 53 133040 172840 183230 174000 
65 ELEC. LIGHTING+ WIRING 42 81480 118860 1213SO 123060 
69 BATTERIES,X-RAY EQ.,ETC. 69 78660 93840 99360 109020 
73 RAILROAD EQUIPMENT 144 132430 116640 118080 113760 
76 HECH. MEASURING DEVICES 70 66500 M700 81200 68600 
80 RAILROADS 95 495900 408500 414200 426550 
81 TRUCKING 158 2110380 2825040 2768160 2580140 
82 OTHER TRANSPORT 128 801230 858380 810240 737280 
87 ELECTRIC UTILITIES 61 320860 294630 315370 340990 

TOTAL 2006 7987740 9333300 9291090 8891080 
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Table E. l. (Cont ' d) 

HIGH I 

·sECTOR INCIDENCE TOTAL RECORDABLE CASES 
NUMBER NAME RATE 1975 1985 1990 2000 

2 MINING 10 34400 36700 35000 35700 
3 PETROLEUM ANO GAS 9 24390 17280 12960 7830 

38 PETROLEUM REFINING 8 16160 17520 16640· 15200 
39 TIRE ANO TUBES 13 16770 21450 22680 24570 
40 RUBBER PROD. EX. TIRES 11 22000 28600 26510 25630 
41 PLASTIC PRODUCTS 11 34100 38390 41360 45100 
46 IRON ANO STEEL 14 124740 130060 127260 118860 
47 NON-FERROUS METALS 10 32100 41200 42800 42700 
50 STRUCTURAL METAL PRODUCTS 19 73910 97660 105070 106590 
53 ENGINE AND TURBINES 9 10080 13590 15210 17460 
55 CONST,HINE,MATRL HANOL EQ 15 42450 55050 5&100 51300 
56 HETALHORKING MACHINERY 11 35640 46420 45650 36 190 
62 TRANSFORMRS,SHTHGR,EL HSR 8 17040 31840 35840 33830 
63 ELECTRIC APP. + MOTORS 10 23.300 29800 31600 30300 
65 ELEC. LIGHTING+ HIRING 8 15520 22640 23120 23600 
69 BATTERIES,X-RAY EQ.,ETC. 11 12540 14960 15950 20't60 
73 RAILROAD EQUIPMENT 18 16560 14580 1476 0 14400 
76 MECH. MEASURING DEVICES 8 7600 9680 9280 78lt0 
80 RAILROADS 9 46980 38700 39240 40770 
81 TRUCKING 17 227120 303960 297840 278460 
82 OTHER TRANSPORT 10 62600 67100 63300 57000 
87 ELECTRIC UTILITIES 8 42080 38640 41440 46480 

TOTAL 247 938580 1115820 1122510 1085320 

SECTOR INCIDENCE PERSON DAYS LOST 
NUMBER NAME RATE 1975 1985 1990 2000 

2 MINING 191 657040 700970 668500 681870 
3 PETROLEUM AND GAS 93 252030 178560 133920 80910 

38 PETROLEUM REFINING 57 115140 124830 118560 108300 
39 TIRE ANO TUBES 157 202530 259050 276320 296730 
40 RUBBER PROO. EX. TIRES 87 174000 226200 209670 2027 10 
41 PLASTIC PRODUCTS 59 182900 205910 221840 241900 
46 IRON ANO STEEL 97 864270 901130 881730 823530 
47 NON-FERROUS METALS 111 356310 457320 475080 473970 
50 STRUCTURAL METAL PRODUCTS 109 424010 560260 602770 611490 
53 ENGINE AtlD TURBINES 48 53760 72480 81120 93120 
55 CONST,MINE,MATRL HANDL EQ 81 229230 297270 317520 277020 
56 METALWORKING MACHINERY 51 165240 215220 211650 16 7790 
62 TRANSFORMRS,SHTHGR,EL HSR 40 85200 159200 179200 194400 
63 ELECTRIC APP. + MOTORS 58 138040 172840 183280 175740 
65 ELEC. LIGHTING+ HIRING 42 814SO 118860 121380 123900 
69 BATTERIES,X-RAY EQ.,ETC. 69 78660 93840 100050 128340 
73 RAILROAD EQUIPMENT 144 132480 116640 118080 115200 
76 HECH . MEASURING DEVICES 70 66500 M700 81200 68600 
80 RAILROADS 95 495900 408500 414200 430350 
81 TRUCKING 158 2110880 2825040 2768160 2588040 
82 OTHER TRANSPORT 128 801280 858880 810240 729600 
87 ELECTRIC UTILITIES 61 320860 294630 315980 354410 

TOTAL 2006 7987740 9332330 9290450 8967920 
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Table E.l. (Cont'd) 

HIGH II 

SECTOR INCIDENCE TOTAL RECORDABLE CASES 
NUHBER NAME RATE 1975 1935 1990 2000 

2 HIHING 10 34400 36700 34900 35700 
3 PETROLEUH AND GAS 9 24390 17280 12960 80 10 

38 PETROLEUH REFINING 8 16160 17520 16560 15360 
39 TIRE AND TUBES 13 16770 21450 22880 24570 
40 RUBBER PROD. EX. TIR 11 22000 28600 26510 25520 
41 PLASTIC PRODUCTS 11 34100 38390 . 41360 45210 
46 IRON AND STEEL 14 124740 130060 127120 119140 
47 NON-FERROUS METALS 10 32100 41200 42700 43100 
50 STRUCTURAL METAL PRO 19 73910 97660 104690 106210 
53 ENGINE AND TURBINES 9 10080 13590 15120 17370 
55 CONST,HINE,HATRL HAH 15 42450 55050 58650 51300 
56 METALWORKING MACHINE 11 35640 46420 45650 36080 
62 TRANSFORMRS,SWTHGR,E 8 17040 31840 35440 38640 
63 ELECTRIC APP. + HOTO 10 23800 29800 31500 30200 
65 ELEC. LIGHTING+ WIR 8 15520 22640 23120 23520 
69 BATTERIES,X-RAY EQ., 11 12540 14960 15950 18040 
n RAILROAD EQUIPHENT 18 16560 14580 14760 14400 
76 HECH. MEASURING DEVI 8 7600 9680 9280 7840 
80 RAILROADS 9 46980 38700 39150 40680 
81 TRUCKING 17 227120 303960 297670 278290 
82 OTHER TRANSPORT 10 62600 67100 63200 57100 
87 ELECTRIC UTILITIES 8 42030 38640 40800 45920 

TOTAL 247 938580 1115820 1119970 1082200 

SECTOR INCIDENCE PERSOH DAYS LOST 
NUMBER NAHE RATE 1975 1985 1990 2000 

2 HIHING 191 657040 700970 666590 681870 
3 PETROLEUM AND GAS 93 252030 178560 133920 82770 

38 PETROLEUM REFINING 57 115140 124830 117990 109440 
39 TIRE AND TUBES 157 202530 259050 276320 296730 
40 RUBBER PROO. EX. TIR 87 174000 226200 209670 201840 
41 PLASTIC PRODUCTS 59 182900 205910 221840 242490 
46 IRON ANO STEEL 97 864270 901130 880760 825470 
47 NON- FERROUS METALS 111 356310 457320 473970 47M10 
50 STRUCTURAL HETAL PRO 109 424010 560260 600590 609310 
53 ENGINE AND TURBINES 48 53760 724SO 80640 92640 
55 CONST,HINE,HATRL HAN 81 229230 297270 3167 10 277020 
56 METALWORKING MACHINE 51 165240 215220 211650 167280 
62 TRANSFORMRS,SWTHGR,E 40 85200 159200 177200 193200 
63 ELECTRIC APP. + MOTO 58 138040 172840 182700 175160 
65 ELEC. LIGHTING+ WIR 42 81480 11&%0 121380 123lf30 
69 BATTERIES,X-RAY EQ., 69 78660 93840 100050 113160 
73 RAILROAD EQUIPMENT 144 132480 116640 118080 115200 
76 MECH . MEASURING DEVI 70 66500 84700 81200 68600 
80 RAILROADS 95 495900 408500 413250 429400 
81 TRUCKING 158 2110880 2825040 2766580 2586460 
82 OTHER TRANSPORT 128 801280 858880 808960 730880 
87 ELECTRIC UTILITIES 61 320860 294630 311100 350140 

TOTAL 2006 7987740 9332330 9271150 8950950 

a RATE PER I 00 FULL - TIME WORKERS PER YEAR 



397 

It is possible that the occupational injuries and illnesses occurring 
1n ERV-re l ated industries could be more or less severe than those occurring 
in the rest of the economy. However, comparing the number of PDL occurring 
per recordable case shows a minimal amount of variance among the BASE and all 
EHV scenarios for all assessment years (see Table 3.27). Thus, changes 1n 
employment in ERV-stimulated industries do not have a significant impact on 
severity of occupational illness and injury on a national level. 

Several economic sectors experience changes in the number of TRC 
and PDL as a result of EHV commercialization that reflect the material. fuel, 
and construction requirements of EHVs . These new levels vary notably from 
those of the BASE scenario. As with economy-wide impacts, o cc upational 
injuries and illnesses attributable to EHVs and occurring in the individual 
sectors are most significant under the HIGH scenarios in 2000 

The electric utility and battery sectors experience the greatest 
absolute and percentage increases in the number of impacts. Mining, non
ferrous metals. and structural metal products also show large absolute 
increases. These three sectors are integrally tied to EHV development. 
Petroleum and gas production is the only sector projected to experience large 
percentage and absolute decreases in TRC and POL. In summary, extensive EHV 
development may significantly impact the number of occupational injuries and 
illnesses attributable to the six industries mentioned above. 

E.2 PUBLIC HEALTH 

In this analysis, the potential for public health impacts from exposure 
to air, water, and solid waste residuals resulting from the EHV scenarios is 
examined and compared to the risks from comparable numbers of CVs. The impact 
potential of vehicle-production. fuel-production, and vehicle-operation air, 
water , and solid waste residuals is examined on a national level. The poten
tial for impact from air emissions resulting from EHV operation and electri
city demand also is examined for 10 selected UAs. This more quantitative 
projection of the potential for public health effects in individual UAs from 
exposure to air residuals is possib l e because of their widespread d ispersion. 
The site-specific nature of water and solid waste residuals and human exposure 
to these residuals restricts the analysis of potential impacts in these areas 
to a qualitative discussion. 

E.2.1 Risk from Air Emissions 

The potential for air quality health impacts from EHV market penetra
tion is based on emission projections found in Sec. D.2. 

E.2.1.1 Methodology and Assumpt ions 

Ideally, projections of the number of human health e ffects from at 
mospheric emissions resulting from EHV commercialization should be made by 
applying dose-response relationships to population exposure estimates. 
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Unfortunately, neither dose-response information nor estimates of the disper
sion of air emissions and iesulting population exposure are available for this 
assessment . As a result, surrogate measures are used for comparing the health 
impacts of implementing the several scenar ios. The measure used fo r compari
son in national projections is "person- pounds" of pollut ant; the measure used 
in the UA analysis is a population-normalized value referred to as " potential 
for impact." Both measures reflect both the quantities of air emissions and 
the population at risk as a result of exposure. Although these factors do no t 
provide an estimate of the number of health effects, they do provide a rela
tive risk estimate that is useful for assessing the potential impacts under 
the different scenarios and for comparisons with other emission sources. 

The validity of measures like "person-pounds" and " potentia l for 
impact" involves two major assumptions: ( 1) that there is no threshold fo r 
r e sponse, meaning that any exposure t o a pollutant results in an effect, and 
(2) that there is a linearity of response, meaning that any increase in 
exposure results in a corresponding increase in effect. Much controversy 
exists regarding these two assumptions. However, the controversy i s of 
l ittle import when the project ions are measures of re lative ef f ect, as is the 
case in this analysis. 

This study makes two further assumptions that are essential for pro
jecting relative impact potential: (1) that there is equal dispersion o f 
an emitted pollutant in the area of analysis (nation, county, or UA), resul t
ing in equal exposure to the population at risk, and (2) that the population 
at r i sk is heterogeneous but simil ar among the areas examined. 

Person-pounds, which is used in the national analysis, is simply the 
product of projected population (see Fig. 2 .3) and emitted quantity of pollu
tant from Sec. D.2. For the UA analysis, the pot ential-for- i mpact va l ues are 
normalized to al low comparison of UAs of di f ferent size. The UAs analyzed are 
broken into the "large" and "medium" categories used in Sec. D. 2, which are 
based on population. These UAs and their 1990 and 2000 populations appear in 
Table E . 2. The potential for impact in each UA under each scenario and for 
each assessment year is determined using the following equation : 

A . B ---
C (E . l) 

where: 

A = po 11 utant emissions (106 lb/yr), 

B = population of UA, and 

C = population of all UAs in category. 

E.2.1.2 Emissions Risk at the National Level 

The projected r elative risk r esulting from air pollutants from vehic le 
production, f uels production, and vehicle operation at the national level 
under each scenario for EHVs and an equi valent number of CVs traveling equiv
alent miles is given in Table E.3. The information in this table is base d on 
projected emissions that are summarized in Tables 3.17 and 3.18. The relat i ve 
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Table E.2. UA Populations (lo6)a 

Year 

1990 2000 

Large UAs 

Milwaukee 1.423 1.476 
Cincinnati 1 .051 1.082 
Buffalo 1.329 1.359 
San Diego 2 .136 2.335 
Dallas 1.872 1.990 

Total 7 . 811 8.242 

Medium UAs 

Grand Rapids 0.643 0.691 
Albuquerque 0.552 0.614 
Orlando 1.102 1 . 338 
Little Rock 0.496 0.537 
Chattanooga 0.316 0.329 

Total 3 .109 3.509 

aBased on model described in Ref . E. 11 . 

contributions of ERVs and CVs to risk from air pollutants are described 
briefly in Sec. 3.5.1. 

The projections indicate that the relative risk of exposure to ERV-re
lated emissions increases substantially between 1990 and 2000 for each pol
lutant under all scenarios. This increase occurs because greater numbers of 
EHVs are being produced and operated in 2000. In 2000: (1) risks from 
exposure to NOx, RC, particulates, CO, heavy metals, and aldehydes from EHVs 
are greatest under HIGH II; ( 2) risks from exposure to SOx, PbS, gas fluo
rides, and CuS are greatest under HIGH I; and the LOW I scenario has the 
lowest risk of exposure for all pollutants . 

Comparing the risk of exposure associated with EHVs with that from 
comparable numbers of CVs indicates that the risk of exposure to SOx, heavy 
metals, PbS, gas fluorides, and CuS is greater with ERVs than for an equiva
lent number of CVs. The increase in the risk of exposure to SOx with EHVs is 
8-10 times that for an equivalent number of CVs, depending on the scenario. 
The increase for heavy metals is 10-24 times that for an equivalent number of 
CVs. The maximum increase in risk of exposure to gas fluorides is 1.6 times 
that for an equivalent number of CVs. No PbS and CuS air emissions are 
projected to be associated with CV production. Therefore, the increase in 
risk of exposure to these pollutants as a result of EHVs is absolute. The 
risk of exposure from ERV-related emissions of NOx, CO, RC, and aldehydes is 
substantially less than that from an equivalent number of CVs; for particu
lates, the risk is somewhat less than that from CVs. 



Table E.3. Relative Risk of Exposure on the National Level to EHV and CV Vehicle Production, 
Vehicle Operation, and Fuels Production Emissions (person-lb x 1015) 

- ·---
Scenario 

LOW I LOW II MEDIUM HIGH I HIGH II ·-- -
Pollutant 1990 2000 1990 2000 1990 2000 1990 2000 1990 2000 

---
EHV 

TSP o. 545 8.25 1 .01 16.9 1. 25 24 . 3 3.27 76 .2 3 . 32 84.8 
SOX 2.54 36.8 4.34 73.4 5 .43 111 14.3 366 14 . 3 358 
NOx 1.49 18.2 2.88 43.8 3.22 55.8 8 . 53 185 8 . 96 202 
HC 0.221 3.21 0.678 12.4 0. 552 9.75 l. 41 28.6 1 .81 46.l 
co 0.0945 l. 33 1. 24 68 . l 0 . 201 4. 19 0 . 528 14. l 4 .96 295 
Heavy metals 0.0416 0.628 0.0676 l. 13 0.0553 0 . 938 0 . 140 2.25 0 .138 2.44 
Aldehydes 0.00473 0.0319 0.00496 0.086 0.00529 0 . 101 0. 139 0.344 0.0151 0.425 
PbS 0.0149 0. 165 0 . 0232 0.286 0.0385 0.494 0.0978 1 . 53 0.0912 1.49 
Fluorides 0.00095 0.013 0.00165 0 .0275 0.00284 0 . 0427 0.00780 0 .143 0 .00685 0. 138 
CuS 0.0362 0 .400 0.0560 0 . 694 0.0931 l. 20 0.237 3.70 0.221 3.62 

~ 

CV 0 
0 

TSP 0.630 10.5 0. 965 18.8 1.42 33 . 1 3.59 105 3.51 97.7 
SOX 0.220 3.61 0.379 7.82 0.612 11. 9 l. 6 5 42 . 9 1. 65 42.7 
NOx 2.31 23 .4 3 .43 63 . l 5.05 111 12.4 355 12.2 327 
HC 2.35 30 . 6 3.40 53.9 4.93 93. 7 11. 7 298 11 . 6 279 
co 24.3 296 35.5 515 51. 3 896 117 2865 115 2646 
Heavy metals 0.00165 0 . 0265 0.0026 0.0486 0.0052 0 .0835 0 .0137 0.232 0.0128 0.247 
Aldehydes 0.00515 0.085 0.00855 0 . 167 0.0111 0 . 271 0.0283 0 . 864 0 . 0286 0 . 857 
Fluorides 0.00095 0.0140 0.00095 0.0182 0 . 00284 0.0435 0.00662 0. 1250 0 .00449 0 . 0943 

,, ______ ·--·· 
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Table E.4 illustrates projected national risk of SOx, NOx , HC, particu
late, and CO exposure from total U.S. emissions in 1975 and from selected 
point sources. Compar ing these values with ERV product ion and operation 
and EHV fuels production risks shown in Table E. 3 provides a measure of the 
relative impact of EHV development, even though effluent guidelines (new 
source performance standards and best available control technology require
ments) were not applicable in 1975 and levels of industrial activity i n 1990 
and 2000 are projected to be greater t han 1975 levels. 

In particular, the risk of exposure to SOX from EHVs in both HIGH 
scenarios i n 2000 represents 3% of the relative risk from total U.S. SOx 
emissions in 1975. The risk from SOx associated with EHVs in these two 
scenarios is slightly greater than the risk from petroleum refining but less 
than the risk from primary metals production and electricity generation. Sul
fur oxides f rom an equivalent number of CVs would represent only 0.4% of the 
risk from total U.S. emissions. For NOx, CO , particulates, and HC, risk of 
exposure associated with EHVs is less than 2% of the risk from total U. S. 
emissions of each of these pollutants and less than t he risk associated 
with a corresponding number of CVs. On a national l evel, then. the risk of 
exposure to ERV-related emissions appears small. However . local meteorologi
cal, geographical, and demographical conditions may result in significant 
human risk. Even though the potential for this impact is not assesse d in 
this EA , it should not be overlooked . 

Not all of the emis sions associated with ERV production , operat i on , and 
associated fuels production are quantified in this analysis The development 
of new battery types (Ni/Zn , Ni/Fe, and Li/S) may result in public exposure 
to a variety of toxic substances not covered here. (See Table B.15 for a 
list of possible additional ingredients in batteries.) Both the potential for 
release and the magnitude of these exposures are of concern on a site-specific 
basis during battery raw material acquisition, manufacture, and disposal. 

Table E 4. Relative Risk of Exposure to Emissions from Selected Sources 
and fr om Total U. S. Emi ss ions, 1975 (person-lb x 1015)a 

Total U.S. Primary 
Relative Risk Metal s Petroleum Munic ipal Electric ity 

Pollutant of Exposure Production Refining I ncine rators Generation 
- ---- ----- - --- - - . - · - --

SOx 12,171 1,195 340 4 7 ,943 

NOx 10 , 378 64 4 2,904 

HC 12,299 85 384 4 43 

Particulates 6,748 597 42 43 1 ,836 

co 403,590 427 555 85 128 
- - -- - --- ______ ... 

aBased on emissions totals provided in Ref . E .12. 
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The presence of heavy metals and carbon dioxide in fossi l fuel power 
plant emissions and in CV emissions is well documented but has not been 
evaluated in this analysis. In the air quality analysis (see Sec. D.2.3.8), 
the differences between the carbon dioxide totals in the year 2000 for the ERV 
scenarios and those of their counterpart CVs are shown to be of insufficient 
magnitude to b e considered significant. 

Operation of EHVs may release potentially toxic gases as a result 
of accidents and during battery charging, but these emissions are not quanti-
fied here . For example, current Pb/acid batteries give off gases during 
charging. Overcharging generates two toxic gases: stibine and arsine. The 
acute toxicity of both of these gases is well documented, but it is . expected 
that proper ventilation can keep concentrations far below levels where adverse 
health effects might occur for anyone associated with battery charging or 
testing.E.13 However, the effects of long-term, low-level exposure are not 
well documented. In summary, the health impact of exposure to arsine and 
stibine, or stibine ' s by-product antimony trioxide, resulting from widespread 
residential and commercial use of batteries is uncertain but of potential 
concern. 

E.2.1.3 Power Plant Emissions Risk at the UA Level 

Ten UAs are examined in this analys i s . The process for selecting these 
10 UAs for detailed examination is described in Sec. D.2, and the emissions 
data used in this analysis are also presented in that section. The 10 UAs 
vary in size, in the degree of ERV penetration, and in the fuels used for 
generation of EHV electricity requirements. A summary of these character
istics appears in Table D. ll. The potential for health impacts from SOx, 
NOx, HC, particulates, and CO emissions due to EHV operation is projected 
here and compared to impacts from similar numbers of CVs operating equivalent 
VMT and to impacts from all other emission sources. 

Risk of Exposure to Sulfur Oxides 

Sulfur oxides are respiratory irritants that can cause permanent 
alveolar damage and exacerbate respiratory disorders when inhaled. Sulfur 
oxides are primary by-products of fossil fuel combustion. 

Table E.5 presents the estimates of the potential for impact from 
exposure to SOx under the EHV scenarios due to vehicle operation and the 
generation of electricity necessary for battery charging. Also included are 
the projections of potential for impact from exposure to SOX from a com
parable number of CVs. This table shows that the inhabitants of Dallas and 
Cincinnati experience greater potential for impact from ERV-related SOX 
exposure than inhabitants of the other selected UAs under al l scenarios, with 
the exception of the LOW scenarios in 2000 where they rank second and third. 
These two UAs are projected to use coal to supply 100% of EHV e lectricity 
demand in 1990 and 65% (Da l las) and 90% (Cincinnati) of EHV electricity demand 
in 2000. 

Little Rock and Milwaukee experience the lowest potential for impact 
from ERV SOX in both 1990 and 2000, primarily because nuclear plants (which 



UA 

EHVs 

Milwaukee 
Cincinnati 
Buffalo 
San Diego 
Dallas 

Grand Rapids 
Albuquerque 
Orlando 
Little Rock 
Chattanooga 

CVs 

Mi l waukee 
Cincinnati 
Buffalo 
San Diego 
Dallas 

Grand Rapids 
Albuquerque 
Orlando 
Little Rock 
Chattanooga 

Table E . 5 . Relative Potential for Adverse Health Impact from SOx 
Emissions from EHVs and CVs Oper ating Equivalent VMTa 

LOW I 

1990 

0.00182 
0.02691 
0.01361 
0.01641 
0 . 02397 

0.01034 
0.01065 
0.02127 
0.00160 
0.00305 

0.00182 
0.00135 
0.00170 
0.00273 
0.00240 

0 
0 
0 
0.00032 
0.00010 

2000 

0.00537 
0.26256 
0.21435 
0 
0.31388 

0 
0.15748 
0.34317 
0.00459 
0.02813 

0.01970 
0.01707 
0 . 01649 
0.03966 
0.02897 

0.00985 
0 .00875 
0.02669 
0 .00306 
0 .00188 

LOW II 

1990 

0.00182 
0.04037 
0. 01701 
0 .02735 
0 . 07190 

0 . 01655 
0.01775 
0 . 03190 
0.00479 
0.00508 

0.00182 
0. 00135 
0 . 00170 
0 . 00273 
0.00240 

0 
0 
0.00354 
0.00048 
0.00020 

2000 

0.01970 
0.52905 
0 .46498 
0.00567 
0. 70985 

0.00394 
0.31671 
0.57577 
0 . 01377 
0 . 06657 

0.03582 
0.03151 
0.02803 
0.07366 
0 .05553 

0.01575 
0 . 01750 
0.04576 
0.00765 
0.00375 

Scenario 

MEDIUM 

1990 

0.00182 
0.04037 
0 . 03403 
0.02735 
0.07190 

0.02068 
0 . 01775 
0.03545 
0 . 00479 
0 . 00610 

0.00182 
0 . 00269 
0 . 00170 
0.00517 
0 .00479 

0.00207 
0.00178 
0.00354 
0 . 00064 
0.00030 

2000 

0.01791 
0.84018 
0. 77497 
0.00283 
0.98993 

0.00197 
0.50744 
0 . 83887 
0 . 01530 
0.09376 

0.06268 
0.05645 
0.05276 
0.13315 
0.09175 

0 . 02954 
0.03150 
0.08389 
0 .01377 
0 .00656 

HIGH I 

1990 

0.01093 
0 .12110 
0.08507 
0.10938 
0.19173 

0 . 06205 
0.05326 
0.10634 
0.01276 
0 . 01016 

0 . 00729 
0 . 00673 
0.00681 
0.01641 
0.01198 

0 . 00414 
0.00355 
0 . 01063 
0.00160 
0.00102 

2000 

0.16117 
2.86187 
2.35788 
0 .02833 
3.35610 

0 . 01969 
1.67979 
2 . 59287 
0.07652 
0.31878 

0.17908 
0 . 16541 
0.15499 
0.37680 
0 . 26076 

0 . 08468 
0 . 09449 
0 . 24785 
0.04132 
0 . 01969 

HIGH II 

1990 

0.00182 
0 . 12110 
0 . 08507 
0. 10938 
0.19173 

0 . 06205 
0.05326 
0.10634 
0 . 01276 
0 . 01016 

0.00729 
0.00673 
0.00681 
0.01641 
0. 01198 

0.00414 
0.00355 
0. 01%3 
0 . 00160 
0.00102 

2000 

0.17908 
2.77261 
2.24081 
0.07083 
3.51787 

0.02757 
1.58356 
2 .42510 
0.08111 
0.33003 

0.17192 
0.14834 
0.14345 
0.37680 
0 . 26318 

0.07877 
0.08749 
0.22878 
0.04132 
0.01969 

aThe values in this table are norma l ized values that allow c omparison of UAs of different sizes. Two UA 
categories (large and medi1n) are represented in this table . See Sec. E.2.1 . 1 for methodology. 
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emit no SOX) are projected to supply 90-100% of EHV electricity demand 
in these UAs by 2000. The substitution of nuclear electricity for oil elec
tricity that occurs in San Diego (from 55% oil to 99% nucl ear) and the 
shift from coal to nuclear that occurs in Grand Rapids (from 90% coal to 99% 
nuclear) between 1990 and 2000 account for large decreases in their potential 
SOx impacts (35-100% , depending on the scenario). San Diego and Grand Rapids 
are the only UAs for which the potential for impact from SOx decreases 
during the assessment time frame. The potential for impacts from SOx result
ing from EHV scenarios is greatest under the HIGH scenarios in 2000 for all 
UAs, ranging from 10 to 35 times greater than that under the LOW I scenario, 
depending on the UA. 

Comparison of projected potent ial SOx impacts resulting from EHVs and 
CVs operating equivalent VMT indicates that the relative risk is a function of 
the type of fuel used to generate electricity for ERV battery charging. For 
example , in Dallas, Cincinnati, Chattanooga , Albuquerque, Orlando, and Buffalo 
(where fossil fue ls are the primary source of EHV electricity), the relative 
risks of CV use is 6-10% that of EHV use under the HIGH I scenario. In San 
Diego, Grand Rapids, Milwaukee, and Little Rock (where nuclear pl ants provide 
EHV electricity), the r elat ive risk of CV use is 54-1330% that of EHV use 
under the HIGH I scenario. 

The projected potential for impact from SOX emissions from all sources 
appears in Table E.6 for five AQCRs, which include five of the UAs examined in 
this analysis. Although no EHV penetration is assumed, the potential for 
impact from CV emissions is included in this BASE scenario. Comparing the 
figures in Table E.6 with those in Table E.5 indicates that the potential for 
impact from SOx released due to EHV operation generally is smal 1 but not 
unimportant in some AQCRs and the UAs contained in them. (For purposes of 
this analysis, the percentage change in potential for impact from a pollutant 
in an AQCR is assumed to apply to the UA contained in the AQCR.) After 
reducing the baseline potential for impact by the potential for impact from 
the CVs being replaced by EHVs in the scenarios, the maximum increase result
ing from ERV penetration in a AQCR' s or UA's potential for impact is 6.5%, 
which occurs in Buffalo in HIGH I in 2000. A large portion of Buffalo's ERV 
electricity is generated by fossil fuel. Cincinnati and Dallas show increases 
of 5.2% and 1 .9%, respectively, in HIGH I in 2000. In Milwaukee and San 
Diego, where nuclear fuel predominates, the potential for impact from al 1 
sources of Sox actually decreases with EHV penetration : 0. 03% and 4 .4%, 
respectively, in HIGH I in 2000. 

J isk of Exposure to Nitrogen Q_xides 

Nitroge n oxides are by-products of high-temperature, high- pressure 
combustion of the type that occurs during electricity generat ion and in CV 
internal combustion engines. They are one of the precursors necessary for the 
formation of photochemical oxidants in the atmosphere. Heal th impacts of 
NOx are not well documented, but due to their highly reactive chemical 
nature oxidants caus e potentially severe and permanent damage to respiratory 
mucous membranes. 

A comparison of the potential for impact from exposure to NOx from the 
ERV scenarios and comparable numbers of CVs appears in Table E . 7. As with 



405 

Table E.6 . Potential for Impact from 
All Sources in BASE 
Scenarioa 

Air Quality 
Year 

Control 
Pollutant Region 1990 

Milwaukee 67 
Cincinnati 61 
Buffalo 35 
San Diego 10 
Dallas 115 

Milwaukee 43 
Cincinnati 49 
Buffalo 23 
San Diego 34 
Dallas 99 

HC Milwaukee 168 
Cincinnati 86 
Buffalo 32 
San Diego 56 
Dallas 189 

TSP Milwaukee 31 
Cincinnati 15 
Buffalo 7 
San Diego 14 
Dallas 160 

co Milwaukee 160 
Cincinnati 87 
Buffalo 92 
San Diego 158 
Dallas 341 

aBased on emissions totals provide d 
in Ref. E . 14. 

2000 

61 
52 
34 

8 
162 

45 
49 
23 
34 

119 

191 
113 

30 
67 

225 

26 
16 

8 
16 

220 

151 
79 
88 

151 
330 

SOx, the greatest potential for impacts f rom ERV-related NOx are proj ec ted to 
occur in Dallas and Cincinnati unde r all EHV scenarios and years. The lowest 
potential for impact is projected in L ittle Rock, San Diego , and Grand Ra pids . 
Orlando and Buffalo experience the greatest percentage increase i n pro jected 
potential for impact between 1990 and 2000, except under the HIGH II s c enario, 
where the largest increase occurs in Mi l waukee. San Diego and Grand Rapids 
experience the least amount of change between assessment years. 

Potential for impact from NOx is greater under the EHV scenarios that 
include HVs. The difference 1s substantial and r e flects the incremental 



Table E. 7. Relative Potential for Adverse Health Impact from NOx 
Emissions from EHVs and CVs Operating Equivalent VMTa 

Scenario 

LOW I LOW II MEDIUM HIGH I HIGH II 
UA 1990 2000 1990 2000 1990 2000 1990 2000 1990 2000 

EHVs 

Milwaukee 0.00182 0.00358 0.00364 0.06268 0.00182 0.01433 0.00547 0.08954 0.00547 0. 31877 
Cincinnati 0.01211 0.15753 0.02960 0.36102 0.02691 0.48573 0.06728 1. 66724 0.06997 1. 80377 
Buffalo 0.00510 0.07585 0.00851 0.23909 0.01021 0. 32977 0.03403 1.07177 0.03573 1 . 20203 
San Diego 0.00547 0 0.01641 0.03966 0 .01367 0 0.05469 0. 01133 0.06016 0.54395 
Dallas 0.01917 0.19316 0.02876 0.51669 0.04793 0.57947 0.09586 1.95571 0.12462 2.54967 

Grand Rapids 0.00620 0 0.01241 0.02166 0.01448 0 .00197 0 .04136 0. 01378 0.04343 0 .11225 
Albuquerque 0.00710 0.08749 0.01243 0. 21872 0.01420 0.29746 0.03551 0.97988 0.03729 1.04637 
Orlando 0.00709 0.15252 0.01418 0.33174 0.01772 0.41944 0.03545 1. 37270 0.03899 1.58242 ~ 

0.00160 0.00306 0.00319 0 .04591 
0 Little Rock 0.00160 0.01939 0. 01071 0.00638 0.00798 0.10406 "' Chattanooga 0.00102 0.01875 0.00305 0.04407 0.00305 0.05626 0 . 00813 0.18752 0.00813 0.21471 

CVs 

Milwaukee 0.01275 0.20774 0. 02186 0.41010 0.02915 0.62321 0.07469 2.03975 0.07652 2.08094 
Cincinnati 0 .01346 0.19167 0.02153 0 . 36758 0.02826 0.59601 0.07131 1. 90748 0.07131 1.80771 
Buffalo 0.01191 0.17973 0 .01872 0.33637 0.02722 0.54083 0 .06636 1.79397 0.06636 1.73956 
San Diego 0.02735 0 .42496 0.04649 0.85275 0.06016 1 .34286 0 .13946 4.22124 0.14767 4.47338 
Dallas 0.01917 0.30422 0.03355 0.63742 0.04314 0 . 93681 0 .10545 2 .94564 0 .10785 3.17019 

Grand Rap i ds 0.00827 0. 09649 0.01241 0.18117 0.01861 0.30326 0.04343 0.97870 0.04343 0.94326 
Albuquerque 0 .00710 0.10674 0.01065 0.20472 0.01598 0.34296 0.03906 1.13386 0.03906 1.08837 
Orlando 0.01772 0.28979 0.02836 0.53764 0.03899 0 . 89988 0 . 09216 2.88267 0.09570 2.78353 
Little Rock 0.00319 0.04744 0.00638 0.09794 0.00798 0.14997 0.01755 0.48053 0.01914 0.49889 
Chattanooga 0.00203 0.02344 0.00305 0.04688 0.00407 0. 07126 0 . 00915 0.22877 0.00915 0.23815 

aThe values in this table are normalized values that allow comparison of UAs of different sizes. Two UA 
categories (large and medium) are represented in this table. See Sec. E.2.1.1 for methodology . 
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emissions associated with HV internal combustion engines . Potential for im
pacts from EHV-related NOx is greater under the HIGH II scenario for all 
UAs and both assessment years. 

A comparison of potential for impact from NOx emissions from EHV use 
with emissions from a similar number of CVs can be drawn from Table E . 7. Such 
a comparison indicates that for all UAs and all scenarios, CV impacts will be 
greater than EHV impacts. Thus, market penetration of EHVs will tend to 
reduce health risks from exposure to NOx. 

Table E.6 contains projections of the relative potential for impact of 
NOx emissions from all sources without EHV penetration for five AQCRs. 
After reducing the projections shown in Table E.6 by the differences between 
CV and EHV potential for impact shown in Table E.7, it can be seen that the 
reduction in adverse health impact from NOx associated with EHV penetration 
is generally low but may be significant in some AQCRs and UAs under some 
scenarios. For example, in the MEDIUM scenario in 2000, except for San Diego , 
the reduction in potential for impact is 0.2-1 .4%. In San Diego, the reduc
tion is 4%. Of all the scenarios, the greatest reduction occurs in HIGH I in 
2000. The reduction in Cincinnati is 0.5%; in Dallas, 0 . 8%; Buffalo, 3.1%; 
Milwaukee, 4.3%; and in San Diego, 12 .4%. 

Risk of Exposure to Hydrocarbons 

Hydrocarbons result from the incompl ete combustion of f ossil fuels 
and are emitted in many forms, some of which may be carcinogenic . In addi
tion, HC are atmospheric precursors for oxidant formation. 

Results of the projections of potential for impact from exposure to HC 
under the EHV scenarios are presented in Table E. 8. Also included are pro
jections of the potential for impact of exposure to HC resulting from operat
ing an equivalent number of CVs. Because HC are emitted almost exclusively 
from CVs, the contribution of the EHV scenarios to HC exposure is minute. In 
fact, for the LOW I, MEDIUM, and HIGH I scenarios, there is no potential for 
impact in 2000. For the LOW II and HIGH II scenarios, which include signifi 
cant HV usage, potential for impact is projected. However, a comparison of 
these values indicates that they are of minor significance compared with the 
potential for impact resulting from operation of a comparable number of CVs. 
Under the HIGH II scenario, where EHV relative impacts are greatest, EHV 
impacts are 5.6 (in Dallas) to 10.5 (in Little Rock) times less than impacts 
from comparable numbers of CVs. Therefore, market penetration of EHVs reduces 
health impacts from HC emissions. 

Table E.6 contains projections of the relative potential for impact of 
HC emissions from al 1 sources without EHV penetration for five AQCRs. After 
reducing the project ions shown in Table E.6 by the differences between CV and 
EHV potential for impact shown in Table E .8, it can be seen that the r educ tion 
in adverse health impac t from HC associated with EHV penetration is generally 
low but, in some AQCRs and UAs under some scenarios, not unimportant . For 
example, in the MEDIUM scenario in 2000, the reduction in potential for impact 
is 0.3-1.6%. Of all the scenarios, the greatest reduction occurs in the HIGH 
I scenario in 2000. The reduction in Milwaukee is 0.9%; in Dallas, 1.1%; in 
Cincinnati, 1.4%; in Buffalo, 4.9%; and i n San Diego, 5.0%. 



Table E.8 . Relative Potential for Adverse Health Impact from RC 
Emissions from EHVs and CVs Operating Equivalent VMTa 

Scenario 

LOW I LOW II MEDIUM HIGH I HIGH II 

UA 1990 2000 1990 2000 1990 2000 1990 2000 1990 2000 

EHVs 

Mil waukee 0 0 0.00182 0.04656 0 0 0 0 . 00179 0.00364 0 . 20953 
Cincinnati 0 0.00263 0 . 00269 0.04595 0 0 . 00788 0.00135 0 .02626 0.00404 0.19692 
Buffalo 0 0.00165 0.00170 0 .04122 0 0.00660 0 0.02144 0.00170 0 .17148 
San Diego 0 0 0 . 00547 0.07083 0 0 0 0 0.00547 0.42212 
Dallas 0 0 .00241 0.00479 0.10141 0 0.00966 0 . 00240 0 . 02414 0 .00719 0.48531 

Grand Rapids 0 0 0 . 00207 0 .01969 0 0 0 0 0.00207 0.08271 
Albuquerque 0 0.00175 0 . 00178 0.02450 0 0.00525 0 0.01575 0 .00178 0 . 11199 
Orlando 0 0.00381 0.00354 0.06482 0 0.00763 0 0.02288 0.00354 0 . 25929 .i,-

0 

Little Rock 0 0 0 0.01071 0 0 0 0 0 0 . 04897 00 

Chattanooga 0 0 0 0.00656 0 0 . 00094 0 0.00281 0 0.02625 

CVs 

Mil waukee 0 . 01457 0 . 17550 0.02368 0.35279 0.02915 0 . 53008 0 .07105 1 . 71382 0.06741 1. 78545 
Cincinnati 0. 01346 0. 16147 0.02153 0.31507 0.02691 0 .49623 0 .06593 1. 59110 0 . 06593 1.60816 
Buffalo 0 . 01191 0.15170 0.02042 0.28855 0.02552 0.46663 0.05615 1 .49717 0.06295 1.47904 
San Diego 0.02461 0.33147 0.04375 0 . 67143 0.05196 1.04256 0.11759 3.31750 0.12853 3.53848 
Dallas 0.01917 0 . 26318 0.03595 0 . 55774 0.04314 0.79436 0. 10066 2.50862 0. 10545 2 .75731 

Grand Rap ids 0.00827 0 . 08074 0.01241 0. 15163 0 .01655 0.24812 0.03516 0 . 80147 0.03516 0. 78572 
Albuquerque 0.00710 0 . 08924 0.01065 0 . 17148 0.01420 0 . 27997 0.03551 0 . 91864 0 . 03551 0.89939 
Orlando 0.01772 0.24404 0.02836 0.46138 0.03899 0 .74736 0 . 07444 2 .40603 0.08861 2 . 36790 
Little Rock 0.00319 0.04132 0.00638 0.08417 0.00638 0.12549 0 . 01755 0.40095 0 . 01755 0.42544 
Chattanooga 0.00203 0.01969 0 . 00305 0 .04032 0 . 00407 0.06001 0.00813 0 . 19127 0.00915 0.20252 

aThe values in t h is table are normalized values that allow compar i son of UAs of different sizes. Two UA 
categories (large and medium) are represented in this table. See Sec. E . 2.1.1 for methodology . 
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Risk of Exposure to Particulates 

Particulates are a respiratory irritant that affects different sections 
of the respiratory tract depending on particle size. Particulates also serve 
as a transport medium for other health stressors (e.g., As, Cd, and Pb). A 
major source of particulates is combustion of fossil fuels. Some conventional 
engines, such as diesels, emit large amounts of particulates. 

Table E.9 contains the results of projected potential for impacts from 
exposure to particulate emissions from EHVs and from equivalent numbers of 
CVs. The relative cleanliness of nuclear energy and EHVs -- at ·1east as 
far as particulate emissions are concerned -- i s highlighted by the results of 
the projections. Milwaukee , Grand Rapids, and Litt l e Rock (three cities where 
nuclear energy supplies 93% or more of ERV electricity needs by 2000) are 
projected to experience a low level of impact from EHVs . San Diego, which 
switches from 45% to 99.8% nuc l ear by 2000, is projected to experience a 
decrease in impacts between 1990 and 2000 under the LOW I, MEDIUM, and HIGH I 
scenarios and relatively low increase s under the LOW II and HIGH II scenarios. 
Dallas, Orlando, and Buffalo (cities that rely on fossil fuels for 65- 100% of 
EHV electricity demand in 2000) experience the largest projected potential for 
impact of the EHV scenarios. 

Comparison of the potential for impact from exposure to ERV-related 
particulates with that from the emissions of similar numbers of CVs r eveals 
that, as with NOx and HC, the potential for impact associated with EHVs is 
low compared to that of CVs. Potential for impact associated with EHVs is 
1.5-8.6 times less than that associated with CVs under the HIGH II scenario, 
and it is under this sce nario that the contribution of EHVs to part i culate 
exposure is greatest. 

Table E.6 contains projections of the relative potential for impact of 
particulate emissions fr om all sources without EHV penetration for five 
AQCRs. After reducing the projections shown in Table E.6 by the di fferences 
between CV and EHV potential for impact shown in Table E.9, it can be seen 
that the reduction in adverse health impact from particulates associated with 
EHV penetration is generally low but, in some AQCRs and UAs under some sce
narios, not unimportant. In the MEDIUM scenario in 2000, the r eduction in 
potential for impact i s 0.08-2.3%. In the HIGH I scenario in 2000 (the 
scenario with the greatest reduct ions), the reduct ion i n Dal las is O. 2%; in 
Cincinnati, 1.7%; in Milwaukee, 2.1%; in Buffalo, 2.8%; and in San Diego , 
7 .3% . 

Risk of Exposure to Carbon Monoxide 

Carbon monoxide is another product of incomplete combustion and is more 
prevalent in low-temperature combustion emissions than in high- temperature 
emissions. When inhaled and absorbed into the bloodstream, CO attaches more 
readily and securely to transport sites on red blood cells than does oxygen, 
thus limiting the oxygen-carrying capacity of the blood. 

Results of projections o f the potential for impact from CO under the 
EHV scenarios appear in Table E .10. ERV-related emissions of CO and the 
subsequent potential for impact are minimal . Under the LOW I scenario in 
1990, there is minimal potential for impact. Al though potential f or impact 



UA 

EHVs 

Milwaukee 
Cincinnati 
Buffalo 
San Diego 
Dallas 

Grand Rapids 
Albuquerque 
Orlando 
Little Rock 
Chattanooga 

CVs 

Milwaukee 
Cincinnati 
Buffalo 
San Diego 
Dallas 

Grand Rapids 
Albuquerque 
Orlando 
Little Rock 
Chattanooga 

Table E.9. Relative Potential for Adverse Health Impact from Particulate 
Emissions from EHVs and CVs Operating Equivalent VMTa 

LOW I 

1990 

0 
0.00135 
0.00170 
0.00273 
0.00240 

0 
0.00178 
0.00354 
0 
0 

0.00364 
0.00269 
0.00340 
0.00547 
0.00479 

0.00207 
0.00178 
0.00354 
0.00160 
0.0 

2000 

0 
0.02626 
0.03463 
0 
0.02656 

0 
0.01400 
0.04194 
0 
0.00281 

0.05372 
0.04989 
0.04782 
0 .11332 
0.07968 

0.02560 
0.02975 
0.07626 
0.01224 
0.00563 

LOW II 

1990 

0 
0.00269 
0.00170 
0.00547 
0.00479 

0.00207 
0.00178 
0.00354 
0 
0 

0.00547 
0.00538 
0.00510 
0.01094 
0.00719 

0.00207 
0.00355 
0.00709 
0.00160 
0. 00102 

2000 

0.01612 
0.05120 
0.06925 
0.03966 
0.07485 

0.00591 
0.04199 
0.07626 
0.00459 
0.00750 

0.10745 
0.09715 
0.08904 
0.23231 
0.16660 

0.04726 
0.05599 
0.14108 
0.02602 
0.01219 

Scenario 

MEDIUM 

1990 

0 
0.00404 
0.00340 
0.00547 
0.00479 

0.00207 
0.00178 
0.00709 
0 
0 

0.00729 
0.00673 
0.00681 
0.01094 
0 .00959 

0.00414 
0.00355 
0.01063 
0.00160 
0.00102 

2000 

0.00179 
0.06564 
0.08244 
0 
0.07243 

0 
0.03500 
0 .07245 
0.00153 
0.00750 

0.16476 
0.15885 
0.15005 
0.36546 
0.24327 

0.08271 
0.09449 
0.24022 
0.03979 
0.02344 

HIGH I 

1990 

0 
0.00942 
0.01021 
0.01367 
0.01438 

0.00414 
0.00533 
0.01418 
0 
0.00102 

0.01822 
0.01615 
0.01531 
0.03555 
0.02636 

0.01034 
0.00888 
0.02127 
0.00319 
0.00203 

2000 

0.01254 
0.23630 
0.26382 
0.00283 
0.28974 

0.00197 
0 .13998 
0.22878 
0.00612 
0.02813 

0.54620 
0.51461 
0 .48477 
1.16438 
0.78229 

0.26781 
0 .31321 
0.77786 
0 .13008 
0.06188 

HIGH II 

1990 

0 
0.01076 
0.01021 
0.01641 
0.01678 

0.00414 
0 .00533 
0.01418 
0 
0.00102 

0.01822 
0.01749 
0.01531 
0.03828 
0.02636 

0.01034 
0.00888 
0.02127 
0.00479 
0.00203 

2000 

0.07521 
0.29144 
0.29515 
0.14732 
0.42495 

0.02954 
0.16973 
0.30504 
0.02142 
0.03563 

0.55337 
0.50542 
0.46498 
1. 21254 
0.83540 

0.25600 
0.29921 
0.74354 
0 .13314 
0.06376 

arhe values in this table are normalized values that allow comparison of UAs of different sizes. Two UA 
categories (large and medium) are represented in this table. See Sec. E.2.1.1 for methodology. 
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UA 

EHVs 

Milwaukee 
Cincinnati 
Buffalo 
San Diego 
Dallas 

Grand Rapids 
Albuquerque 
Orlando 
Little Rock 
Chattanooga 

CVs 

Milwaukee 
Cincinnati 
Buffalo 
San Diego 
Dallas 

Grand Rapids 
Albuquerque 
Orlando 
Little Rock 
Chattanooga 

Table E.10. Relative Potential for Adverse Health Impact from CO 
Emissions from EHVs and CVs Operating Equivalent VMTa 

LOW I 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

1990 

0.15121 
0.14532 
0.13612 
0.26526 
0.21809 

0.09307 
0.07635 
0 . 20558 
0.03829 
0 .01931 

2000 

0 
0.00788 
0.00824 
0 
0.00966 

0 
0.00525 
0.01525 
0 
0.00094 

1. 83560 
1.65674 
1. 5 7962 
3.20418 
2.74524 

0.83101 
0. 91164 
2.53949 
0.42391 
0.20252 

LOW II 

1990 

0.02733 
0.02422 
0.02042 
0.04649 
0.04554 

0.01034 
0.01243 
0.02836 
0.00479 
0.00305 

0.25323 
0 .23278 
0.21438 
0.44027 
0.39065 

0 .13443 
0.12073 
0.31546 
0.06381 
0.04167 

2000 

0.47994 
0.42666 
0.38419 
2 .07096 
0.99476 

0.19298 
0.23447 
0.60246 
0 .11784 
0.05813 

3.67120 
3.25834 
2 .97786 
6 .43668 
5. 79471 

1 . 56553 
1.75329 
4.75869 
0.87230 
0.41535 

Scenario 

MEDIUM 

1990 

0 
0.00135 
0 .00170 
0.00273 
0.00240 

0 
0.00071 
0.00354 
0 
0 

0.32246 
0 .30678 
0.28584 
0.46762 
0 .47213 

0.20061 
0.15624 
0.42889 
0. 07977 
0.04167 

2000 

0 
0.02626 
0.02308 
0 
0.02414 

0 
0.01575 
0.03050 
0 
0.00281 

5. 49784 
5 .11725 
4.80975 
9. 99216 
8.22607 

2.54620 
2.85565 
7.72523 
1.28855 
0.61412 

HIGH I 

1990 

0 
0.00404 
0.00340 
0.00547 
0.00479 

0.00207 
0.00178 
0.00354 
0 
0 

0.76333 
0. 70910 
0.66697 
1. 2934 7 
0. 67105 

0.40330 
0.37285 
0.97121 
0.18187 
0.09148 

2000 

0.00537 
0.09190 
0.09893 
0 
0.09658 

0 
0.05249 
0.09914 
0.00306 
0.00938 

17.61815 
16.32976 
15.35428 
31.40150 
25.88303 

8.19590 
9.35435 

24. 69711 
4 .11970 
1. 96237 

HIGH II 

1990 

0.03097 
0.03229 
0 .02892 
0.06016 
0.05512 

0.01655 
0.01775 
0.03899 
0.00793 
0.00305 

0.77973 
0.71717 
0.67037 
1. 32628 
1.14319 

0.40123 
0.37818 
0.97475 
0.18666 
0.09453 

2000 

2.01826 
1.84315 
1.65052 
3.98043 
4 .87721 

0.84086 
1.04112 
2.55856 
0.50195 
0.24659 

18.39716 
16 .54112 
15. 21743 
33.68210 
28.49306 

8.06987 
9.17937 

24.36157 
4 . 37680 
2.08426 

aThe values in this table are normalized values that allow comparison of UAs of different sizes. Two UA 
categories (large and medium) are represented in this table . See Sec. E.2.1.1 for methodology. 
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increases slightly under the LOW I scenario in 2000, projected levels for this 
scenario and for the MEDIUM and HI GH I scenarios are small compared to projec
tions under the LOW II and HIGH II scenarios (by a factor of 16-375, depending 
on scenario and year). This difference reflects the number of HVs included in 
the LOW II and HIGH II scenarios and their CO emissions. 

Under the LOW II and HIGH II scenarios, Dallas and San Diego are 
projected to experience th·e greatest potential for impact from EHV-related 
CO. Chattanooga and Littl e Rock are proj ected to experience the least poten
tial for impact. The increased penetration of HVs from 1990 to 2000 results 
in increased potential for impact (from 16 to 43 times that under the LOW II 
scenario and from 4 to 87 times that under the HIGH II scenario) depending on 
the UA. 

Comparing the potent ial for impact from EHV-related CO emissions with 
that from emissions from a similar number of CVs ind icates that the potential 
for impact associated with EHVs is low compared to that o f CVs . The potential 
for impact from projected levels of CO due to EHV use under the HIGH II 
scenario in 2000 (the scenario for which the contribution of EHVs to CO 
exposure is greatest) is smaller by a factor of nine in Milwaukee, Cincinnati, 
and Albuquerque; by 9.7 in Orlando; by 9.5 in Grand Rapids; by 9.2 in Buffalo; 
by 8.7 in Little Rock , by 8.6 in Chattanooga and San Diego; and by 5.6 in 
Dallas than that from equivalent numbers of CVs. 

Table E .6 cont ains projections of the relative potential for impact of 
CO emissions from all sources without EHV penetration for five AQCRs. After 
reducing the projections shown in Table E.6 by the differences between CV 
and EHV potential for impact shown in Table E .10, it can be seen that the 
reduction in adverse impact from CO associated with EHV penetration in AQCRs 
and UAs can be quite substantial. I n the MEDIUM scenario in 2000, the reduc
tion in potential for impact ranges from 2.5% in Dallas to 6.6% in San Diego. 
In the HIGH I scenario in 2000 (the scenario with the greatest reductions), 
the reduction in Dallas is 7.8%; in Milwaukee, 11.7%; in Buffalo, 17.3%; in 
Cincinnati, 20.6%; and in San Diego, 20.8%. 

E.2.2 Risks from Aquatic Effluents 

The assessment of potential public health effects from water pollutants 
generated in the EHV scenarios is based on data presented in Sec. D.3, where 
national loadings for major water pollutants from vehicle production, vehicle 
operation, and fuels production are projected. For nearly all pollutants 
(except TDS and organics), the EHV scenario pollut ant levels are greater than 
those generated for a comparable number of CVs. However, when the EHV water 
pollutant loadings are compared with 197 5 national background loadings for 
pollutants for which information is available, the comparisons indicate that 
the increases associated with the EHV scenarios will not pose a major water
related health threat. 

Public health impacts may occur, however, in local areas as a result of 
EHV-related aquatic discharges. The physical and chemical characteristics of 
the receiving waters (e.g., flow, buffering capacity, and pH) and use of 
receiving water by human populations ( as drinking water, for recreation, or 
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for food processing) and the local ecosystems all can significantly change 
the potential health impacts of wastes discharged by EHV-related activities . 

The most important of the assessed pollutants in terms of potential for 
causing human health impacts are heavy metals and dissolved solids. Other 
pollutants with potential direct or indirect human health consequences (e.g., 
TSS and BOD) can be re latively easily and inexpensively removed from effluent 
streams. The HIGH scenarios are projected to cause the most heavy metals and 
dissolved solids to be discharged from EHV-related vehicle and fuels produc
tion and vehicle operation. Site-specific characteristics regarding the 
discharge and transport of EHV-related aquatic pollutants will have the most 
impact in determining the presence and extent of human health effects. 

E.2.3 Risks from Solid Wastes 

The assessmen t of potential public health effects from solid wastes 
generated by mining and manufacturing of materials and fuels for, operation 
of, and decommissioning of EHVs is based on the solid waste residual data pre
sented in Sec. D.4. The occurrence of public health effects from EHV-related 
solid wastes is a function of: (1) volume and composition of the waste, (2) 
disposa l method, (3) mode of environmental transport, and (4) populations at 
risk. 

Solid waste generated as a result of EHV market penetration contain 
toxic substances. Heavy metals and both organic and inorganic salts are found 
in tailings, slags, and sludges. The degree of containment of these toxic 
substances within the disposal site depends on the disposal methods dictated 
by legislation and regulation and their implementation. Inclusion of all 
EHV-related solid wastes under RCRA and similar local legislat ion is not a 
foregone conclusion. While h ighly concentrated toxic wastes, such as those 
generated during battery manufacture, will most likely be defined as hazardous 
(and thus subject to "cradle-to-grave" handling requirements), more voluminous 
but less harmful wastes generated during mining, milling, and e l ectricity 
generation may be categorized as special or nonhazardous. These require less 
rigorous disposal methods, which increases the potential for environmental 
release. 

Environmental release of toxics found in solid wastes occurs primarily 
as a result of transport in water. Structural failure of waste disposal sites 
may result in surface water contamination, but groundwater infiltration is 
the primary transport mode and major area of concern. Judicious site selec
tion, impermeable disposal site liners, and chemical fixation can help reduce 
infiltration. 

Toxics in aquatic systems may reach human populations directly via 
contaminated drinking water and indirectly via food chain cycling. The degree 
of direct exposure i n terms of severity and extent depends on the proximity of 
populations to disposal sites, groundwater characterist ics, and demography of 
the exposed populations. The impact of indirect cycling depends on the 
resistance of the toxic material to biological breakdown and the chemical and 
physical similarity between the toxic materials and nutrients. For e xample, 
lead is a toxic solid waste released through battery d isposal that i s similar 
to calci1.m1 and that is easily transmitted through terrestrial and aquatic food 
chains. 
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The volume of so lid wastes projected under the EHV scenarios appears 
small relat i ve to national solid waste volumes. Therefore, disposal of these 
wastes does not appear to create a national health problem. However, health 
impacts from solid wastes may be of c oncern at the s ite-specific level. The 
seriousness of the problems wi ll be greatly affected by RCRA, siting pro
cedures, and disposal methods. 

The specific type of waste that has the most po t ential for adverse 
health impact varies with the scenarios. Lead processing wastes are greatest 
under LOW II, while wastes from the manufacture of plastics are greatest under 
HIGH II. The HIGH scenarios produce the greatest quant i ties of mineral 
tailings, and HIGH I generates the greatest amount of slag for disposa l . 
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APPENDIX F 

UTILITY IMPACT ANALYSIS 

F .1 METHOD 

A flowchart of the overall analysis procedure is presented in Fig. 
F . 1. First, three scenarios (LOW I, MEDIUM, and HIGH I) and two years ( 1990 
and 2000) were selected for detailed analysis of the 158 UAs in which EHVs are 
projected to penetrate. Although all electricity is assumed to be off peak, a 
very smal 1 amount of electricity is necessary at midday for bus charging. 

Second, a demand al l ocation analysis is performed to determine demand 
on a utility-service-area basis rather than on an urbanized-area basis. This 
step is necessary as a general pr act ice to provide inputs for the computer 
analysis that is desc r ibed in Sec. F.1.1. In general, there is not a one-to
one correspondence between UAs and utility service areas. For example, the 
New York-New Jersey UA is served by three utilities -- Consolidated Edison Co. 
of N.Y., Inc., Long Island Lighting Company, and Public Service Electric & 
Gas Company (PSE&G). Therefore, UA EHV electricity demand is prorated to each 
utility service area in proportion to the number of customers within the UA 
served by the utility. Ref. F . 1 is used as the bas is for proration. Con
versely, one util i ty can service more than one UA. For example, PSE&G serves 
the New York-New Jersey and the Philadelphia- Trenton UAs . In this case, the 
fraction of the New York-New Jersey demand served by PSE&G is added to the 
Philadelphia- Trenton demand to obtain total PSE&G demand. The resulting 
demands for 164 utilities are used as input to the Recharge Capacity Projec
tion (RECAP) model, which al locates demand by fuel type (nuclear, coal, oil 
base, gas base, oil peaker, gas peaker, hydro, and other).F,2 

These data are then resubjected to the demand allocation analysis to 
determine utility demand by fuel type for each of the 158 UAs. The required 
input energy (nuclear, coal, oil, and gas) is then calculated using repre
sentative heat rates for each type of plant ( see Table F .1). These data 

Table F.l. Representative Heat Rates and Efficiencies 

Heat Rate Efficiency 
Plant Type (Btu/kWh) (%) 

Nuclear 10,666 32 

Coal 10 , 176 34 

Oil (base) 10,826 32 

Oil ( peak) 13,800 25 

Gas (base) 10,733 32 

Gas ( peak) 13,800 25 

Source: Ref. F.3 . 
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then are aggregated to provide totals for the 10 federal regions as well as 
national totals. (Regional and national totals for the LOW II and HIGH II 
scenarios are obtained by linear interpolation.) 

F.1.1 Description of Model and Data Base 

Figure F.2 illustrates the three RECAP modules: (1) the demand module, 
(2) the capacity module, and (3) the recharge capacity module.* The demand 
module takes individual electric ut i lity yearly demand data, regiona l demand 
data, and regional hourly load curves for 1974 and produces estimated future 
hourly load curve adjustment factors for each utility. The capacity module 
takes current and projected individual power plant data and regional projec
tions and produces future electric utility capacity projections by the type of 
fuel used in generating electricity. The third module combines the output 
from the first two modules and produces estimates of the capacit i es by fuel 
type available to recharge electric cars. 

The model uses the March 19, 1977, Federal Power Commission (FPC ) 
Generating Reference File to estimate future generating capacity to 1985. To 
estimate capacity additions after 1985, the model uses estimates reported 
to the FPC in April, 1976, by the nine regional electric reliabi l ity councils. 
Each counci l annually reports the ant icipated load of its region and the 
generating capacity necessary to serve that load by year for 11-20 yr into 
the future. Sources of the projected capacity to be installed in this period 
(hydro, nuclear, fossil-fueled, peaking, unassigned, and other) are given by 
percentages. These capacity projections reflect current electric utility 
planning and take into account estimates of future regulations, fuel avail
ability, and electricity demand. Adjustments are made for burning coal 
rather than oil in all new plants after 1985 and for burni ng oil instead of 
gas and coal in place of oil in plants that are designated to handle these 
secondary fuels on a continuous basis. 

As with estimating future capacity, electricity demand 1s estimated on 
a utility- by-utility bas i s. Three data sources are used: 

• Individual utility estimates of total megawatt - hours 
and peak summer and winter l oad through 1985. 

• National Electric Reliabil ity Council (NERC) regional 
estimates for total megawatt-hours and peak summer de
mand for 1986-1995. 

• Actual 1974 hourly load data for 40 areas ( power supply 
areas [PSAs] or groups of PSAs) in the contiguous United 
States . 

Available r echarge capacity is the difference between t otal net de
pendable capacity (adjusted to reflect maintenance requirements and equipment 
failures) and tota l demand. It must be measured on an hourly basis for each 
individual utility. RECAP estimates available recharge capacity for each of 

*A more detailed mode l and data base description can be found 1n Ref. F . 2. 
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190 utility systems. It also estimates the fue ls that will be required to 
operate the generating units available to be us e d in the recharge process. 
The generating units prov id ing the c apacity are divided into 10 unit/fuel 
types: conventional hydroelectric, nuclear, coal, base and i ntermed iate load 
oil, base and intermediate load gas, othe r (methanol, geothermal steam, waste 
heat, and refuse), pumpe d storage, peak load oil, peak load gas, and unknown. 
Generating unit scheduling for' an all-thermal system is assumed to be based on 
operating costs . The following scheduling sequence is assumed: 

• Nuclear (steam turbines). 

• Coal (steam turbines) . 

• Oil -- base and intermediate (ste am turbines, combined 
cycle). 

• Gas -- base and intermediate (steam turbines, combined 
eye le). 

• Other (methanol, waste heat, refuse, geothermal, steam). 

• Oil 

• Gas 

peak load (jet engines, combustion turbines). 

peak load (combustion turb ines). 

Conventional h ydroelectric powe r plan ts are scheduled t o be used before 
oil and gas units. The y are also operated to use all available hydroelec tr ic 
energy each day. Pumped storage is operated a f ter base and inte rmed i a t e load 
oil but only if there i s available c oa l or nuclear capacity earlier in the 
day. The available coal and/or nuclear capacity is reduc ed appropriately to 
generate available pumped s~orage energy. Unknown capacity is assumed to be 
in propor t ion t o the fuel mix of the utility. 

F. 1 .2 Limitations of RECAP Model and Data Base 

The version of the RECAP mode 1 and the supporting data base used for 
this analysis have several limitations that could affect the results pre
sented in the next section . These limitations are largely due to the use of 
1976 demand and capacity projections and to necessary simplifications made in 
modeling the U.S. electricity supply network. 

F .1.2.1 Date Base Limitations 

At the time the model was originally developed i n 1977, the most 
current projections o f electricity supply and demand were f rom 1976. Although 
th is data base is b eing upda ted, the revision was not complete at the time of 
the analysis. Current projections d i ffe r from the 1976 projections in two 
ways . First, following a t rend begun in 19 74, current demand and supply pro
jections are down from the 1976 proj ections. The c urren t NERC proj ection of 
d emand in the year 2000 is 6.2 mill i on gigawatt hour s (GWh) as agains t the 
1976 NERC projection of 7.9 million GWh. Since EHV demand for electricity has 
been specified independently of the national electr icity supply and demand 
projections , use of the 1976 NERC proj ect ions rather than current projections 
results in und e r e stimating the relative overall impact o f e a ch ERV scenario by 
about 20%. In other words, less total capac i ty will be available for ERV 
charging than t h e 19 76 projections would indicate. 



421 

The second disparity between 1976 and current projections concerns the 
role of nuclear power. Even prior to the Three Mile Island incident, a 
reduced role for nuclear was projected. Therefore, using the 1976 projections 
overestimates the quantity of nuclear energy used for charging EHVs and 
underestimates energy from other sources, particularly coal. 

Several UAs were not part of the original Ref. F.2 data base but were 
approximated in that study by using data from nearby utilities; Fall River, 
Massachusetts; Biloxi, Mississippi; Brockton, Massachusetts; Modesto, Califor
nia; and Texas City, Texas. 

Several other UAs were not part of the Ref. F.2 data base and were 
approximated for this analysis by looking at current trends for each UA: San 
Juan, Puerto Rico; Ponce, Puerto Rico; Tampa, Florida; Honolulu, Hawaii; and 
Tucson, Arizona. This resulted in using oil for all EHV charging in Puerto 
Rico and Hawaii and coal in Tampa and Tucson. These five UAs represent 
approximately 2.4% of the total energy required for EHV charging independent 
of year and scenario. 

F.1.2.2 Model Limitations 

Modeling the U.S. electricity supply system is a very difficult task. 
Individual electric utilities have developed very large and expensive computer 
programs to assess individual system cos ts and performance. There fore, some 
simplifications are necessary in order to model the ent i re U.S. supply net
work. 

The first simplification is to ignore the role of uti l ity interconnec
tions and treat each utility independent ly. In the case of utilities that 
purchase a significant fraction of their electricity from neighboring utili
ties, the RECAP model will find very little, if any, energy available for 
charging of EHVs. In order to compensate for this effect, additional capa
city, representative of the systems from which energy is purchased, has been 
assumed to be avai l able for all unmet energy demands found by the RECAP 
model. This correction ranges from 2.5% of total charging energy for the 1990 
LOW I scenario to 6.2% for the 2000 HIGH I scenario. However, the effect is 
quite large for Federal Region X, ranging from 52% for the 1990 LOW I sce
nario to 66% for the 2000 HIGH I scenario. Even in the cases where RECAP 
finds no unmet load, ignoring utility interties overestimates the consumption 
of oil and gas, and underestimates the consumption of coal and nuclear fuel. 

The second simplification concerns scheduling units for maintenance . 
Individual utilities use a complicated optimization procedure to schedule 
units down for maintenance, which minimizes the loss of energy production 
from their more efficient coal and nuclear units. The RECAP model schedules 
maintenance uniformly throughout the year. This underestimates the contribu
tion of coal and nuclear capacity to recharging EHVs and overestimates oil 
and gas consumption. 

F.2 ANALYSIS 

This section summarizes the electricity requirements for ERV charging 
and the types and amounts of fuel used to meet this demand. In Tables F. 2-
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F .11, the summaries are aggregated to the 10 federal regions for each of the 
five EHV scenarios for years 1990 and 2000.* The total row gives the U.S. 
summary. Types of generation other than nuclear, coal, oil, and gas have been 
ignored. Except for Federal Region X (Northwest), where hydro provides 9% of 
the charging energy in 1990 but only less than 1% in 2000, and Federal Region 
I X (West), where hydro and pumped storage represent 4% in 1990 and 5-10% in 
2000 (depending on the scenario), a l l contributions from other sources are 
assumed negligible. The fuel resource requirements are found by multiplying 
the busbar energy by the heat rates in Table F.l. 

Approximately 80% of a l 1 the energy used 1.n al 1 scenarios to charge 
EHVs comes from coal and nuclear capacity . The _ relatively high percentage of 
electricity generated by oil ( 17%) is due primarily to three o f the federal 
regions. Federal Reg i on IX accounts for 45% of the oil consumed in electr i 
city generation in 1990 and 25% in 2000. This can be attributed in large part 
to environmental considerations , which preclude the use of coal i n California. 
Federal Region IV (South Atlantic) accounts for 25% of the oil consumption in 
1990, but this £al ls to 20% in 2000 . This level of consumption is due en
tirely to Florida (67%) and Puerto Rico (33%). ** In these areas, it has 
been more economic to burn oil than coal. Federal Region I I (New York-New 
Jersey is the thi r d highest oil-consuming region, accounting for 15% of the 
oil in 1990 and 50% in 2000. This sharp increase in oi l consumption in 2000 
is probably due to the heavy dependence of New York on oil and to relatively 
high EHV demand (see Table F.12). 

Essentially all of the gas consumption comes from Federal Region VI 
(Southwest) . This is due to the almost total dependence on natural gas 1.n 
Texas. However, total gas consumption fo r charging EHVs declines from 40% in 
1990 to 25% in 2000, as Texas switches from natural gas to coal. 

Table F .12 summarizes total demand for electricity as well as the 
percentage of that demand required to recharge EHVs in the LOW I , MEDIUM, and 
HIGH I scenarios. Projected demand for the 158 UAs represents approximately 
80% of total U.S. demand. The EHV demand in Federal Region II consistently 
represents a percentage three times higher than the national average for all 
scenarios. This can be attributed to the large truck and bus population in 
New York Ci ty. For the HIGH I scenario in 2000, EHV demand is approximately 
8% of the total demand in Federal Region II. For the HIGH I scenario in 2000, 
EHV demand exceeds 10% of projected demand for the f ive util it ies shown in 
Table F.13. 

The avai l able energy on the utility peak day generally determine s the 
number of EHVs that can be supported without expanding generating capacity. 
If we assume the EHV charging demand is spread uniformly over the year, the 
percentage of annual utility generation that can be used to charge EHVs can 

* Section F.3 contains the results for individual UAs for HIGH I 1.n 2000 . 
Summaries for 10 UAs for all time periods and scenarios also are contained 
in Sec . F.3. See Fig. A.8 for a map of the 10 federal reg i ons. 

**For the purposes of this analysis, Puerto Rico is included 1. n Federal 
Region IV. 



Table F . 2. Summary of Fuels Used to Charge EHVs, LOW I, 1990 

Total Total Nuc lear Nuclear Coal Coal Oil Oil Gas Gas 
Federal Busbar Resource Busbar Resource Busbar Resource Busbar Resource Bus bar Resource 

Region (GWh) 009 Btu) (GWh) ( 109 Btu) (GWh) (lo9 Btu) (GWh) 009 Btu) (GWh) (109 Btu) 

I 48 508 40 . 2 429 4.2 43 3.3 36 0 0 
II 202 2,090 33.3 355 140. 0 1,425 28 . 6 310 0 0 
III 130 1 ,337 17. 6 188 111. 2 1,132 l . 6 17 0 0 
IV 164 1 ,711 30.2 322 85.5 870 47.9 519 0 0 
V 245 2,549 103.0 1,099 139. 9 1,424 1.4 16 0 .8 10 
VI 102 1, 072 11.5 123 39.5 40 2 10. 9 118 40.0 429 
VII 52 536 13 .8 14 7 38.1 388 0 0 0.1 1 
VIII 22 222 0 0 21. 8 222 0 0 0 0 
I X 152 1,632 50 .6 540 8.9 91 92 . 5 1,001 0 0 
X 30 322 20.4 218 4 . 3 44 5 . 5 60 0 0 

Total 1,147 11,979 321 3,421 593 6,041 192 2 ,077 41 440 

.i,-
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Table F.3 . Summary of Fuels Used to Charge EHVs, LOW II, 1990 

Tota l Total Nuclear Nuclear Coal Coal Oil Oil Gas Gas 
Federal Busbar Resource Busbar Resource Busbar Resource Bus bar Resource Busbar Resource 

Region (GWh) (109 Btu) ( GWh) (109 Btu) (GWh) (109 Btu) (GWh) (lo9 Btu) (GWh) (lo9 Bt u) 

I 82 869 68 . 0 725 7.6 77 6. l 67 0 0 
II 344 3,556 56.7 605 241 .5 2 , 458 45.6 493 0 0 
III 22 3 2 ,283 31.8 339 18 7 . 4 1,907 3.4 37 0 0 
IV 278 2,909 51. 7 551 145. 0 1 ,476 81.5 882 0 0 
V 416 4,328 175.0 1,867 237 . 8 2,420 2 . 5 29 0 . 9 12 
VI 17 2 1,812 19. 3 206 66, 7 679 18. 8 207 67.0 720 
VII 88 907 23.4 250 64.4 655 0 0 0.2 2 
VIII 36 369 0 0 36.1 367 0.2 2 0 0 
IX 258 2,766 85 .6 913 14 . 9 15 2 157.l 1,701 0 0 
X 52 558 35.3 377 7 . 2 73 9.9 108 0 0 

Total 1,949 20,357 547 5,833 1,009 10,264 325 3,526 68 734 



Table F.4 . Summary of Fuels Used to Charge EHVs, MEDIUM, 1990 

Total Total Nuclear Nuclear Coal Coal Oi 1 Oil Gas Gas 
Federal Busbar Resource Busbar Resource Busbar Resource Busbar Resource Busbar Re source 

Region (GWh) (109 Btu) (GWh) (lo9 Btu) (GWh) (109 Btu) (GWh) (109 Btu) (GWh) (109 Btu) 

I 105 1 , 119 87.2 930 9· . 9 101 8.1 88 0 0 
II 442 4,568 72.9 778 311. 5 3,170 57.3 620 0 0 
III 286 2,937 41.6 444 240· .0 2,442 4.7 51 0 0 
IV 357 3,736 66.6 710 186 .0 1 ,893 104. 7 1, 133 0 0 
V 534 5,555 224.6 710 186.00 1,893 3.3 38 1.0 14 
VI 220 2,321 24.7 263 85 .4 869 24.3 269 85.7 920 
VII 113 1, 166 30 .1 321 82 .5 840 0 . 3 3 0.2 2 
VIII 46 467 0 0 45. 9 467 0 0 0 0 
IX 330 3,546 109.7 1,170 19.0 193 201.6 2,183 0 0 
X 68 722 45 . 6 486 9.3 95 13 .0 141 0 0 

Total 2,502 26,137 703 7,498 1,295 13 ,1 77 417 4,526 87 936 

~ 

Table F.5. Summary of Fuels Used to Charge EHVs, HIGH I, 1990 N 
~ 

Total Total Nuclear Nuclear Coal Coal Oil Oil Gas Gas 
Federal Busbar Resource Bus bar Resource Bus bar Resource Busbar Resource Busbar Re source 

Region (GWh) (109 Btu) (GWh) (109 Bt u) (GWh) ( 109 Btu) (GWh) (109 Btu) (GWh) (109 Btu) 

I 274 2 ,909 224. 9 2,399 27.2 277 21. 5 233 0 0 
II 1,158 12,005 189. 5 2,021 776 .8 7,905 191.8 2,079 0 0 
III 754 7,727 99.2 1,058 638.7 6,499 15 . 7 170 0 0 
IV 926 9,683 171.0 1,824 482.4 4,909 272 .5 2,950 0 0 
V 1,400 14,561 585 . 3 6,243 800.8 8,149 11 .8 133 2.6 36 
VI 575 6,076 65.8 702 220.9 2,248 65 .0 72 2 223.8 2,404 
VII 295 3,037 76.5 816 217 .0 2,208 0.7 8 0 . 5 5 
VIII 121 1,232 0.2 2 120.9 1,230 0 0 0 0 
IX 863 9,266 277. 7 2,955 48.6 495 537.2 5,816 0 0 
X 171 1,817 116.7 1,245 23 .2 236 31.0 336 0 0 

Total 6,537 68,313 1,806 19,265 3,357 34, 156 1,147 12,447 227 2 ,445 



Table F.6. Summary of Fuels Used to Charge EHVs, HIGH II, 1990 

Total Total Nuclear Nuclear Coal Coal Oil Oil Gas Gas 
Federal Bus bar Resource Busbar Resource Bus bar Re source Busbar Resourc e Bus bar Resource 

Region (GWh) (109 Btu) (GWh) (109 Btu) (GWh) ( 109 Btu) (GWh) (109 Btu) (GWh) (lo9 Btu) 

I 273 2,907 224. 7 2,397 2 7. 2 277 21.5 233 0 0 
II 1,157 11,992 189.3 2,019 776.0 7,897 191. 6 2,076 0 0 
III 753 7,719 99.1 1 , 057 638.0 6,492 15.7 170 0 0 
IV 925 9,673 170 . 8 1,822 481. 9 4,904 272. 2 2,947 0 0 
V 1,399 14,546 584.7 6,237 799.9 8,140 11.8 133 2.6 36 
VI 575 6,068 65.7 701 220.7 2,245 64.9 721 223.6 2,401 
VII 294 3,034 76.4 815 216.7 2,206 0. 7 8 0.5 5 
VIII 121 l, 231 0.2 2 120. 8 1,229 0 0 0 0 
IX 862 9,256 276 .7 2,952 48. 6 494 536.6 5,810 0 0 
X 171 l, 816 116. 6 1,244 23.2 236 31. 0 336 0 0 

Total 6,530 68,240 1,804 19,244 3 ,353 34,120 1,146 12,434 227 2,442 

.s:--
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Table F.7. Summary of Fue ls Used to Charge EHVs, LOW I, 2000 

Total Total Nuclear Nuclea r Coal Coal Oil Oil Gas Gas 
Federa l Busbar Resource Busbar Resource Busbar Re source Busbar Resourc e Bus b ar Resource 

Region (GWh) (109 Btu) (GWh) (109 Btu) (GWh) (10 9 Btu) (GWh) (lo9 Btu) (GWh) (109 Btu) 

I 748 7,986 713. 0 7,606 4.0 41 30. 9 339 0 0 
II 3,151 33,233 592 .l 6,316 1,404.3 14 ,290 1,154.9 12,626 0 . 1 l 
Ill 2 ,054 21,097 390 .1 4, 161 1,651.4 16,805 12 .1 131 0 0 
IV 2,513 26,769 664 .1 7,084 1,240.9 12,627 592. 1 6 ,886 16.0 172 
V 3,813 39,980 2,363.8 25,215 1,438 . 2 14, 635 8.9 100 2 .2 30 
VI 1,572 16,556 496 .5 5,296 618. 5 6,294 37 .4 422 420.0 4,544 
VII 805 8,334 290 .2 3,096 514 .0 5,230 0 . 5 5 0.3 3 
VIII 331 3,366 0.5 5 330.4 3, 361 0 0 0 0 
IX 2,311 24,381 1,160.1 12,375 689 .1 7,012 401.5 4,346 60.4 648 
X 488 5, 169 407.9 4,351 76.5 778 3 . 7 40 0 0 

Total 17 ,786 186,871 7,078 75,505 7,967 81,073 2,242 24 ,895 499 5,398 



Table F.8. Summary of Fuels Used to Charge EHVs, LOW II, 2000 

Total Total Nuclear Nuclear Coal Coal Oil Oil Gas Gas 
Federal Bus bar Resource Bus bar Resource Bus bar Resource Bus bar Re source Busbar Resource 

Reg i on (GWh) (109 Btu) (GWh) (109 Btu) (GWh) (109 Btu) (GWh) (1Q9 Btu) (GWh) (lo9 Btu) 

I 1,467 15,668 1,395.3 14,884 11 .2 114 60.7 670 0 0 
I I 6,188 65,833 1,131.2 12 , 067 2,531.5 25,760 2,525. l 28,002 0.3 4 
III 4,046 41,566 739.0 7,883 3,261.0 33, 185 46 . 0 498 0 0 
IV 4,954 52,636 1 ,290.4 13 , 764 2,490.6 25,345 1 ,140.0 13, 174 32.8 353 
V 7,517 78,759 4,541 .4 48,444 2,948.8 30,007 23.4 258 3 . 7 so 
VI 3,106 32,692 982.0 10,479 1,240 . 9 12,627 75 .9 1,860 807.4 8,731 
VII 1,588 16,450 589.5 6,288 997 . 2 10,147 0.9 9 0.6 6 
VIII 656 6,671 0.8 9 654. 7 6,662 0 0 0 0 
IX 4,507 47,591 2,195.6 23,420 1,299.4 13,223 901. 3 9,757 111. 0 l, 191 
X 963 10,190 793.8 8 , 467 162.7 1,655 6 . 2 68 0 0 

Total 34, 992 368,056 13,659 145,700 15,598 158,725 4 , 780 53,296 956 10,335 

_p, 
N 
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Table F.9. Summary of Fue l s Used to Charge EHVs, MEDIUM, 2000 

To t al Total Nuclear Nuclear Co al Coal Oil Oil Gas Gas 
Federal Busbar Resource Busbar Resource Bus bar Resource Busbar Re source Busbar Resource 

Region (GWh) (109 Btu) (GWh) 009 Btu) (GWh) (109 Btu) (GWh) (109 Btu) (GWh) ( 109 Btu) 

I 2,277 24,316 2,163.4 23,077 19.4 197 94.2 1,042 0 0 
II 9,606 102,528 1,738. 1 18,540 3,800.2 38,671 4,067.4 45,310 0.5 7 
III 6 , 28 9 64,606 1,131.7 12,072 5, 0 72 . 9 51,622 84.2 912 0 0 
VI 7,701 81,753 1,995.3 21 ,284 3,897 .4 39 , 660 1 ,756. 7 20,253 51. 8 556 
V 11,687 122,407 6,922.6 74 , 590 4,649.1 47,309 39 . 7 435 5.3 73 
VI 4,83 2 50 , 856 1,528.4 16,303 1,941.4 19,756 119 . 2 1,354 1,243.5 13,443 
VII 2,470 25 , 588 926.4 9,882 1, 541 . 1 15,682 1. 3 14 0 . 9 10 
VIII 1,021 10 , 389 1.2 13 1,019 . 7 10,376 0 0 0 0 
IX 6,979 73,7 17 3,361.1 35,853 1 , 986 .4 20,214 1 ,463.8 15,847 168.0 1,803 
X 1 ,492 15,842 1,228.1 13,100 2 59. 7 2,643 9.1 99 0 0 

Total 54 , 359 572,002 21,066 224,714 24, 18 7 246,130 7,636 85,266 1,470 15,892 



Table F .10. Summary of Fuels Used to Charge EHVs, HIGH I, 2000 

Total Total Nuclear Nucle ar Coal Coal Oil Oil Gas Gas 
Federal Busbar Resource Busbar Resource Bus bar Resource Bus bar Resource Bus bar Resource 

Region (GWh) 009 Btu) (GWh) (109 Btu) (GWh) (109 Btu) (GWh) (109 Btu) (GWh) (lo9 Btu) 

I 7,345 78,427 6,932.1 73,945 148.8 1,514 264.2 2,968 0 0 
II 30,889 342,444 5,816.8 62,048 11,713 . 3 119,195 13,333.0 160,842 26 .0 359 
III 20,246 207,967 3,299.6 35,197 16,453.0 167,426 493 .6 5,344 0 0 IV 25,005 264,137 6,059.3 64,637 13,125.7 133,567 5,694.5 64,591 125. 0 1,342 
V 37,682 393,743 20,785.0 221,714 16,808 . 0 171,035 81.4 889 7.6 105 
VI 15,731 165,288 4,969.5 53,010 6,700.3 68,182 394 . l 4,479 3,667 .0 39,617 
VII 8,026 82,932 2,541.4 27,109 5,474.6 55,710 8.6 97 l.5 16 
VIII 3,335 33,937 1. 2 13 3,333.7 33, 924 0 0 0 0 IX 21,911 232,620 10 , 310 . 7 109,984 4,474 .1 45,528 6,680.3 72, 321 446.0 4,787 
X 4,840 51,128 3,780.8 40,330 1,026.2 10,443 32 . 5 355 0 0 

Total 175,010 1,852,623 64,497 687,987 79,258 806,524 26 ,982 311,886 4,273 46,226 
- - -
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Table F .11. Summary of Fuels Used to Charge EHVs, HIGH II, 2000 

Total Total Nuclear Nuclear Coal Coal Oil Oil Gas Gas 
Federal Bus bar Resource Busbar Resource Bus bar Resourc e Bus bar Re source Bus bar Resource 

Region (GWh) 009 Btu) (GWh) (109 Btu) (GWh) ( 109 Btu) (GWh) (109 Btu) (GWh) ( 109 Btu) 

I 7,122 76,042 6,721.9 71,702 143.1 1,456 256.7 2,883 0 0 
II 29,951 331,867 5,637.0 60,130 11,364 . 5 115,645 12 ,924.6 155, 749 24.9 343 
III 19,631 201,647 3,204.0 34,177 15,951.4 162,321 475.6 5,149 0 0 
IV 24,242 256,096 5,880.2 62, 724 11,718.9 129,428 5,520.9 62,637 121.8 1,307 
V 36,536 381,785 20,177.0 215,228 16,272.0 165,584 79.6 869 7.5 104 
VI 15,251 160,243 4 , 817 .8 51,392 6,490 . 5 66,047 382.0 4,341 3,560 . 2 38,463 
VII 7, 781 80,404 2,470.2 26,350 5,301 . 2 53,945 8.3 93 1.5 16 
VIII 3,233 32,899 l. 2 13 3,231.7 32,886 0 0 0 0 
IX 21,253 225,616 10,004.4 106, 71 7 4,364.4 44,412 6,450.4 69,832 433 . 7 4,655 
X 4 ,692 49,573 3,668.3 39,130 992 .4 10,099 31. 5 344 0 0 

Total 169,692 1,796 , 172 62,582 667 , 564 76,830 781,823 26,130 301,897 4,150 44,888 



Table F.12. Surrnnary of Total Electricit y Demand and EHV Percentage of that 
Demand by Federal Region, 1990 and 2000a 

------------·--·· ------ - --- - -------·- -- -----------

Federal 
Region 

Projected 
Demand 

1990 

LOW I MEDIUM HIGH I 
Projected 

Demand LOW I 

2000 

MEDIUM HIGH I 
---------- -- - - -------- - - ---· - - ------ --------- ---·- .. - - ·-- ----- -- - -- ·-- ---------
I 

II 

III 

IV 

V 

VI 

VII 

VI II 

IX 

X 

Tota l 

L75 . 582 

235,720 

388,355 

974,051 

778,132 

53 3,521 

144,204 

58 , 654 

327,094 

68,558 

3.683,871 

48 
(0.03) 

202 
(0 . 09) 

132 
( 0.03) 

164 
(0 . 02) 

245 
(O 03) 

101 
(O 02) 

54 
( 0 . 04) 

22 
(0.04) 

158 
(0.05) 

34 
(0 . 04) 

L.158 
(0 .03 ) 

105 
(0 . 06) 

441 
(0. 19) 

288 
co .on 

355 
(0.04) 

534 
Co .on 

218 
(0 .04) 

111 
(0.08) 

46 
(0 . 08) 

344 
(0.11) 

75 
(0.11) 

2 ,516 
(0.07 ) 

273 
(0 . 16) 

l. 156 
(0.49) 

757 
(0.19) 

925 
(0.10) 

l .405 
(0 .18) 

574 
(0.11) 

293 
(0.20) 

121 
(0 . 21) 

898 
(0 . 27) 

189 
(0.28) 

6,586 
(0.18) 

29 1 .847 

398,216 

660,871 

1, 736 ,522 

1 ,335,540 

993 ,206 

268 , 515 

99,057 

552 . 412 

115. 784 

6,451.970 

74 7 
(0 . 26) 

3, 155 
(0 . 79) 

2, 053 
(0 . 31) 

2 ,512 
(0.14) 

3 , 810 
(0 . 29) 

1,57 1 
(0.16) 

804 
( 0 . 30) 

330 
(0.33) 

2, 426 
(0.44) 

490 
(0.42) 

17,890 
(0 . 28) 

------------- - --- - - ~-~·--~ 

2 . 277 
(0.78) 

9.606 
(2.41) 

6 ,289 
(0 . 95) 

7,698 
(0.44) 

11,684 
( 0 .87) 

4,831 
(0 .49) 

2,469 
( 0.92) 

1 , 020 
(1 . 03) 

7,465 
(l. 35) 

l .499 
(1. 29) 

54. 835 
(0 . 85) 

7,352 
( 2.52) 

30.890 
(7.76) 

20,319 
(3.07) 

25,01 1 
( 1 . 44 ) 

37,804 
(2.83) 

15,730 
(1 . 58) 

8,026 
(2.99) 

3,336 
(3.37) 

24,289 
(4.40) 

4 , 846 
(4.19) 

177, 465 
(2. 75) 

aProjected total electricity demand includes only sales to the 158 UAs in wh ic h EHVs are pro
j ec t ed to penetrate. These projected sa l es represent approximate l y 80% of total projected 
nat i onal sales . An entry i n parentheses i s t he percent age of e l ectricity in a region ( or the 
na tion) r equired t o charge EHVs. Other figures a r e t he to t al demand in gigawatt-hours. 
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Table F.13. Utilities for Which EHV Demand Exceeds Ten 
Percent of Projected Demand, HIGH I, 2000 

Utility Urbanized Area 
Percentage 

Exceeds 

Consolidated Edison New York/New Jersey 20 

K.C. Board of Public Utilities Kansas City 18 

Orlando Utilities Or l ando 13 

Lubbock City Power and Light Lubbock 12 

Long Island Lighting Co. New York/New Jersey 10 

be expressed in terms of the ut il ity annual and peak day load factor by the 
following equation: 

where: 

PER= (1 - LFD)/LFY 

PER percentage (EHV demand/total demand), 

LFD peak day load factor (daily energy gene r ated/available 
daily energy), and 

LFY = yearly load factor (annual energy generated/available 
annual energy). 

(F .1) 

Using Edison Electric Institute statistics for daily and yearly load 
factors (0.48 < LFY < 0.78, 0 . 77 < LFD < 0 . 92), PER ranges from 10% to 48%. 
The high value-corresponds to low daily and annual load factors, while the low 
value corresponds to high d a ily and annual load factors. Thus, except pos
sibly for the five uti l ities mentioned above, all EHV charging can be ac
complished off peak without havi ng to expand generating capacity. 

The Public Utility Regulatory Policy Act (PURPA) of 1978 (P.L. 95-617) 
requires utilities to develop cost-based rates. Since charging of EHVs 
can be accomplished during off-peak periods, EHVs should be charged off-peak 
rat es . Using this criterion, Table F. 14 summarizes Spring, 1979, fuel and 
operating costs for each federal region. These costs exclude state, local, 
or road-use taxes and any additional distribution system costs to support 
vehicle recharging. For comparison purposes, Table F.14 also includes esti
mates based on the EIA 1990 high fuel price scenario, which includes deregula
tion of oi l a n d gas prices. Note that 1979 OPEC oil prices were approximate
ly at the projected 1990 level. Except for Federal Reg i ons VI and IX, off
peak costs are about 20-30% higher under this scenario. In Federal Region VI , 
costs are about 70% higher due to deregulation of natura l gas and heavy 
dependence on natural gas. Federal Region IX costs are about 40% higher, 
again due to heavy dependence on oil in this region. 



Table F.14. Average Power Plant Fuel and Operating Costs for Generating Electri
city to Charge EHVs by Federal Region, 1990 and 2000 (i/kWh) 

Federal 
Region 

I 

II 

III 

IV 

V 

VI 

VII 

VIII 

IX 

X 

Total 

LOW I 

1. 2 

1. 6 

1.4 

1. 9 

1. 3 

1. 8 

1.4 

1.5 

2.3 

1.4 

1. 6 

Spring, 1979, Pricesa 

1990 

HIGH I 

1. 2 

1. 7 

1.5 

1. 9 

1 . 3 

1.8 

1. 4 

1.5 

2.3 

1. 4 

1 .7 

LOW I 

1.1 

2.0 

1.4 

1. 9 

1. 2 

1.5 

1. 3 

1.5 

1.5 

1. 1 

1. 5 

2000 

HIGH I 

1. 1 

2.6 

1.5 

1. 8 

1. 2 

1.5 

1. 3 

1.5 

1. 7 

1. 1 

1. 7 

LOW I 

1.4 

2.1 

1. 8 

2.5 

1. 6 

3.2 

1. 7 

1. 9 

3.2 

1.8 

2.2 

EIA 1990 High Pr icesb 

1990 

HIGH I 

1.4 

2.1 

1.8 

2.5 

1.6 

3.2 

1.7 

1. 9 

3.2 

1.8 

2.2 

LOW I 

1. 2 

2.7 

1. 8 

2.5 

1.4 

2.5 

1. 6 

l. 9 

2.0 

l. 2 

2.0 

2000 

HIGH I 

l. 3 

3.3 

l. 7 

2.4 

1.5 

2.4 

1. 6 

1. 9 

2.4 

1. 3 

2.2 

aResidual oil at $16.50/bbl; distillate oil at $20.90/bbl; coal at $1.28/106 Btu; uranium 
at $0.84/106 Btu; gas at $1.70/106 Btu. 

bResidual oil at $24.50/bbl; distillate oil at $25.40/bbl; coal at $1.62/106 Btu; uranium 
at $0.94/106 Btu; gas at $4.05/106 Btu. 

,1:-
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An estimate of additional distribution system costs can be obtained by 
calculat ing peak recharge demand and assigning the cost of the final line 
transformer to the EHV. Using a cost of $100/kW for the line transformer, the 
annual cost (based on real debt and equity rates) is $10/kW/hr. * The peak 
kilowatt demand and the resulting cost amortized over annual EHV consumption 
are given by the following relationships: 

where: 

p 

y 

R 
E HR 

VMT 
E 

p 
A= 10 -y 

= IO (VMT R HR) 

P = peak charging demand (kW), 

R = vehicle range (mi), 

E = EHV electrical efficiency (kWh/mi), 

HR= hours available for recharge, 

Y = annual EHV electricity consumption (kWh/yr), 

VMT = annual EHV mileage provided by battery, and 

A= annual demand charge averaged over consumption 
($/kWh). 

Values for E, VMT, and Rare presented i n App. B. 

(F.2) 

(F.3) 

(F.4) 

Table F.15 summarizes the results of calculations using Eqs. F.2-F.4 
for various battery recharge times. Only vehicles that actually penetrate 
under the HIGH I scenario have been included. Costs for trucks, buses, and 
autos as well as costs for EVs of all types having specific ranges are shown. 
The range in values in Table F.15 corresponds to variations in the ratio of R 
and VMT. Note that distribution costs for the HVs in HIGH II are slightly 
lower than the ranges shown in Table F.15, since part of their daily mileage 
1s usually on their heat engine, especially on peak usage days. 

For long recharge periods (8-10 hr) , costs are about equal to the 
fuel and operating costs in Table F.14. For rapid recharging (1 hr), cos ts 
can be as much as 10 times greater. For example, a four-passenger subcompact 
vehicle averaging 30 mpg and paying $1/gal for gasoline has a fuel-related 

*There is wide variation in actual costs for line transformers depending 
on local utility conditions. The value used here represents a rough average 
of recent costs presented in marginal cost rate testimony around the country 
by National Economic Research Associates, Inc. 
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Table F.15. Average Distribution System Cost for EV Recharge (t/kWh)a 

Vehicle Type/ 
Year 

Truck/1985 
Bus/1985 
Auto/1985 
1935b 
1985c 

Truck/2000 
Bus/2000 
Auto/2000 
2000b 
2000c 
2000d 

1 

6.2 
8.0 

5.7-9.1 
5.7-8.0 

9.1 

7.4-15.4 
9.1-20.0 
6.5-16.7 
6.4-9.1 

10.5-14.2 
15.4-20.0 

Recharge Period (hr) 

2 4 8 

3.1 
4.0 

2.9-4.5 
2.9-4.0 

4.5 

3.7-7.7 
4.5-10.0 
3.2-8.3 
3.2-4.5 
5.3-7.l 
7.7-10.0 

1. 6 
2.0 

1.4-2.3 
1.4-2. 0 

2.3 

1.8-3.8 
2.3-5.0 
1. 6-4. 2 
1.6-2.3 
3.6-3.6 
3.8-5.0 

0.8 
1.0 

0.7-1.1 
0.7-1.0 

1.1 

0.9-1.9 
1.1-2.5 
0.8-2.1 
1.1-1.3 
1.3-1.8 
1.9-2.5 

aBased on vehicles that actually pPnetrate under HIGH I. 

10 

0.6 
0.8 

0.6-0.9 
0.6-0.8 

0.9 

0.7-1.5 
0.9-2.0 
0 .6-1. 7 
0.6-0.9 
1.1-1.4 
1.5-2.0 

bLTl, LT3, MTl, MT3, HTl, HT3 , SBl, SB3, LBl, LB3, 4Pl-2, 5Pl-2. Vehicles 
with a 50-mi range in 1985 and a 73-mi range in 2000. 

cLT4-5, MT4-5, HT4-5, SB4-5, LB4-5, 4P5-8, 5P5-8. Vehicles with a 90-100-mi 
range in 1985 and a 132-147-mi range in 2000. 

dLT6, MT6, HT6, SB6, LB6, 4P9, 5P9. Vehicles with a 205-220-mi range in 2000. 

cost of $0.033/mi. A similar four-passenger EV (4P9) with a 1-hr recharge 
capability would pay $0.19/kWh ($0.168 for distribution and $0.022 for fuel) 
for electricity and consume 0.356 kWh/mile, resulting in a fuel-related 
cost of $0.067/mi, twice the CV cost. Admittedly, this is a worst-case 
example , but it does demonstrate the need for a careful tradeoff analysis 
between rapid recharge capability and the resulting operating cost. 

In sum, the marginal cost of generating electricity off peak for EHVs 
in 2000 based on 1979 fuel prices ranges from approximately $0.011/kWh in 
Federal Regions I (New England) and X to $0. 026/kWh for Federal Region II. 
The kW demand associated with EHV charging may require additions to the 
electric utility distribution system at the customer's premises. For an 
8-10-hr recharge, this could add between $0.006 and $0.025/kWh to the cost of 
electricity, depending on the type of vehicle. A 1-hr recharge could add from 
$0.064 to $0.20/kWh. Thus, the total marginal cost of electricity, exc l uding 
taxes, for off-peak ERV charging ranges between $0.017 and $0.051/kWh for an 
8-10-hr recharge at 1979 prices. 

F .3 DATA SUMMARY 

Table F.16 contains the summary for all 158 UAs for HIGH I in 2000. 
The key for the UAs can be found in Table A.18 . Table F .17 contains a sum
mary of all scenarios and time periods for 10 selected UAs. 



Table F.16. Fuels Used for Charging EHVs by Urbanized Area, HIGH I, 2000 

Urban- Total Total Nuclear Nuclear Coal Coal Oil Oil Gas Gas 
ized Busbar Resource Busbar Resource Busbar Resource Busbar Resource Busbar Resource 
Areaa (GWh) (109 Btu) (GWh) ( 109 Btu) (GWh) (109 Btu) (GWh) (lo9 Btu) (GWh) (lo9 Btu) 

1 26,784.0 297,978 4,677.0 49,890 10,633.0 108,201 11,488.ob 139,528b 26.ob 359b 
2 10,061.4 106,621 364.4 3,887 3,391.0 34,507 5,860.0 63,440 446.0 4,787 
3 10,433.7 110,675 9,167.7 97,792 1,266.0 12,883 0 0 0 0 
4 6,343.8 64,690 24.8 265 6,129.0 62,368 190.0 2,057 0 0 
5 6,056.0 64,599 6,056.0 64,599 0 0 0 0 0 0 
6 5,630.6 58,124 1,685.6 17,980 3,945.0 40,144 0 0 0 0 
7 3,048.3 32,510 3,010.0 32,108 20.4 208 17.9 194 0 0 
8 4,136.9 42,185 16.0 171 3,997.0 40,673 123.9 1,341 0 0 
9 3,230.0 34,454 3,230.0 34,454 0 0 0 0 0 0 

10 2,883.0 29,689 716.0 7,638 2,167.0 22,051 0 0 0 . 0 
11 1,949.0 20,790 1,949.0 20,790 0 0 0 0 0 0 
12 2,391.8 23,390 9.2 98 2,311.0 23,517 71.6 775 0 0 
13 2,435.8 25,491 1,432.8 15,284 1,003.0 10,207 0 0 0 0 
14 2,567.5 26,645 1,054.9 11,253 1,512.6 15,392 0 0 0 0 ..,_ 
15 2,089.0 22,283 2,089.0 22,283 0 0 0 0 0 0 w 
16 2,546.7 25,915 0 0 2,546.7 25,915 0 0 0 0 

w 

17 2,448.3 26,306 1,258.7 13,427 0 0 1,189.6 12,879 0 0 
18 1,904.6 19,440 119 .6 1,276 1,785.0 18,164 0 0 0 0 
19 1,996.5 21,298 1,985.0 21,174 0 0 11.5 124 0 0 
20 1,525.5 16,236 1,452.0 15,488 73.5 784 0 0 0 0 
21 1,623.0 16,516 0 0 1,623.0 16,516 0 0 0 0 
22 1,424.3 15,603 0 0 445.0 4,528 979,3b 11,075b 0 0 
23 1,892.2 19,256 1. 2 13 1 , 891.0 19,243 0 0 0 0 
24 1,594.0 17,003 1,594.0 17,003 0 0 0 0 0 0 
25 1,731.7 18,294 654.4 6,980 665 . 3 6,770 39.6b 547b 372.4 3,997 
26 1,678.1 17,344 543.5 5,798 1,134.6 11,546 0 0 0 0 
27 1,462.5 15,405 1,027.5 10,960 407.5 4,147 27.5 298 0 0 
28 1,865.0 20,190 0 0 0 0 1,865.0 20,190 0 0 
29 1,142.3 12,182 1,128.0 12,032 7.6 77 6.7 73 0 0 
30 1,314.0 13,371 0 0 1,314.0 13,371 0 0 0 0 
31 1,373.0 13,972 0 0 1,373.0 13,971 0 0 0 0 
32 1,238.0 12,598 0 0 1,238.0 12,598 0 0 0 0 



Table F .16. (Cont'd) 

Urban- Total Total Nuclear Nuclear Coal Coal Oil Oil Gas Gas 
ized Busbar Resource Busbar Resource Busbar Resource Busbar Resource Busbar Resource 
Area (GWh) (109 Btu) (GWh) (109 Btu) (GWh) (109 Btu) (GWh) (109 Btu) (GWh) (109 Btu) 

33 1,128.8 11,783 603.6 6,439 524.9 5,341 0.3 3 0 0 
34 1,356 . 0 13,879 164.7 1,757 1 , 191.3 12,122 0 0 0 0 
35 1,159.6 11,800 0 0 1,159.6 11,800 0 0 0 0 
36 0 0 0 0 0 0 0 0 0 0 
37 1,208.1 12,980 621.1 6,625 0 0 587.0 6,355 0 0 
38 1,299.8 13,723 0 0 408.4 4,156 0 0 891. 4 9,567 
39 940.0 10,026 940.0 10,026 0 0 0 0 0 0 
40 868 .0 9,235 0 0 146 . 5 1,491 0 0 721 . 5 7,744 
41 1,180.3 13,714 26 277 443.0 4,508 711.3b 8,929b 0 0 
42 809 .1 8,331 197.7 2,109 611.4 6,221 0 0 0 0 
43 1,001.5 10,192 1.5 16 1,000.0 10,176 0 0 0 0 
44 759.8 8,103 750 . 3 8,003 5.0 51 4.5 49 0 0 
45 853.0 10,412 182.5 l , 94 7 182.5 1,857 488 . ob 6,608b 0 0 
46 678 . 0 7,231 669.5 7,142 4 . 5 46 4 43 0 0 ~ 

47 579.3 6,346 0 0 181.4 1,846 397 .9b 4,5oob 
l.;.) 

0 0 ~ 

48 903 . 0 9,189 0 0 903.0 9,189 0 0 0 0 
49 835.0 8,497 0 0 835 . 0 8,497 0 0 0 0 
50 776.7 8,285 776. 7 8,285 0 0 0 0 0 0 
51 796. 7 8,498 796 . 7 8,498 0 0 0 0 0 0 
52 987.2 10,733 422.0 4,501 422.0 4,294 143.2b 1,938b 0 0 
53 721.9 7,535 386 . 0 4,117 335.7 3,416 0 . 2 2 0 0 
54 581. 5 5,987 142.1 1,516 439.4 4,471 0 0 0 0 
55 666.8 6,825 80.9 863 585.9 5,962 0 0 0 0 
56 671.0 7 , 264 0 0 0 0 671.0 7,264 0 0 
57 898.4 9,285 290.9 3,103 607.5 6,182 0 0 0 0 
58 516.1 5,653 0 0 161.3 1,641 354.8b 4,012b 0 0 
59 451.6 4 , 605 1.8 19 436.4 4,441 13 .4 145 0 0 
60 737 . 3 7,518 2.8 30 712.6 7,251 21. 9 237 0 0 
61 481.0 4,905 1.9 20 464.8 4,730 14.3 155 0 0 
62 688.3 7 , 345 0 0 160.4 1,632 15.4b 211b 512.6 5,502 
63 622 .9 6,640 613 .4 6,543 9.5 97 0 0 0 0 
64 527.0 5 , 363 0 0 527 . 0 5,363 0 0 0 0 



Table F.16. (Cont'd) 

Urban- Total Total Nuclear Nuclear Coal Coal Oil Oil Gas Gas 
ized Busbar Resource Bus bar Resource Busbar Resource Busbar Resource Busbar Resource 
Area (GWh) (109 Btu) (GWh) (109 Btu) (GWh) (109 Btu) (GWh) (109 Btu) (GWh) (lo9 Btu) 

65 866.6 9,311 445.6 4,753 0 0 421.0 4,558 0 0 
66 620 . 0 6,609 610.5 6,512 9.5 97 0 0 0 0 
67 564.3 5,890 301.7 3,218 262.4 2,670 0.2 2 0 0 
68 521 .0 5,558 521.0 5,558 0 0 0 0 0 0 
69 425.2 4,328 0 0 424 .0 4,315 0.2 2 1.0 11 
70 497.7 5,065 0 0 493.3 5,020 2.7 29 1.5 16 
71 785.9 7,997 0 0 785.9 7,997 0 0 0 0 
72 545.0 5,803 525.4 5,604 19.6 199 0 0 0 0 
73 325.3 3,563 0 0 102.2 1,040 223 .1 2,523 0 0 
74 483.9 5,153 466.4 4,975 17.5 178 0 0 0 0 
75 431.1 4,403 0 0 405.8 4,129 25.3 274 0 0 
76 424.2 4,525 424.2 4,525 0 0 0 0 0 0 
77 469.8 4,995 158.4 1,690 101.4 1,032 210.0 2,273 0 0 
78 419.0 4,367 209.5 2,235 209.5 2,132 0 0 0 0 ..,.. 
79 508.5 5,175 0.8 9 507.7 5,166 0 0 0 0 w 

V, 

80 349.0 3,722 344.6 3,676 2.3 23 2.1 23 0 0 
81 317.6 3,244 0 0 299.0 3,043 18 .6 201 0 0 
82 406.2 4,342 0 0 30.0 305 0.4 4 375.8 4,033 
83 467.2 4,984 0 0 109 .0 1,109 10.4b 142b 347.8 3,733 
84 469.7 4,817 76.7 818 393 . 0 3,999 0 0 0 0 
85 372.2 3,788 0 0 372.2 3,788 0 0 0 0 
86 391.3 4,117 262.8 2,803 124. 7 1,269 3.8b 45b 0 0 
87 410.7 4,362 371.6 3,964 39.l 398 0 0 0 0 
88 312 .4 3,186 1. 2 13 302.0 3,073 9.2 100 0 0 
89 318.8 3,263 38.7 413 280.1 2,850 0 0 0 0 
90 427.4 4,383 69.7 743 357.7 3,640 0 0 0 0 
91 462.9 4,710 0 0 462 . 9 4,710 0 0 0 0 
92 262 .9 2,678 0 0 262.0 2,666 0.9b 12b 0 0 
93 357 .4 3,637 0 0 357 . 4 3,637 0 0 0 0 
94 457 .0 4,872 451. 2 4,813 5.8 59 0 0 0 0 
95 350.7 3,582 0 0 330 .1 3,359 20.6 223 0 0 
96 360.0 3,663 0 0 360.0 3,663 0 0 0 0 



Table F.16. (Cont'd) 

Urban- Total Total Nuclear Nuclear Coal Coal Oil Oil Gas Gas 
ized Busbar Resource Busbar Resource Busbar Resourc e Busbar Resource Busbar Resource 
Area (GWh) (lo9 Btu) (GWh) ( 109 Btu) (GWh) (lo9 Btu) (GWh) (lo9 Btu) (GWh) (109 Btu) 

97 337 . 3 3,470 0 0 327.1 3,329 2.6b 36 7.6b 1Q5b 
98 281.4 3,000 278 .0 2,965 1. 8 18 1. 6 17 0 0 
99 263 .8 2,813 260.6 2,780 1. 7 17 1. 5 16 0 0 

100 380.8 4,062 380.8 4,062 0 0 0 0 0 0 
101 .334 .0 3,563 0 0 77 . 7 791 7 _4b 101b 248 . 9 2,671 
102 411. 7 4,392 411. 7 4,392 0 0 0 0 0 0 
103 299 . 8 3,051 0 0 299.8 3,051 0 0 0 0 
104 212.2 2,326 0 0 66.2 674 146 .ob 1,652b · 0 0 
105 270.9 2,763 1.1 12 261.8 2,664 8.0 87 0 0 
106 198 .9 2 , 122 198.9 2,122 0 0 0 0 0 0 
107 361.6 3,680 0 0 361. 6 3,680 0 0 0 0 
108 263.2 2,694 31. 9 340 231 . 3 2,354 0 0 0 0 
109 240.2 2,562 240.2 2,562 0 0 0 0 0 0 
110 283.9 2,931 84.9 906 199 .o 2,025 0 0 0 0 .c-
111 279.3 2,978 275.9 2,943 1.8 18 1.6 17 0 0 

w 
°' 112 232.0 2,366 0 .9 10 224.2 2,281 6.9 75 0 0 

113 308.0 3,163 58.6 625 249 .4 2,538 0 0 0 0 
114 262.3 2 , 798 262 . 3 2,798 0 0 0 0 0 0 
115 209 . 2 2,137 0 0 197 .0 2,005 12.2 132 0 0 
116 213 .0 2,271 210.4 2,244 1.4 14 1. 2 13 0 0 
117 331.4 3,464 0 0 174.0 1, 771 32.4 351 125.0 1,342 
118 322.5 3,282 0 0 322.5 3,282 0 0 0 0 
119 289.0 2,968 55.0 587 234.0 2,381 0 0 0 0 
120 211.1 2,156 0 0 198.7 2,022 12.4 134 0 0 
121 285.7 3,043 275 . 5 2 , 939 10.2 104 0 0 0 0 
122 209.5 2,140 0 0 197.2 2,007 12.3 133 0 0 
123 266.6 2,839 257.0 2,741 9.6 98 0 0 0 0 
124 247.7 2,521 0 0 247 . 7 2,521 0 0 0 0 
125 322.5 3,301 39.1 417 283.4 2,884 0 0 0 0 
126 220 . 0 2,239 0 0 220.0 2,239 0 0 0 0 
127 300.3 3,056 0 0 300.0 3,053 0 . 3 3 0 0 
128 271. 0 2,758 0 0 271.0 2,758 0 0 0 0 



Table F.16. (Cont'd) 

Urban- Total Total Nuclear Nuclear Coal Coal Oil Oil Gas Gas 
ized Busbar Resource Busbar Resource B-usbar Resource Busbar Resource Busbar Resource 
Area (GWh) (109 Btu) (GWh) (109 Btu) (GWh) (109 Btu) (GWh) (1Q9 Btu) (GWh) (109 Btu) 

129 239.3 2,525 8 85 93.2 948 137 .8 1,497 0 0 
130 221.6 2,363 218.2 2,328 3.4 35 0 0 0 0 
131 207.0 2,106 0 0 207.0 2,106 0 0 0 0 
132 224.0 2,279 0 0 224.0 2,279 0 0 0 0 
133 248.6 2,688 0 0 53.0 539 0 0 195.6b 2,149b 
134 347.3 3,534 0.5 5 346.8 3,529 0 0 0 0 
135 214.7 2,289 211.5 2,256 3.2 33 0 0 0 0 
136 192.7 1,966 0.8 9 186.3 1,896 5.6 61 0 0 
137 234.3 2,390 0.9 10 226.4 2,304 7.0 76 0 0 
138 179.6 1,915 177.3 1,891 1.2 12 1.1 12 0 0 
139 153.4 1,561 0 0 153.4 1,561 0 0 0 0 
140 247.6 2,623 211.8 2,259 35.8 364 0 0 0 0 
141 257.0 2,782 0 0 0 0 257.0 2,782 0 0 
142 183.0 1,866 0.7 7 176.8 1,799 5.5 60 0 0 J::--

w 143 237.8 2,420 0 0 237.8 2,420 0 0 0 0 --..J 

144 181.4 1,846 0 0 181.4 1,846 0 0 0 0 
145 730.3 7,790 730.3 7,790 0 0 0 0 0 0 
146 478.6 4,871 1.9 20 476.7 4,851 0 0 0 0 
147 213.1 2,268 202.9 2,164 10.2 104 0 0 0 0 
148 193.7 2,062 184.4 1,967 9.3 95 0 0 0 0 
149 189.5 1,928 0 0 189 . 5 1,928 0 0 0 0 
150 191.8 1,982 62.1 662 129.7 1,320 0 0 0 0 
151 174.3 1,859 172.1 1,836 1.2 12 1.0 11 0 0 
152 240.3 2,563 240.3 2,563 0 0 0 0 0 0 
153 198.5 2,020 0 0 198.5 2,020 0 0 0 0 
154 247 .6 2,632 83.5 891 53.4 543 110.7 1,198 0 0 
155 175.0 1,864 168.7 1,800 6.3 64 0 0 0 0 
156 203.8 2,147 143 .3 1,529 56.7 577 3 .8 41 0 0 
157 239.2 2,483 98.3 1,049 140.9 1,434 0 0 0 0 
158 178.8 1,848 57.9 618 120.9 1,230 0 0 0 0 

aThe key for the UAs can be found in Table A.18. 

bRepresents a mix of steam and gas turbine capacity. 



Table F.17. Summary of Fuels Used for Charging EHVs for Sel e cted Urbanized Areas 

Total Total Nuclear Nuclear Coal Coal Oil Oil Gas Gas 

Year and Busbar Resource Bus bar Re source Bus bar Resource Bus bar Resource Bus bar Resource 

Scenario (GWh) ( 109 Btu) (GWh) (109 Btu) (GWh) (109 Btu) (GWh) ( 109 Btu) (GWh) ( 109 Btu) 

C inc inn at i 

1985 
LOW I 3 . 5 35 0 0 3.5 35 0 0 0 0 

LOW II 5.5 56 0 0 5 . 5 56 0 0 0 0 

MEDI UM 5 . 5 56 0 0 5.5 56 0 0 0 0 

HIGH I 11. 3 115 0 0 11. 3 115 0 0 0 0 

HIGH II 11. 3 115 0 0 11. 3 115 0 0 0 0 

1990 
LOW I 12.4 126 0 0 12.4 126 0 0 0 0 

LOW II 21.0 214 0 0 21.0 214 0 0 0 0 

MEDIUM 27.0 275 0 0 27 . 0 275 0 0 0 0 

HIGH I 71. 2 725 0 0 71. 2 725 0 0 0 0 

HIGH II 71. 2 725 0 0 71.2 72 5 0 0 0 0 

2000 
LOW I 191. 2 1,959 27 . 5 293 163 . 7 1,666 0 0 0 0 _.,.. 

LOW II 375.5 3,842 44.4 473 331 . 1 3,369 0 0 0 0 w 
co 

MEDIUM 588 .0 6,015 63.8 681 524.2 5,334 0 0 0 0 

HIGH I 1,904 .6 19,440 119.6 l, 276 1,785.0 18 , 164 0 0 0 0 

HIGH II 1 ,835 . 3 18,733 116. 7 1 , 245 1,718.6 17,488 0 0 0 0 

San Diego 

1985 
LOW I 3 . 6 39 1.6 18 0 0 2.0 21 0 0 

LOW II 6 . 1 66 2.8 30 0 0 3.3 36 0 0 

MEDIUM 5.7 62 2.6 28 0 0 3 . l 34 0 0 

HIGH I 11.8 126 5.4 57 0 0 6.4 69 0 0 

HIGH II 11.8 126 5.4 57 0 0 6 . 4 69 0 0 

1990 
LOW I 13 . 1 141 6 . 0 64 0 0 7 . l 77 0 0 
LOW II 23.7 255 10. 3 110 0 0 13 . 4 145 0 0 
MEDIUM 28 . 8 3 10 12.4 132 0 0 16.4 178 0 0 
HIGH I 76 .o 818 29.2 3 11 0 0 46.8 507 0 0 
HIGH II 77 .3 832 29.7 316 0 0 47 . 6 516 0 0 

2000 
LOW I 200 . 7 2 , 141 200.7 2, 14 1 0 0 0 0 0 0 
LOW II 429.3 4, 579 428.7 4 , 572 0 0 0.6 7 0 0 
MEDIUM 617.6 6, 588 616.5 6,576 0 0 1.1 12 0 0 
HIGH I 1,996.5 21,298 1,985.0 21 ,174 0 0 11. 5 124 0 0 
HIGH II 2,049.4 21,862 2,037 . 6 21,735 0 0 11.8 12 7 0 0 



Tab le F .17. (Cont ' d) 

Total Total Nuclear Nuclear Coal Coal Oil Oil Gas Gas 
Year and Busbar Resource Busbar Resource Busbar Resource Busbar Resource Busbar Resource 
Scenar io ( GWh ) (lo9 Btu) (GWh) (109 Btu) (CWh) (109 Btu) (GWh) ( 109 Bt u) (GWh) (109 Btu) 

Milwaukee 

1985 
LOW I 2.7 29 2.5 27 0 .2 2 0 0 0 0 
LOW II 4.5 49 4 .1 44 0.4 4 0 0 0 0 
MEDIUM 4 . 4 48 4.0 43 0 .4 4 0 0 0 0 
HIGH I 9.0 95 8.3 88 0 .7 7 0 0 0 0 
HIGH II 9.0 95 8.3 88 0 .7 7 0 0 0 0 

1990 
LOW I 9.7 103 8.9 95 0.8 8 0 0 0 0 
LOW II 17. 0 181 15.6 167 1.4 14 0 0 0 0 
MEDIUM 21.3 226 19.6 209 l. 7 17 0 0 0 0 
HIGH I 57.8 614 53.l 566 4.7 48 0 0 0 0 
HIGH II 58.0 616 53.3 568 4.7 48 0 0 0 0 

2000 
LOW I 154.9 1,650 152.l 1,622 2.8 28 0 0 0 0 .i:--

w 
LOW II 312.9 3,334 306. ~ 3,265 6.8 69 0 0 0 0 \0 

MEDIUM 476.3 5 , 075 465.3 4,963 11.0 112 0 0 0 0 
HIGH I 1,525.5 16,236 1,452.0 15,488 73 .5 748 0 0 0 0 
HIGH II 1,507.8 16,048 1,435.4 15,311 72 .4 737 0 0 0 0 

Buff a l o 

1985 
LOW I 2.6 28 0 0 0 0 2.6 28 0 0 
LOW II 3.9 43 0 0 0 0 3.9 43 0 0 
MEDIUM 4 . 1 44 0 0 0 0 4. l 44 0 0 
HIGH I 8.3 91 0 0 0 0 8.3 91 0 0 
HIGH II 8.3 91 0 0 0 0 8.3 91 0 0 

1990 
LOW I 9.1 99 0 0 0 0 9 .1 99 0 0 
LOW II 15 .2 165 0 0 0 0 15.2 165 0 0 
MEDIUM 19.9 215 0 0 0 0 19.9 215 0 0 
HIGH I 52.7 571 0 0 0 0 52.7 571 0 0 
HIGH II 52.2 566 0 0 0 0 52 . 2 566 0 0 

2000 
LOW I 142.7 1,558 0 0 8.4 85 134.3 1,473 0 0 
LOW II 272 .9 2,991 0 0 25. 7 261 24 7. 2 2,730 0 0 
MEDIUM 439.4 4,825 0 0 47 .8 486 391.6 4,339 0 0 
HIGH I 1,424.3 15,603 0 0 445.0 4,528 979 . 3 11,075 0 0 
HIGH II 1,345.2 14, 7 3 7 0 0 413 .l 4,203 932 .l 10 , 534 0 0 



Table F.17. (Cont'd) 

Total Total Nuclear Nuclear Coal Coal Oil Oil Gas Gas 
Year and Busbar Resource Busbar Resource Busbar Resource Bus bar Resource Busbar Resource 
Scenar io (GWh) (lo9 Btu) (GWh) (109 Btu) (GWh) ( 109 Btu) (GWh) ( 109 Btu) (GWh) (109 Btu) 

Dallas 

1985 
LOW I 3 . 1 31 0 0 3.1 31 0 0 0 0 
LOW II 5 . 2 53 0 0 5 . 2 53 0 0 0 0 
MEDIUM 4.9 50 0 0 4 . 9 50 0 0 0 0 
HI GH I 10 . l 103 0 0 10 . 1 103 0 0 0 0 
HIGH II 10 . 1 103 0 0 10 . l 103 0 0 0 0 

1990 
LOW I 10.8 110 0 0 10.8 110 0 0 0 0 
LOW II 20.0 207 0 0 20.0 207 0 0 0 0 
MEDIUM 23.5 244 0 0 23.5 244 0 0 0 0 
HIGH I 62 . 6 637 0 . 2 2 62.4 635 0 0 0 0 
HIGH 1I 63 . 9 650 0.2 2 63 . 7 (-48 0 0 0 0 

2000 
LOW I 172 . S 1,786 62.9 671 109 . 6 l, !.15 0 0 0 0 ~ 

LOW II 369 . 0 3 , 8 19 131. l 1,398 237. 9 2, :,21 0 0 0 0 ~ 
0 

MEDIUM 523. 7 5,420 184.8 1,971 338 . 9 3, ,,49 0 0 0 0 
HIGH I 1,678 .1 17,344 543 . S 5,798 1,134.6 11,546 0 0 0 0 
HIGH II 1 , 745.4 18 , 039 565.3 6,030 1,180.1 12 , 009 0 0 0 0 

Orlando 

1985 
LOW I 1.8 19 0 0 0 0 1. 8 19 0 0 
LOW II 2.8 30 0 0 0 0 2 .8 30 0 0 
MEDIUM 2.9 31 0 0 0 0 2 .9 31 0 0 
HIGH I 5.9 63 0 0 0 0 5 . 9 63 0 0 
HIGH II 5.9 63 0 0 0 0 5 . 9 63 0 0 

1990 
LOW I 6 . 5 70 0 0 0 0 6 . 5 70 0 0 
LOW II 10 .8 117 0 0 0 0 10.8 117 0 0 
MEDIUM 14 . 2 154 0 0 0 0 14. 2 154 0 0 
HIGH I 36.5 395 0 0 0 0 36 . 5 395 0 0 
HIGH II 36.2 391 0 0 0 0 36.2 391 0 0 

2000 
LOW I 98. 7 l , 224 16 . 6 177 16 . 7 170 65.4 877 0 0 
LOW II 188 . 0 2,233 49.0 522 49 . 1 499 89.9 1,212 0 0 
MEDIUM 302 . 9 3,533 90 . 6 966 90.7 923 121 . 5 1,644 0 0 
HIGH I 987 . 2 10,733 422 . 0 4,501 422.0 4,294 143 . 2 1,938 0 0 
HIGH II 930.4 10, 13 7 394 . 5 4,208 394.5 4,015 141 .4 1,914 0 0 



Table F.17. (Cont'd) 

Total Total Nuclear Nuclear Coal Coal Oil Oil Gas Gas 
Year and Busbar Resource Busbar Resou rce Bus b a r Resource Busbar Resource Busbar Resource 
Scenario (GWh) (lo9 Btu) (CWh) (109 Btu) (GWh) ( 109 Btu) (GWh) (lo9 Btu) (GWh) (lo9 Btu) 

Grand Rapids 

1985 
LOW I 1.1 11 0. 1 l 1.0 10 0 0 0 0 
LOW II l. 7 18 0.2 2 1. 5 16 0 0 0 0 
MEDIUM 1.8 18 0 . 2 2 l. 6 16 0 0 0 0 
HIGH I 3.7 38 0.4 4 3 . 3 34 0 0 0 0 
HIGH II 3.7 38 0.4 4 3 . 3 34 0 0 0 0 

1990 
LOW I 4.6 47 0.5 5 4 . 1 42 0 0 0 0 
LOW II 7. 2 74 0.7 8 6.5 66 0 0 0 0 
MEDIUM 10.3 106 1.0 11 9.3 95 0 0 0 0 
HIGH I 24.9 255 2.3 25 22.6 230 0 0 0 0 
HIGH II 24 .5 251 2.3 25 22.2 226 0 0 0 0 

2000 
LOW I 61.6 658 61 . 5 657 0 .1 l 0 0 0 0 -I>-

-I>-
LOW II 118 . 2 1 , 261 117. 7 1,256 0 . 5 5 0 0 0 0 t-' 

MEDIUM 190 .4 2 , 030 189.4 2,020 1.0 10 0 0 0 0 
HIGH I 622.9 6,640 613 .4 6,543 9.5 97 0 0 0 0 
HIGH II 586.3 6,250 577.5 6,160 8 . 8 90 0 0 0 0 

Albuquerque 

1985 
LOW I 1.5 15 0 0 1.5 15 0 0 0 0 
LOW II 2.3 23 0 0 2.3 23 0 0 0 0 
MEDIL'M 2.3 24 0 0 2.3 24 0 0 0 0 
HIGH I 4 . 6 47 0 0 4.6 47 0 0 0 0 
HIGH II 4 . 6 47 0 0 4.6 4 7 0 0 0 0 

1990 
UM I 5. 1 52 0 0 5. 1 52 0 0 0 0 
LOW II 8.7 89 0 0 8 .7 89 0 0 0 0 
MEDIUM 10.6 108 0 0 10.6 108 0 0 0 0 
HIGH I 27 . 7 282 0 0 27 . 7 282 0 0 0 0 
HIGH II 27. 7 282 0 0 27.7 282 0 0 0 0 

2000 
LOW I 75.6 769 0 0 75.6 769 0 0 0 0 
LOW II 14 7 .6 1,502 0 0 14 7 . 6 1,502 0 0 0 0 
MEDIUM 236 . 2 2,404 0 0 236.2 2,404 0 0 0 0 
HIGH I 785.9 7,99 7 0 0 785. 9 7,997 0 0 0 0 
HIGH II 739 .0 7,520 0 0 739.0 7,520 0 0 0 0 



Table F.17. (Cont'd) 

Total Total Nuclear Nuclear Coal Coal Oil Oi 1 Gas Gas 
Year and Busbar Resource Busbar Resource Bus bar Resource Bus bar Re source Busbar Resource 
Sc enario (GWh) (109 Btu) (GWh) (109 Btu) (GWh) (109 Btu) (GWh) (109 Btu) (GWh) (109 Btu) 

Little Rock 

1985 
LOW I 0 . 8 8 0 . 5 5 0.3 3 0 0 0 0 
LOW II l. 3 13 0 .8 8 0.5 5 0 0 0 0 
MEDIUM 1. 2 13 0.7 8 0 . 5 5 0 0 0 0 
HIGH I 2.6 27 1. 5 16 1.1 11 0 0 0 0 
HIGH II 2.6 27 1.5 16 1. 1 11 0 0 0 0 

1990 
LOW I 2 .9 30 1. 7 18 1.2 12 0 0 0 0 
LOW II 4.8 51 2.8 30 2.0 21 0 0 0 0 
MEDIUM 5.8 61 3.4 36 2.4 25 0 0 0 0 
HIGH I 15.3 160 9.0 96 6.3 64 0 0 0 0 
HIGH II 15.3 162 9 .1 97 6 . 4 65 0 0 0 0 

2000 
LOW I 41. 3 439 38. 5 411 2 . 8 28 0 0 0 0 .,.. 
LOW II 86.2 916 79 . 8 851 6 . 4 65 0 0 0 0 .,.. 
MEDIUM 125. 9 1,339 116 . 3 1,241 9.6 98 0 0 0 0 N 

HIGH I 410 . 7 4,362 371.6 3,964 39 .1 398 0 0 0 0 
HIGH II 415 . l 4,409 375 . 6 4,007 39. 5 402 0 0 0 0 

Chattanooga 

1985 
LOW I 0 . 6 6 0 0 0.6 6 0 0 0 0 
LOW II 0 . 9 9 0 0 0.9 9 0 0 0 0 
MEDIUM 0.9 9 0 0 0 .9 9 0 0 0 0 
HIGH I 1. 9 19 0 0 1. 9 19 0 0 0 0 
HIGH II l. 9 19 0 0 1. 9 19 0 0 0 0 

1990 
LOW I 2.1 21 0 0 2. l 21 0 0 0 0 LOW II 3.7 38 0 0 3.7 38 0 0 0 0 
MEDIUM 4.6 47 0 0 4.6 47 0 0 0 0 
HIGH I 11.8 119 0 .1 1 11 . 6 118 0 0 0 0 
HIGH II 11. 7 120 0. 1 1 11. 7 119 0 0 0 0 

2000 
LOW I 32 . 0 328 6.5 69 25.5 259 0 0 0 0 LOW I I 66 . 9 687 11. 9 127 55.0 560 0 0 0 0 MEDIUM 98.0 l, 005 16. 7 178 81. 3 827 0 0 0 0 HIGH I 318.8 3,263 38.7 413 280 . 1 2 , 850 0 0 0 0 HIGH II 322.2 3,297 39.1 4 1 7 283 . l 2,880 0 0 0 0 
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APPENDIX G 

ECONOMIC ANALYSIS 

G.l COST OF TRAVEL 

G. l. l Method 

Cost methodologies assuming mass production are developed for initial 
vehicle costs (vehicle body/chassis plus battery) and life cycle costs. An 
EHV of each battery type (e.g., Ni/Zn) and vehicle type (e.g., light truck) is 
analyzed. Thus, only 34 of the 54 EHVs characterized in App . Bare analyzed. 
A corresponding CV is analyzed for each EHV analyzed. 

G.1.1.1 Initial Vehicle Costs 

Value-Added Cost Methodology for Initial Costs of EHVs 

The value-added methodology is based on the concept that 
vehicle manufacturers add a determinable value to the basic cost 
inputs. Costs are computed for the vehicle body/chassis and 
pack separately and then summed to get initial veh i cle cost. 

battery and 
of r e source 
the battery 

where: 

Equations G.1-G.5 are used to calculate vehicle body/chassis costs: 

3 
L (MWik)(pk)(l .95) 

k=l 

CMi cost of steel, iron, and silicon 1.n body/chass is 
of vehicle i, 

specified material weight for material k for vehicle 
l. ' 

Pk= price per unit weight of mater ial k (see Table G.l for 
price assumptions), 

1.95 = value added by vehicle manufacturer for steel , iron, 
and silicon, and 

k = steel, iron, or silicon. 

(G.l) 

(G.2 ) 



where: 

where: 

wher e: 

445 

Table G.l. Price Assumptions Used 
t o Cal cul ate I nitial 
EHV Costs 

Material 1979$/ l b 
----
Iron and steel 0.50 

Copper 0.875 

Silicon 0 . 355 

Rubber 0.6825 

Aluminum 0 . 66 

Plastic 2 .03 

Ni ckel 3.40 

Cobalt 25 .00 

Zinc 0.375 

Lithium metal 16 . 00 

Lithium hydroxide 1.40 

Lead 0 . 58 

Fi fraction of nonbattery weight that is not steel, i ron, 
silicon, aluminum, or plastic in vehicle i , 

CWi curb weight of vehicle i without battery, auxiliary 
equipment, and payload, and 

APWi = nonbattery- re l ated weight of aluminum or plastic j for 
vehicle 1 . 

CEAPi (1 + Fi)(CMi) 

CEAPi = cost of nonbattery mater i als 1n vehicle 1 . exc l uding 
aluminum and plastic costs. 

CAPi = ( APWi j)(Pj)(3.4) 

CAPi = nonbattery-related cost of a luminum or plas t ic j 
per vehicle 1 , and 

P· = price per unit we i ght of aluminum or plastic j J 
(see Tab l e G. l) . 

(G.3) 

(G.4) 
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The 3.4 term is a value parameter obtained from var i ous industry sources that 
indicates that aluminum and plastics require more machines and tooling than 
other material s . Therefore , the value added is 240%. 

where : 

where: 

where: 

where : 

TVCi = CEAPi + CAPi (G.5) 

TVCi = total nonbattery-related vehicle cost per vehicle i. 

Equations G.6- G.8 are used to determine battery pack costs: 

n 

CMBMi = L (BWij )(p j ) 
j=l 

CMBMi = cost of ma jor battery materials for battery in veh i 
c l e i, 

BW· · weight of characterized major material i J 
of vehicle i , 

P · price per unit weight of major material J 
of vehicle i (see Table G . 1) , and 

n = number of major materials. 

BFi 

n 
TBWi - L BWij 

j=l 

j in battery 

J in battery 

BFi = fraction bat tery weight due to other uncharacterized 
materials for battery i n veh i cle i, and 

total battery weight for bat t ery in vehicle i . 

TBCi = total cost of battery i n vehicle i . 

(G .6) 

(G. 7) 

(G . 8) 

The value- added factor (2.34) is der i ved by mult i plying the battery industry 
value-added figure ( 1 .95) and a 20% mark-up by the veh i cle manufacturer . Th i s 
is necessar y if it is assumed that the vehicle manufacturer purchases a 
complete battery from the battery industry . Value- added mark-ups are derived 
from d iscuss i ons with various vehicle and battery industry experts. 

Other mater i als cost is assumed to be an average of all mater i a l s costs 
in the battery . However, Ni/Zn and Ni/Fe electrolyte cos t s would tend to be 
less than average material cost. Also, it may be true that the uncharac
terized material costs may understate the true Li/S battery costs . 
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As stated earlier: 

(G.9) 

where: 

total electric vehicle cost for vehicle i. 

Fixed Mark-Up Cost Methodology for Initial Costs of EHVs 

The value-added methodology may overstate the Ni/Zn and Ni/Fe battery 
production mark-up. The higher material costs of these batteries could allow 
the manufacturers to lower their mark-up, since there would be a much larger 
materials cost base. An alternative methodology is used to capture this 
effect. The Pb/acid battery industry is used as a base to determine fixed 
mark-up. A simple fixed mark-up is determined by subtracting the materials 
cost per Pb/ acid battery from the total value-added Pb/ acid battery cost. 
This difference is then added to the basic materials costs of the Ni/Fe and 
Ni/Zn battery for each vehicle type to get the total fixed mark-up battery 
cost. The nonbattery vehicle cost methodology used is the same as that used 
in the value-added approach. Battery and nonbattery costs are summed to 
obtain initial EHV costs. Li/S vehicle costs are not computed using this 
method, because the materials costs are relatively low for these batteries. 
Also, the manufacturing process for Li/S batteries is not well defined at this 
time. 

Equivalent CV Methodology for Initial Vehicle Costs 

The value-added methodology is used to determine initial CV costs 
based on the vehicle characterizations in App. B. 

G.l.1.2 Life Cycle Costs 

Many different life cycle cost methodologies have been devel
oped.G.1-G.3 For this analysis, the Ref. G.l methodology is used with some 
minor modifications for both the EVHs and CVs. All of the constants in the 
following equations are based on the data analysis of Ref. G.l; many are 
regression constants and coefficients. The value-added approach for initial 
costs is used for all vehicle types. This is done to provide life cycle costs 
for all vehicles, since Li/S fixed mark-up initial cost values could not be 
computed. Life cycle costs are first generated in constant 1977$, because the 
values of the regression parameters were derived from Ref. G.l i n 1977$. An 
implicit price deflator is then applied to derive 1979 life cycle costs. The 
formulas apply to both EHVs and CVs unless stated otherwise. 

Insurance Costs 

Since insurance costs vary with weight, 
vehicle classes: (1) four-passenger cars and 
five-passenger cars (class 2), and (3) all 

they are computed for three 
light trucks (class 1), (2) 

other trucks and buses (class 
3). 



where: 

INS·· lJ a· + b·(Y·) J J l 
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INS··= insurance costs f or vehicle i in class J0

, 1-J 

Yi vehicle life per vehicle i (yr), 

aj,bj parameters, and 

J class. 

(G.10) 

The aj and bj parameters have values of 223 and 138 for class 1 , 258 and 
143 for class 2, and 294 and 148 for class 3. They apply to both EHVs and 
CVs. 

where: 

where: 

~arage, Parking, Tolls, Etc. 

GPTEi = total cost of garaging, parking, tolls, etc., for 
vehicle i. 

Jitle, Registration, License, Etc. 

TRLEi title, registration, license, etc., for vehicle 
l ' 

RPi retail price for vehicle i, and 

Wi weight of vehicle (kg). 

Road Taxes 

(G.11) 

(G.12) 

Road taxes are included in the retail cost of gasoline, oil, and diesel 
fuel. For CVs, these taxes are included in the cost of the fuel and oil. An 
equivalent tax, related to the vehicle weight, is assessed against EVs in the 
Ref. G .1 model. Road taxes for HVs are computed as though they are EVs. 

(G.13) 

where: 

road tax per EHV i, and 

KMi total lifetime distance driven for vehicle i (km). 



where: 
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Tires 

RTIRi = cost of replacement tires for vehicle i (constant 
1977$) . 

Repairs and Maintenance 

(G . 14) 

Repairs and maintenance costs depend on distance driven and type of 
vehicle. 

(G.15) 

where: 

RPi = repairs and maintenance costs for vehicle i. 

The aj parameter value is 0.0067 for class 1 (light trucks and four-passenger 
EVs); 0.0074 for class 2 (five-passenger cars); and 0.0092 for class 3 (trucks 
and buses). Corresponding CV class parameters are 0 . 0175, 0.0195, and 
0.0241 . 

HVs: 

where: 

Equation G. 16 is used to determine repairs and maintenance costs for 

EVPi = time HVi is driven on electric power(%), and 

HVPi = time HVi is driven on heat engine(%). 

(G.16) 

The values of aj and bj are 0 . 0067 and 0 . 0175 for class 1 HVs (four-passenger 
cars); 0.0074 and 0.0195 for class 2 HVs (five-passenger cars); and 0.0092 and 
0.0241 for class 3 HVs (all trucks and buses). 

where: 

CV and HV Fuel Costs 

CFi = lifetime fuel cost for CVi or HVi, 

GPKi = gallons of fuel used by vehicle i (per km), and 

Fuel = fuel costs per gallon (constant 1977$) (assumed to be 
$1.10). These are factored by 1.07 to include costs 
for oil. 

(G.17) 



where: 
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Electricity Costs 

ELEi = electricity cost per vehicle lifetime, and 

KPKi = kilowatt hours per mile for vehicle i. 

(G.18) 

The total marginal cost of electricity of $0.035/kWh is derived from the 
analysis presented in App. F. 

Vehicle Capital Costs 

Vehicle capital costs are the financing costs associated with vehicle 
purchase. A 10% cost of capital is assumed. The following equation from 
Ref. G.l i s used: 

where: 

Y· l 

VCCi = vehicle i capital cost, 

Yi lifetime of vehicle i (yr), and 

CPi = initial price of vehicle less battery (constant 
1977$). 

Rep 1 ac emen t _ Battery Costs_ 

(G.19) 

The costs of the replacement batteries are determined in the same 
manner as the costs for the initial batteries (see Sec. G.l.1.1). 

_Bat~ery Capital Costs 

Battery capital costs are the financing costs associated with battery 
purchase and replacement. A 10% cost of capital is assumed . The following 
equat ion from Ref. G.l is used: 

where: 

[
_(_Ci~~~l__)-~-]- Si - Ci 

(l.l)Li - 1.0 

BCi battery capital cost for vehicle 1, 

Lj = lifespan of battery type J, 

(G.20) 
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Ci= cost of battery per vehicle i, 

Si salvage value per battery per vehicle i, and 

N number of battery changes in lifetime of vehicle. 

G.1.2 Other Cost-of-Travel Studies 

Table G.2 summarizes the resul ts of other studies that are used for 
comparative purposes in the cost-of-travel analysis.G.4-G.9 These studies 
in large part confirm the result of this analysis, i.e., that the Pb/acid EHV 
generally has the lowest initial cost among EHVs. The results of this 
analysis show that Li/S EHVs rank second in relative initial costs. Of the 
two other studies that evaluated Li/S EHVs, one found them less expensive than 
all other EHVs and the second found them more expensive. All the other 
studies rated t he nickel-based EHVs relatively high in initial cost as does 
this analysis. 

G. 2 EMPLOYMENT 

G. 2 .1 Method 

The employment results summarized in Sec. 3.10.2 are obtained using a 
four-step method illustrated in Fig . G.l. The method provides information on 
likely changes in employment and skills requirements at several levels of 
aggregation. It also provides information on industrial capital impacts and 
changes in local government expenditures. 

In step 1 the direct materials requirements for EHVs without battery or 
motor/controller recycling are calculated. The methodology for determining 
battery materials is explained in Secs. B.3.2 and C.1.1. The output i nc ludes 
total materials requirements for each scenario and a ratio of EHV scenario 
requirements to BASE scenario requirements for each material. The ratios 
(input-output [I/0 ] model coefficient changes) are then used as inputs to step 
2. 

The second step consists of two parts: an econometric ally driven 
186-sector I/0 model (INFORUMG.10) and Eq. G.21. INFORUM projects total 
national employment. Using the step l I/0 technical coefficient changes for 
projected years and the changes in fuels requirements derived from the energy 
intensities of the vehicles (see Table B.10), INFORUM produces the direct and 
indirect employment impacts for each scenario. The d irect impacts are defin e d 
as employment changes that result from actual materials requirements of EHVs. 
I ndirect impacts are defined as additional changes required by the manufacture 
and distribution of EHVs. An example of indirect employment impact is the 
increased employment in the tool and die industry due to die requirements of 
EHVs. 

Using Eq. G.21, Bureau of Labor Statistics (BLS) 1985 skills projection 
data are used to obtain skills category changes for EHVs .G.11 Thus: 



Table G.2. Ranking of Initial EHV Costs by Battery Typesa 

________ ___________ St~ _____ __ ______________________________ _ 

Rank 
(least cost 

first) 

Lawrence Livermore Laborator_y_b 

1980-1982 1985-1990 1990-2000 

Internal 
Memorandum 
to ANL from 

Joseph Consiglio, 
Consultancc 

1980-2000 

General 
Research 

Corporation 
( unpub 1 is hed __ d_a ta) d 

1980-2000 
-- -------------------··------ ------ -----~ -- --- --- ---- - - · - - ·- -- --·- - -- - --·--

2 

3 

4 

5 

Pb/acid EV 

Ni/Zn EV 

Ni/Fe EV 

Li/S EV 

Pbiacid EV 

Ni/Zn EV 

Ni/Fe EV 

------- - - - -- - --- --- - -- - ---- - ------·----

Li/S EV 

Pb/acid EV 

Ni/Zn EV 

Ni/Fe EV 

Pb/acid EV 

Ni/Zn HV 

Ni/Fe EV 

Pb/acid EV 

Pb/acid HV 

Ni/Zn EV 

Ni/Zn HV 

Li/S EV 

aA 11 of the studies reported here considered only cars; ANL also included trucks and buses. 

bRef. G .4 

CRef. G.5 

dRef. G.6 

eRe f. G . 7-G . 9 

Battery Company 
Studies Submitted 

to ANLe --- --- -

1980-2000 

Pb/acid EV 

Ni/Fe EV 

Ni/Zn EV 

frhis includes trucks and buses only. For passenger cars, the Ni/Zn vehicle has the highest cost. 

ANL 
Method 

1985-2000 

Pb/ acid EV 

Li/S EV 

Ni/Fe EVf 
Ni/Zn EVf 

Pb/ acid HVf 

Ni/Zn HV 

.i:-
v, 
N 



SEijt = 

where: 

SEijt 

P· 1 = 

Eijt = 

STEP I 

CALCULATE 

EHV MATERIALS 

STEP 2 
EXERCISE 

INFORUM AND 
CALCULATE SKILLS 

REQUIREMENTS 

STEP 3 
APPORTION 

EMPLOYMENT TO 
STATE AND 

LOCAL AREAS 

STEP 4 
EXERCISE SOCIAL 

AND ECONOMIC 
ASSESSMENT MODEL 
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CHANGES IN FUEL 
REQUIREMENTS 

NATIONAL 
DIRECT AND 

INDIRECT 
OUT PUT AND 
EMPLOYMENT 

IMPACTS 

Fig. G.l. Flow Diagram of Economic 
Assessment Method 

(Pi)(Eijt) 

skills employment per industry 1, for scenario J ' 
year t' 

BLS percentage of workers 1n skill category in 
dustry 1 for 1985, and 

national employment projection in industry 1, 
scenario J' 1n year t. 

(G.21) 

in 

in-

for 

Since BLS projections do not go beyond 1985, it 1s assumed that trends wi l 1 
not change from 1985 to 2000. 

The national direct and indirect employment projections are apportioned 
in step 3 to various state and local levels by assuming that present state and 
local employment distributions keep their same relationsh i ps to the national 
totals. For this assessment, the sample case studied is the lead industry in 
Iron County, Missouri. Iron County was chosen because most U.S. lead mining 
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occurs there and likely EHV impac ts would be magnified. INFORUM lead process
ing sector output is used as a proxy for lead mining, since INFORUM has no 
lead mining sector. Step 3 r esults are then multiplied by the BLS mining 
sector skills projections to obtain the required skills changes for Iron 
County. 

The basic relationship in step 3 is: 

(G . 22) 

where: 

EICjt = Iron County direct lead sector employment for see-
nario J i n year t, 

LOjo lead sector output for scenario J in 1978, 

LOjt = lead sector output for scenario J in year t l and 

BE0 employment in lead mining in Iron County in 1978. 

Direct Iron County employment projections are used in step 4 as the 
input to the social and economic assessment model (SEAM).G.12 SEAM esti
mates the employment and public cost requirements for the county, inc l uding 
total employment, basic work force (direct labor, e.g., lead miners), avail
able male and female community work force, population impacts of job-induced 
migration, and county operating expenses for services (e.g . , social welfare 
and education). 

G. 2.2 Analysis 

EHV commercialization should not significantly change national employ
ment. Only five out of 90 industrial sectors examined fo r direct and indirect 
impacts have employment changes of greater than 10,000. EHV distribution and 
manufacturing are assumed to be absorbed by the present CV network, which 
explains why motor vehicle employment does not change significantly. Employ
ment impacts of EHVs on the service station and auto repair industries are not 
analyzed, because EHV maintenance requirement studies are not available. It 
is interesting to note that EHV motor and controller requirements do not 
require significant employment increases in the engine electrical equipment 
industry. Table G.3 presents the national employment changes for selected 
industries by scenario. 

Operatives (semiskilled) and craft categories are the skil l s areas most 
significantly impacted, since electric utilities and the mining, nonferrous 
producing, and battery industries rely heavily on these skills . Tab l e G .4 
shows some of the expected shifts. For example, significant increases in 
electric utility generation require many transmission lines to be built and 
reconditioned, which results in a greater need for construction craft workers. 
Sales, managerial, and clerical personnel are not significantly impacted . 
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Table G.3. National Employment for Sel ected 
Industries, 1977 to 2000 ooJ > 

Employment 

Sector Scenario 1977 1985 1990 2000 

Mining BASE 347 367 351 345 
LOW I 347 367 350 348 
LOW II 347 367 349 351 
MEDIUM 347 367 350 349 
HIGH I 347 367 350 35 7 
HIGH II Ji 367 349 357 

Nonferrous BASE 332 412 428 414 
smelting LOW I 332 411 427 416 

LOW II 332 412 427 424 
MEDIUM 332 412 428 417 
HIGH I 332 412 428 427 
HIGH II 332 412 427 43 1 

Petroleum BASE 206 219 208 198 
refining LOW I 206 219 207 197 

LOW II 206 219 208 197 
MEDIUM 206 219 208 196 
HIGH I 206 219 208 190 
HIGH II 206 219 207 192 

Crude oil BASE 259 192 144 99 
production LOW I 259 192 144 98 

LOW I I 259 192 144 97 
MEDIUM 259 192 144 96 
HIGH I 259 192 144 87 
HIGH II 259 192 144 89 

Electric BASE 454 483 520 553 
utilities LOW I 454 483 509 555 

LOW II 455 483 509 558 
MEDIUM 454 483 517 559 
HIGH I 454 483 518 581 
HIGH II 455 483 510 574 

I ron and BASE 879 930 911 842 
steel LOW I 879 923 911 845 

LOW II 879 930 909 848 
MEDIUM 879 930 911 843 
HIGH I 879 929 909 849 
HIGH II 879 929 908 851 
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Tab le G.3 . ( Cont ' d) 

Employment 

Sector Scenario 1977 1985 1990 2000 

Engine BASE 212 298 316 300 
electrical LOW I 212 298 315 300 
equipment LOW II 212 298 315 301 

MEDIUM 212 298 316 300 
HIGH I 212 298 316 303 
HIGH II 212 298 315 302 

Motor BASE 876 1129 1139 1149 
vehicle LOW I 876 1129 1139 1150 

LOW II 876 1129 1139 1150 
MEDIUM 876 1129 1139 1150 
HIGH I 876 1129 1139 1150 
HIGH II 876 1129 1139 1150 

Batteries BASE 11 2 136 144 147 
LOW I 112 136 146 150 
LOW II 112 136 144 151 
MEDIUM 112 136 144 158 
HIGH I 112 136 145 186 
HIGH II 112 136 145 164 

Plastics BASE 511 591 612 651 
LOW I 511 591 612 651 
LOW II 511 591 612 652 
MEDIUM 511 591 612 652 
HIGH I 511 591 612 655 
HIGH II 511 591 612 656 

Rubber BASE 218 260 241 231 
LOW I 218 260 241 231 
LOW II 218 260 24 1 231 
MEDIUM 218 260 24 1 232 
HIGH I 218 260 24 1 233 
HI GH II 218 260 214 232 

The Iron County, Missouri, case study adds an important perspective. 
It is clear that important county-level impacts can result from EHV commer
cialization. In 2000, under all scenarios, Iron County basic employment 1s 
projected to increase 97- 387% and population to increase 76-400% . 

G.3 MATERIALS FACTOR PRICE 

Lead, zinc, nickel , copper, and cobalt are analyzed for four pricing 
scenarios: best case, strong/weak case , half case, and worst case. Table G.5 
shows materials price projections for all four. 



457 

Table G.4. Skills Empl oyment Changes from BASE to HIGH I and 
HIGH I I Scenarios for the Five Most Significantly 
Affected Industries, 2000 

Nonferrous Crude Oil Electric 
Skill Mining Processing Production Utilities Batteries Total 

HIGH I 

Professional 1,669 1,037 -2,540 3,534 378 4 ,078 
(engineers) 

Managerial 929 606 -1,225 1,714 9,036 11,060 

Sales 28 112 -25 330 8 , 280 8,725 

Clerical 1,170 1,491 - 1 ,580 5,634 6,150 12,865 

Crafts 2,850 2,591 -2,016 13,014 6,154 22,593 

Operatives 4, 77 l 6,124 -4,302 1 , 725 7,773 16,091 

Services 125 255 -1 22 638 207 1, 103 

Laborers 457 784 -190 1,411 1,022 3,484 

HIGH II 

Professional 1,669 1,357 -2,117 2,650 165 3,724 
(engineers) 

Managerial 929 792 -1,021 1,285 3,939 5,924 

Sales 28 146 -21 248 3,609 4,010 

Clerical 1,170 1,950 -1,317 4,225 2 , 681 8,709 

Crafts 2,850 3,388 -1,680 9,761 2,683 17 , 002 

Operatives 4,771 8,009 -3,585 1,294 3,388 13 , 877 

Services 125 333 -102 479 90 925 

Laborers 457 1,025 -158 1 ,058 445 2,827 

The best-case scenario assumes that no producer, country, or company is 
able to establish materials price control. It also assumes current prices 
remain constant to 2000. The worst-case scenario assumes OPEC-type materials 
price manipulations from 1979 to 2000 for nickel, copper, and cobalt, but no 
price manipulation in lead or zinc. This scenario recognizes that: ( 1) there 
are no domestic cobalt reserves, (2) 75% of U.S. cobalt supplies originate in 
Zaire, (3) 50% of U.S. nicke l supplies are imported , and (4) a copper cartel 
(CIPEC) already exists. It also takes into account serious 1979 cobalt 
producer price manipulations and explicitly assumes that the ocean mining 
discussed i n Sec. 3.2 does not occur before 2000. Worst - case cobalt, copper , 
and nickel prices are calcul ated by compounding the 1979 material price at 
5. 85% annually. This percentage is the average annual OPEC price change i n 
constant U.S. dollars for Saudi Arabian light crude from 1974 to 1979 . 
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Table G. 5 . Material s Price Projections, 1979 to 2000 
(constant 1979$/lb)a 

---- -- - - -

Mat e r ials Scenario 
and Year Lead Zinc Nickel Copper Cobalt 

-- ----
1979 prices o.5ob 0 . 36b 3.80 0.96b 25.00 

Best case 

1985 0 . 51 0 . 39 3 .40 1. 38 25.00 
1990 0 . 51 0 . 39 3.40 1. 38 25 .00 
2000 0 . 51 0.39 3 .40 1. 38 25.00 

Strong/weak case 

1985 0.51 0.39 4 . 78 1.94 40 . 97 
1990 0 . 51 0.39 6 . 35 2.58 82.50 
2000 0.51 0 . 39 3.40 1. 38 25 . 00 

Half case 

1985 0.51 0.39 4 . 09 1. 66 32.99 
1990 0.51 0 . 39 4 .88 1. 98 53 . 75 
2000 0.51 0 . 39 7.31 2 . 97 82 .92 

Worst case 

1985 0.51 0 . 39 4 . 78 1.94 40.97 
1990 0 . 51 0 . 39 6.35 2 . 58 82 . 50 
2000 0 . 51 0.39 11.22 4. 55 140.83 

aAll price projections are producer prices unless otherwise 
noted . 

bspot Prices. 

The half- case scenario assumes no price manipulations in zinc and 
l ead, and that cobalt, copper, and nickel pr ices are midway between best- and 
wor st- case prices. The strong/weak case accounts for ocean mining production 
starting in 1990. This case also assumes OPEC- type price manipulation (prices 
i ncreasing at 5 . 85% annually to 1990) for copper, cobalt, and n i c kel. Then 
ocean mining restores competition, and best- case prices apply from 1990 to 
2000. Best-case lead and zinc pr i ces are assumed for 1979-2000. 

G.4 BALANCE OF TRADE 

Equation G.23 is used to determine balance of trade i mpacts : 

BTiAz j 
5 

(OSiA)(POAz ) - L (MRiAp)(PA)(PMjAp) 
p-1 

(G.23) 
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impact on balance of trade for EHV scenario i in 
assessment year A (1985, 1990, and 2000), for EIA 
oil scenario z, and materials scenario j (constant 
1979$), 

OSiA = barrels of oil saved by EHVs for EHV scenar i o i in 
assessment year A (see Sec. C.2), 

= price of a barrel of oil i n assessment y e ar A for 
EIA oil scenario z (see Table 3.40), 

~ materials required for ERV scenario 1, in assessment 
year A , for material p (see Tables C.2-C .10), 

PA material import percentage in assessment year 
A, for material p (see Table 3.1), and 

materials price for material scenario j (see 
Table G.5), in assessment year A , for material 
p. 

Tables G.6-G . 10 show net EHV impacts on balance of trade assuming no 
recycling. EHV impacts with recycling are included in Sec. 3.10.4, b ut 
no recycling of mat e rials is assumed for 1985. For 1990 and 2000, both 
no recycling and recycling at 95% for major battery materials and at 90¼ for 
motor/ controller/ charger major materials are given . The results are mixed. 
Tables G.ll-G.13 were generated to assist in evaluating the impacts by focus
ing on the nickel and cobalt import problem. 

Table G.11 for the MEDIUM scenario presents several combinations of 
nickel, cobalt, and oil price scenario balance of trade impacts. The extremes 
present in the year 2000 range from a balance of trade savings of 4.6 billion 
constant 1979$ to a deficit of 10.6 billion constant 1979$. It is obvious 
that nickel and cobalt price manipulation can have a serious negative impact 
on balance of trade. Table G.12 presents similar results for the HIGH market 
scenarios. Table G .13 presents the worst-case and hal £-case price scenarios 
for cobalt and nickel balance of trade impacts using the EIA oil scenario B 
(see Table 3.40) and each EHV market scenario. 

G.5 PRIVATE AND PUBLIC SECTOR CAPITAL COSTS 

The public cost estimates for Iron County, Missouri , are derived from 
the public costs project i on model (IPCO) component of SEAM (see Sec . 
G.2.l).G.12 IPCO evaluates the impacts of new technologies in different 
counties and regions on a standardized basis, i.e., the dollar costs of 
acconnnodating induced growth. IPCO estimates the annual costs of constructing 
and operating the following public facilities and services necessary to 
accommodate growth: hospitals, social welfare, police, fire, sewers, water, 
solid waste, recreation, libraries, general government, and education . 
The list of evaluated services is, of course, not exhaustive of al l publicly 
provided facilities and services. For example, county roads and local streets 
are not included in the list and, therefore, are not reflected in the esti
mates of increased public costs. 
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Table G.6. EHV Impacts on Balance of Trade, 
LOW I (106 constant 1979$)a 

Materials Price Scenario EIA Oil 
Scenariob 

------- - --- --- - --·- ---------- - - -- - - -

Best Strong/weak Half Worst 

1985 
A 20.21 19 . 65 19. 93 19.65 
B 25.68 25 . 12 25.40 25 .12 
C 15 .16 14.60 14 .88 14.60 
D 11 . 27 10.70 10.98 10 .70 
E 9.77 9.21 9.49 9.21 

1990 
A 85 . 67 69 . 59 77 .63 69. 59 
B 74 .23 58 .14 66 .18 58 . 14 
C 57.23 41 .14 49 .18 41.14 
D 34.04 17. 96 25.99 17. 96 
E 21.97 5.87 13 . 92 5.89 

2000 
A 2,460.00 2,460. 00 1,944.00 1,428. 00 
B 2,291.00 2,291.00 1,774.00 1,259.00 
C 1,429.00 ] ,429.00 912.80 39 7 . 00 
D 760.50 760.50 244 .50 - 271.30 
E 486.00 486.00 -30.04 - 545.80 

aoollars of net oil saved (oil saved minus oil used 
in generating required electricity t o fuel EHVs) 
minus dollars of materials imported (assuming no 
recycling) . 

bsee Table 3 .40. 

The data for the public costs model were prepared exclusively for use 
in IPCO and contain information on both the physical quantities of public 
facilities and services required per capita and the costs of providing them in 
communities of different sizes, of differe nt characteristics (e.g., central 
cities, rural areas, and dependent and independent out l ying areas), and 
located in different regions. Within each of the nine census regions, there 
are five separate community types; for each community type, there are five 
separate classes of population size. Thus, for each of the 11 public s e r
VJ.ces, there are 225 different facility requirements and cost schedules to 
choose from, depending on the type and size of the community and the region in 
which it is located. 

The I/0 model INFORUM was adjusted for the scenario inputs and used t o 
produce capital spending estimates in 90 economic sectors . 

Federal tax revenue losses due to EHVs are derived by mul t iplying the 
$0.04/gal federal motor tax by gasoline and diesel fuel gallons save d by 
EHV commercialization. Estimated federal motor fuel tax revenues without EHV 
commercialization are derived for 1985, 1990, and 2000 by compounding the 
average annual growth rate (2.7%) in these taxes from 1975 to 1977 to the 1977 
revenue figure. The tables in Sec. 3.10.5 summar1ze the findings of the 
private and public sector capital costs analysis. 
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Table G.7. EHV Impacts on Balance 
of Trade , LOW II 
(106 constant 1979$)a 

Materials Price Scenario EIA Oil 
Scenariob 

·- -- . ··- - -·--··-- - -- -· --- --- - ··--·------ - -·- . - -
Best Strong/weak Half Worst 

- ---- - - - -- - - ·- ---- -. -.. , . - - - ----- --- - -·- - - - - --- . --· 
1985 

A 26.45 25. 7 3 26.09 25. 73 
B 33.64 32.92 33 .28 32 . 92 
C 19 . 81 19. 10 19 . 45 19 .1 0 
D 14.69 13 . 97 14. 33 13.97 
E 12 . 7 2 12 . 00 12 . 36 12.00 

1990 
A 123 . 50 105.90 114. 70 105.90 
B 107 . 30 89 . 64 98.48 89 . 64 
C 83.24 65. 56 74 . 39 65 . 56 
D 50 .40 32 . 71 41 . 5 5 32.71 
E 33.30 15 .61 24 .45 15.61 

2000 
A 4 , 11 9.00 4.119.00 3,575.00 3,032.00 
B 3,847.00 3,847.00 3.303.00 2, 760 .00 
C 2,460 . 00 2 , 460 .oo 1,916 .00 I, 373.00 
D 1,384 . 00 1,384.00 840 . 90 297 . 80 
E 942. 70 942 . 70 399 . 20 - 143.90 

3 Dollar s of net oil saved ( oil saved minus oil used 
in generating required electricity t o fuel EHVs) 
minus dollars of materials imported (assuming no 
recycling) . 

bsee Table 3 . 40. 

Table G.8 . EHV Impacts on Balance 
of Trade, MEDIUM 
(106 constant 1979$)a 

Materials Price Scenario EIA Oi I 
Scenariob 

--· ----------- - - ------------ ------ -· ---------- -
Best Strong/wea.k Half 

-·- --·---- -- - - -- --- - ·-·-. -- -- ... -- - - - . - . - ·-
1985 

A 17.25 8 . 43 12.84 
B 26.07 17 . 24 21. 66 
C 9 .11 0 . 28 4. 70 
D 2 . 83 -6 . 00 -1. 59 
E 0.4 1 -8 .42 - 4.01 

1990 
A 77. 92 -145 .40 -33 . 87 
B 51.47 - 171.90 - 60 .32 
C 12.20 -211.20 - 99 . 60 
D - 41. 36 - 264. 70 -1 53.20 
E -69.25 -292.60 - 181 .00 

2000 
A 3,642 . 00 3 ,642 . 00 - I , 613 .00 
B 3 , 227.00 3,227.00 -2, 028.00 
C 1,116.00 I , 116 . 00 - 4 ,139.00 
D - 521 . 50 -521.50 - 5 .777.00 
E - 1,194.00 - I ,194 .00 -6,449.00 

- - - -- - - . -- -·- - - -- . - - - - ------ - - ...... _ - . -- . - -- -

Worst 

8 .43 
17.24 
0.28 

-6 . 00 
- 8 .42 

- 145.40 
- 171 . 90 
-21 l. 20 
- 264. 70 
-292.60 

-6 ,86 7. 00 
-7,282 . 00 
-9 .393 . 00 

- 11 ,030.00 
-11, 700 . 00 

8oollars of net oil saved (oil saved minus oil used i n 
generating requi r ed electricity to fue l EHVs) minus 
dollars o f materials imported (assuming no r ecycling) . 

bsee Table 3 .40. 
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EHV Impacts on Balance 
of Trade , HIGH I 
(106 constant 1979$)a 

Material s Price Scenar io EIA Oi l 
Scenar i ob 

•- - • •- - - •- •••-------•• - ----H•- - •-•• •---•• • • 
Bes t Strong/weak Half Wo rst 

. ---- -·-- -- .. ---·- -·- - - - - . - ·- --- -- - - - - -- --- - -- · -- - -- - -- - -- - -
1985 

A 50 . 31 40 .25 45 28 40 . 2 5 
B 68.35 58.29 6J . 32 58 . 29 
C 33 . 64 23.59 28 . 61 23 . 59 
D 20. 78 10.72 15. 7 5 10.72 
E 15 .84 5 . 78 10 . 81 5 . 78 

1990 
A 13 . 32 -590 . 30 - 288 .80 - 590 . 30 
B -36. 63 - 640 .30 - 338 . 80 - 640 . 30 
C - 110.80 - 714 . 50 - 413.00 -7 14.50 
D -212 . 00 -815 . 60 - 514 .1 0 - 815 .60 
E - 264. 70 - 868 . 30 -566.80 - 868 . 30 

2000 
A 15,J IO.OO 15,310.00 1 , 493 .00 - l2,320 . 00 
B 13 ,880.00 13 ,880.00 -6 ,375 . 00 -13, 750 . 00 
C 6,608.00 6,608.00 - 7,213.00 - 21 ,030 . 00 
D 963 . 70 963 . 70 -12,860.00 - 26,670 .00 
E - 1,355.00 - 1,355.00 -15 , 180. 00 -28,990.00 

aDollars of net oi l saved (oil saved minus oil used in 
generating requ i red electricity t o fuel EHVs) 
minus dollars of ma terials impor t ed (assuming no 
recycling) . 

bsee Table 3.40 . 

Table G.10. EHV Impacts on Balance 
of Trade , HIGH II 
(106 cons tant 1979$)a 

ElA Oil ___ _ _______ Materials Price Sc_enario ___ . 

Scenario6 Best Strong/weak Half Worst 
- --- ------ -·- . - ... -- . -- . - --- - - ·- - - ---- - - - --- - - --- . - -- -- - --- - -- -

1985 
A 49.71 39 .40 44.55 39 .40 
B 66.75 57.45 62 . 60 57 .45 
C 33 .04 22. 74 27. 89 22. 74 
D 20. 18 9.88 15.03 9.88 
E 15.24 4.93 10.08 4 . 93 

1990 
A - 30.94 - 678.80 - 355. 20 - 678.80 
B - 79 . 76 - 727 .60 - 404 .00 - 727 .60 
C - 152.30 - 800 .10 -4 76. so -800 . 10 
D -251. 10 - 899. 00 -575.40 - 899 . 00 
E - 302. 60 - 950. 50 - 626.90 - 95() . 50 

2000 
A 11,630 .00 11,630. 00 -6,203.00 - 24 ,030 . 00 
B 10,270.00 10,270.00 - 7 , 565 . 00 - 15 ,390 . 00 
C 3,335.00 3,335.00 -14 ,500.00 - 32,330.00 
D -2,044.00 - 2,044 . 00 - 19,880.00 - 37,710 . 00 
E - 4,253.00 - 4, 253. 00 - 22 , 090.00 - 39, 920 . 00 

aoollars o f net oi l saved ( o il saved minus oi l used i n 
generating required elec t r i city to fuel EHVs) minus 
dollars o f materia l s impor t ed (assuming no recyc l ing). 

bsee Tab l e 3 . 40. 



Table G.11 . Balance o f Trade Impacts of MEDIUM EHV Scenario, EIA Oil Scenar i os 
Band D, and Best-Case and Worst-Case Cobalt and Nicke l Material s 
Price Scenarios, 1990 and 2000 (106 constant 1979$) 

---·----·- - --- ----- - -- - --~------- --- - --------- --·--·-- - - -------- ---- - ------~-- -··-- - --

Materials Nicke l Plus Metals I mported Metal Imports as 
Price Sce nar i o EIA Oil Imported Nic kel Cobalt Cobalt Minus a Percentage o f 

and Year Recycling Sc enario Oil Saved Import ed Imported Imported Oil Saved Oil Imports Saved 
---------- - --------- --------- - -- ------ ------------
1990 

Best case No D 118 .6 80 . l 64.8 144.9 26 .3 122 
Yes D 118 .6 64 . 7 52.6 117 . 3 l. 3 99 
No B 211.4 80 . 1 64.8 144.9 66.5 69 
Yes B 211.4 64 . 7 52 .6 117 . 3 94 .1 55 

Worst case No D 118 . 6 149.5 213.8 363.3 - 244.7 306 
Yes D 118.6 120 . 8 173 .6 294 .4 -175.8 248 
No B 211 .4 149.5 213.8 363.3 - 151.9 172 
Yes B 211.4 120.8 173 .6 294 .4 -83 139 

2000 
.i:--

Best case No D 2,848.2 1,730.1 1,371 . 7 3,101 .8 -253 .6 109 °' w 
Yes D 2,848.2 1,136.0 900.6 2,036.6 811 .6 72 
No B 6 ,597 . 1 1,730.1 1,371.7 3,101.8 3 ,495 . 3 47 
Yes B 6,597 . 1 1,136 .0 900.6 2,036.6 4,560.5 31 

Worst case No D 2 ,848 . 2 5,709 .4 7,727 . 1 13,436 . 5 10 ,588.3 472 
Yes D 2,848.2 3 , 748.6 5,073.0 8,821.6 5,973.4 310 
No B 6,597.1 5, 709 . 4 7,727 . 1 13,436.5 6,839.4 204 
Yes B 6 , 597.1 3,748 . 6 5,073 .0 8,821.6 -2,224 . 5 134 



Table G.12. Balance of Trade Impacts of HIGH ERV Scenarios, EIA Oil Scenarios, 
and Best-Case and Worst-Case Cobalt and Nickel Price Scenarios, 
1990 and 2000 (106 constant 1979$) 

- - ---·-·- --· -- --------· ---- - - - - ----·------- ---- --·--·- - ·- - - --- --- ·-- - - - - ---------------
Materials EIA Nicke l Plu s Met a 1 s Imported Metals Imports as 

Scenario Price Oil Imported Imported Imported Cobalt Minus a Percentage of 
and Year Scenario Scenar i o Recycling Oil Saved Nick e l Cobalt Imported Oil Saved Oil I mports Saved 
-------------------- ---------- ------- --------- ----- ·------- -- ---- -------------
HIGH I 

1990 Bes t A No 449 . 3 219.2 173.9 393.l 56.2 87 
Best A Yes 449 . 3 19 5. 5 155.1 350.6 98.7 78 
Best B No 399.3 219. 2 173.9 393.1 6 .2 98 
Best B Yes 399 . 3 19 5. 5 155.l 350.6 48 . 7 88 
Best C No 325.l 219.2 173.9 393 . 1 -68 121 
Best C Yes 325.l 195.5 155 . l 350.6 -25 . 5 108 
Best D No 224 . 0 219.2 173.9 393 .1 -169.1 175 
Best D Yes 224.0 19 5. 5 155 . l 350 . 6 -126.6 157 
Best E No 171. 3 219 . 2 173 . 9 393 . 1 - 221.8 229 
Best E Yes 171. 3 19 5. 5 155.1 350 . 6 - 179 . 3 205 

2000 Worst B No 22 , 737 . 7 14,922.6 20,221.0 35,143 . 6 -12,405 . 9 155 
Worst B Yes 22,737 . 7 10,298.0 13,946.7 24,245 . 7 - 1 ,508 107 

HIGH II 

1990 Best D No 218 .9 236 .0 185 . 0 421 -202.1 192 
Best D Yes 218.9 211 . l 167 . 5 378.6 -159.7 173 

2000 Best D No 9,354 . 8 5,848 . 0 3,589 . 6 9 ,437 . 6 - 82.8 101 
Bes t D Yes 9,354.8 3,978.0 3,165 . 0 7 ,143 2,211.8 0.76 

-------- ----- -- ---·~- -- - - ---- - - - --- - ·-----·-·- __ , _____ 

.i,-

°' .i,-



Table G.13. Balance of Trade Impacts of EIA Oil Scenario B with Half-Case and 
Worst-Case Nicke l and Cobalt Prices, with Recycling, by EHV 
Scenario, 1990 and 2000 (106 constant 1979$) 

Materials Nickel Plus Metals Imported Metals Imports as 
Scenario Price Imported Imported Imported Cobalt Minus a Percentage of 
and Year Scenarios Oil Saved Nickel Cobalt Imported Oil Saved Oil Imports Saved 

1990 

LOW I Worst case 91.5 9.7 13 .5 23.2 68.3 25 
LOW II Worst case 129.6 9.7 13.5 23.2 106.4 18 
MEDIUM Worst case 211 .4 120.8 173.8 294.6 -83.2 139 
HIGH I Worst case 399.3 365.1 511.8 876.9 -477 . 6 220 
HIGH II Worst case 390.3 394.3 552 .8 947.1 -556.8 243 

LOW I Half case 91.5 7.5 8.8 16.3 75.2 18 
LOW II Half case 129.6 7.5 8.8 16.3 113 .3 13 
MEDIUM Half case 211.4 92 . 8 113 . 1 205.9 5.5 97 .i:-, 

HIGH I Half case 399.3 280 . 0 333.5 613.5 214.2 154 
Q'\ 
u, 

HIGH II Half case 390.3 303.0 360.1 663.1 272.8 170 

2000 

LOW I Worst case 2,692.4 337.7 518.3 856 1,836.4 32 
LOW II Worst case 4,332.7 33'7 . 7 518.3 856 3,476 . 7 20 
MEDIUM Worst case 6 , 597.1 374.9 5,073.0 5,447.9 1,149.2 83 
HIGH I Worst case 22,737.7 10,298 . 0 13,946.7 24,245.7 - 1,508 107 
HIGH II Worst case 21,667.9 13,127.4 17,829.1 30,956.5 -9,288.6 143 

LOW I Half case 2,692.4 220.0 305.1 525.1 2,167.3 20 
LOW II Half case 4,332.7 220.0 305.1 525.1 3 ,807.6 12 
MEDIUM Half case 6,597.1 244 . 2 2 , 987.0 3,231.2 3,365.9 49 
HIGH I Hal f case 22,737.7 6,710.0 8,211.7 14,921.7 7,816 66 
HIGH II Half case 21,667.9 8,552.7 10,497.7 19,050.4 2,617.5 88 
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APPENDIX H 

LIST OF ABBREVIATIONS AND ACRONYMS 

Alumimnn 

Air quality control region 

Arsenic 

Advanced vehicle development 

Boron 

Best available control technology 

Best available technology 

Barrel 

Bureau of Labor Statistics 

Boron nitride 

Biological oxygen demand 

U.S. Bureau of Mines 

Battery peak power 

Battery specific energy 

British thermal unit 

Calcium fluoride 

Corporate average fuel economy 

Central business district 

Colorado Energy Research Institute 

Intergovernmental Council of Copper Exporting Countries 

Carbon monoxide 

Carbon dioxide 

Chemical oxygen demand 

Copper 

Copper sulfide 

Conventional vehicle 

Decibel (A-weighted) 

Depth of discharge 

U.S. Department of Energy 

U.S. Department of Transportation 

Environmental assessment , 

Electric and hybrid vehicle 

Energy Information Administration 



EIS 

EPA 

EV 

EVC 

Fe 

Fez03 

FMVSS 

FPC 

GE 

GM 

GNP 

GVW 

GWh 

HzS04 

HC 

HF 

hp 

hr 

HV 

HVC 

IBA 

INCO 

I/0 

IPCO 

ISOA 

KCl 

KOH 

kWh 

Li 

LiOH 

Li/S 

MD 

mpg 

mph 

Na/S 
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Environmental impact statement 

U.S. Environmental Protection Agency 

Electric vehicle 

Electric vehicle commercialization 

Iron 

Ferric oxide 

Federal motor vehicle safety standards 

Federal Power Commission 

General Electric Company 

General Motors Corporation 

Gross national product 

Gross vehicle weight 

Gigawatt hours 

Sulfuric acid 

Hydrocarbon(s) 

Hydrogen fluoride 

Horsepower 

Hour 

Hybrid vehicle 

Hybrid vehicle commercialization 

International Bauxite Association 

International Nickel Company 

Input-output 

Public costs projection model 

Improved state of the art 

Potassium chloride 

Potassium hydroxide 

Kilowatt-hours 

Lithitnn 

Lithium hydroxide 

Lithium-metal sulfide 

Market demonstration 

Mile 

Miles per gallon 

Mi les per hour 

Soditnn-sulfide 



NAAQS 

NERC 

NHTSA 

Ni 

Ni/Fe 

Ni/Zn 

NOx 

NSPS 

03 

OPEC 

OPRA 

Pb 

Pb/ acid 

PbS 

PDL 

P.L. 

ppm 

PSA 

PSE&G 

PURPA 

R&D 

RCRA 

RECAP 

s 

s 
SCR 

SEAM 

Short ton 

SIP 

SMSA 

S03 

SOA 

SOX 

TDS 

TPD 

TRC 
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National ambient air quality standard 

National Electric Reliability Council 

National Highway Traffic Safety Administration 

Nickel 

Nickel-iron 

Nickel-zinc 

Nitrogen oxide(s) 

New source performance standards 

Ozone 

Oil Producing and Exporting Countries 

Opportunity and risk assessment 

Lead 

Lead-acid 

Lead sulfide 

Person days lost 

Public law 

Parts per million 

Power supply area 

Public Service Electric & Gas Company 

Public Utility Regulatory Policy Act 

Research and development 

Resource Conservation and Recovery Act 

Recharge Capacity Projection 

Second 

Sulfur 

Silicon-controlled rectifiers 

Social and economic assessment model 

2000 lb 

State implementation plan 

Standard metropolitan statistical area 

Sulfur trioxide 

State of the art 

Sulfur oxide(s) 

Total dissolved solids 

Tons per day 

Total recordable cases 



TSS 

UA 

UF6 

VEI 

VMT 

yr 

Zn 

ZnO 

Zn/Br 

Zn/Cl 

Total suspended solids 

Urbanized area 

Uranium hexafluoride 

470 

Vehicle evaluation and improvement 

Vehicle miles traveled 

Year 

Zinc 

Zinc oxide 

Zinc-bromine 

Zinc-chlorine 
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APPENDIX I 

ORGANIZATIONS AND INDIVIDUALS CONSULTED 

This EA is the product of a multidisciplinary team comprising scien
tists, engineers, economists , and planners . Table I . l lists the analysts and 
persons consulted . 



Table 1.1. Analysts and Persons Consulted 

Anal ysts 

Project Manager 

Margaret K. Singh 

Projec t Supervisor 

Martin J . Bernard III 

Scenarios (Sec. 2, App. A) 

Martin J. Bernard III*c 
William J . Walsh 
Charles L . Hudson 
Marianne Millar 
Rita E. Knorr 

Battery Characteristics 
(Sec. B. 1) 

William J . Walsh 

Vehicle Performance Charac
teristics (Secs . 2.3 and B.2) 

WilliamJ. Walsh* 
Charles L. Hudson 
Martin J. Bernard III 
Margaret K. Singh 
Robert F. Giese 

Organization 

ANLa 

ANL 

ANL 
ANL 

Interplan Corp. 
ANL 
ANL 

ANL 

ANL 
Interplan Corp. 

ANL 
ANL 
ANL 

Main Contacts 

Daniel P. Maxfield 
(DOE sponsor) 

Phillip W. Davis 
Phillip D. Patterson 
Daniel P. Maxfield 
Barry Scott-Walton 

Organization 

DOEb 

DOE 
DOE 
DOE 

Stanford Research 
Institute 

Over 100 contacts, including all 
major EV battery developers 

Robert S. Kirk 
Kenneth Barber 
Frank Surber 

Various contacts 
Various contacts 

DOE 
DOE 

Jet Propulsion 
Laboratory 

Ford Motor Co. 
General Motors 

Corp. 
Other industrial contacts 

+"' 
--.J 
N 



Analysts 

Vehicle Production Process Char
acterization (Sec. B.3) 

William C. Chambers* 
Margaret K. Singh 
Christopher L. Saricks 

Fuel Production Process 
Characterization (Sec. B.4) 

Christopher L. Saricks 

Materials Impacts (Secs. 3.2 and C.l) 

Lawrence G. Hill 

Energy Use Comparison (Secs. 3.3 
and C. 2) 

Margaret K. Singh* 
Susan S. Tobin 

Ecosystem Impacts (Secs. 3.4 and 
D.l) 

Daniel J. Lutenegger* 
Lynne E. Takemoto 
Sheila K. Zelinger 
Christopher L. Saricks 

Table I.l. (Cont'd) 

Organization 

Mittelhauser Corp. 
ANL 
ANL 

ANL 

Economics consultant 
to ANL 

ANL 
ANL 

BAAe 
BAA 
BAA 
ANL 

Main Contacts Organization 

George Kneass Foot Mineral Co. 
Materials industry contacts 

William J. Walsh 
James Miller 
Ralph M. Doggett 
Staff 

William C. Chambers 
James Westfield 

Robert F. Giese 
Linda L. Gaines 
Kenneth M. Bertram 

Michael J. Costello 

ANL 
ANL 

IR&Td 
U.S. Bureau of Mines 

Mittelhauser Corp. 
Development Sciences 

Inc. 
ANL 
ANL 
ANL 

BAA 

~ 
-..J 
l,;.) 



Analysts 

Physical Environment Impacts 
(Secs . 3.5, D.2, D.3, and D.4) 

Sheila K. Zelinger (air)* 
Daniel J. Lutenegger (water)* 
Lynne E. Takemoto 
Robert W. Zolomij (solid waste)* 
Margaret K. Singh (noise, 

land use, aesthetic deg
radation)* 

Christopher L. Saricks 
(emissions from fuels 
production, CO hotspots, 
002)* 

Occupational Health and 
Safety Impacts (Secs. 3.6 
and E.l) 

John R. Gasper* 
Keith C. Spivey 

Public Health Impacts 
(Secs. 3.7.1 and E.2) 

John R. Gasper* 
Margaret K. Singh 

Public Safety Impacts (Secs. 
3.7.2 and 3 . 7 . 3) 

Margaret K. Singh 

Social Impacts (Sec. 3.8) 

Margaret K. Singh 

Table I.l (Cont'd) 

Organization 

BAA 

ANL 

ANL 

ANL 
ANL 

ANL 
ANL 

ANL 

ANL 

Main Contacts 

William C. Chambers 
John R. Gasper 
Robert F. Giese 
William Hamilton 
Michael J. Costello 
Brian C. Johnson 
Charles Mackus 

Sam Morris 
Lawrence G. Hill 

Sheila K. Zelinger 
William J. Walsh 

Gerald Walker 
William J. Wal sh 
Sarah J. LaBelle 

William Hamilton 

Organization 

Mittelhauser Corp. 
ANL 
ANL 
GRCf 
BAA 
BAA 

PES, Inc. 

BNLg 
Consultant to ANL 

BAA 
ANL 

DOE 
ANL 
ANL 

GRC 

.i::
-.J 
.i::-



Analysts 

Utility Impacts (Sec. 3 .9.l and 
App. F) 

Robert F. Giese* 
Alexander Kouvalis 
Michael Coll ins 

Institutional Impacts (other 
than utility) (Secs. 3.9.2-
3.9.9) 

Margaret K. Singh* 
Douglas Stroup 

Cost of Travel (Secs. 3.10.1 
and G .1 

Lawrence G. Hill 

Employment Analysis (Secs . 
3 . 10 . 2 and G . 2 ) 

Lawrence G. Hill 

Table I. 1. (Cont'd) 

Organization 

ANL 
ANL 
GRC 

ANL 
ANL 

Economics con-
sultant to 
ANL 

Economics con
sultant to 
ANL 

Main Contacts Organization 

William J. Walsh ANL 

Phillip W. Davis DOE 
Thomas Benson DOE 
Robert F. Giese ANL 

William Hamilton GRC 
William Curtis GRC 
William J. Walsh ANL 
James F. Miller ANL 
Frank R. Wyant ANL 

Industrial contacts 

Michael Padula 

Eric J. Stenehjem 
Danilo J. Santini 

U.S. Dept. 
of Labor 

ANL 
ANL 

-"' 
--.J 
V1 



Analysts 

Factor Prices and Balance of 
Trade Impacts (Secs. 3.10.3, 
3 . 10.4, G.3 , and G.4) 

Lawrence G. Hill 

Capital Impacts (Secs. 3.10.5 
and G.5) 

Lawrence G. Hill 

Scope of Work 

Martin J. Bernard III 
Michael E. Samsa 

Final Report 

Margaret K. Singh 
Martin J. Bernard III 
Mary Tisue (editor) 
Letitia Kaatz (typist) 

Table 1.1 . (Cont'd) 

Organization. 

Economics con
sultant to 
ANL 

Economics co·n
sultant to 
ANL 

ANL 
ANL 

ANL 
ANL 
ANL 
ANL 

Main Contacts 

William Hamilton 
Frank R. Wyant 

Ralph Doggett 
David Willis 
William J. Walsh 

Organization 

GRC 
ANL 

IR&T 
MVMAh 
ANL 

""' -.J 
a-



Analysts 

Peer Review 

G. Scott Rutherford 

Review 

Daniel P. Maxfield 

aArgonne National Laboratory. 

bu . s . Department of Energy. 

Table I.l. (Cont'd) 

Organization 

G. Scott Rutherford 
and Associates 

DOE 

Main Contacts 

CWhere more than one analyst is listed, the main analyst's name is starred. 

drnternational Research and Technology Corporation. 

eBarton-Aschman Associates, 

fGeneral Research Corporation. 

gBrookhaven National Laboratory. 

hMotor Vehicle Manufacturers Association. 

Organization 

~ ...... 
...... 

A 
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APPENDIX J 

ORGANIZATIONS DISTRIBUTION LIST 

The organizations identified for distribution of this document in 
accordance with 40 CFR Part 1506.6(b)(2) are listed below. 

American Association of Motor Vehicle Administration (A.AW/A) 
1201 Connecticut Avenue, N.W. 
Washington , D.C. 20036 

American Automobile Association (AAA) 
8111 Gatehouse Road 
Falls Church, Va. 22042 

Battery Council International (BCI) 
111 East Wacker Dr. 
Chicago, Ill. 60601 

Edison Electric Institute (EEI) 
1111 19th St., N.W. 
Washington, D.C. 20036 

Electric Power Research Institute (EPRI) 
Box 10412 
Palo Alto, Calif. 94303 

Electric Vehicle Council (EVC) 
1111 19th St., N.W. 
Washington, D.C. 20036 

Highway Users Federation for Safety and Mobility (HUFSAM) 
1776 Massachusetts Ave., N.W. 
Washington, D.C. 20036 

Motor Vehicle Manufacturers Association (MVMA) 
300 New Center Building 
Detroit, Mich. 48202 

National Association of Fleet Administrators (NAFA) 
295 Madison Ave. 
New York, N.Y. 10017 

National Automobile Dealers Association (NADA) 
8400 Westpark Dr. 
McLean, Va. 22102 

National Institute of Automotive Services Excellence (NIASE) 
1825 K St., N.W. 
Washington, D.C. 20006 

Society of Automotive Engineers, Inc. (SAE) 
400 Commonwealth Dr. 
Warendale, Penn. 15096 



Internal 

M.J. Bernard Ill (300) 
P. Benioff 
R.R. Cirillo 
E.J. Croke 
J.J. Dzingel 
A.R. Evans 
J.R. Gasper 
R.F. Giese 
L.G. Hill 

External 
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Distribution for ANL/CNSV-13 

A.S. Kennedy 
A.B. Krisciunas 
K.S. Macal 
W.E. Massey 
P.A. Nelson 
J.J. Roberts 
C.L. Saricks 
R.K. Sharma 
H. Shimotake 

DOE-TIC, for distribution per UC- 96 (150) 
Manager, Chicago Operations and Regional Office, DOE 
Chief, Office of Patent Counsel, DOE-CORO 
K. Johnson, DOE-CORO 
D. Stein, DOE-CORO 
President, Argonne Universities Association 

M.K. Singh 
M.W. Tisue 
R.L. Tobin 
R. Varma 
W.J. Walsh 
N. - P. Yao 
ANL Contract Copy 
ANL Libraries (3) 
TIS Files (6) 

Energy and Environmental Systems Division Review Committee: 
W. C. Ackermann, U. Illinois 
E. E. Angino, U. Kansas 
E.N. Castle, Resources for the Future, Inc. 
R.L. Clodius, National Assn. of State Universities and Land Grant Colleges 
B.A. Egan, Environmental Research and Technology, Inc. 
W.W. Hogan, Harvard U. 
W.N. Poundstone, Consolidation Coal Company 
L.H. Roddis, Jr., Charleston, S.C. 
J.J. Stukel, U. Illinois 
J.J. Wortman, North Carolina State U. 

J. Abbott, Missouri Energy Program, Jefferson City 
D.E. Abrahamson, University of Minnesota, Minneapolis 
T. Adler, Dartmouth College, Hanover, N.H. 
Alabama Dept. of Energy, Montgomery 
Alaska Division of Energy & Power Development, Anchorage 
T. Alexander, U.S. Dept. of Energy, Washington, D.C. 
J.A. Alloway, City Manager, Dayton, Ohio 
R. Alpaugh, U.S. Dept. of Energy, Washington, D.C. 
A. Anas, Northwestern University, Evanston, Ill. 
J.A. Anderson, Motor Vehicle Manufacturers Assn., Washington, D.C. 
Arkansas State Energy Office, Little Rock 
E.D. Arnold, Jr., Virginia Highway and Transportation Research Council, 

Charlottesville 
D. Ashley, Martin and Vorhees Associates, London 
A.C. Askew, Assistant to Governor for Energy, Austin, Texas 
D.R. Atkins, Maryland Dept. of Transportation, BWI Airport 
B. Avila, Highway Users Federation, Washington, D.C. 
M. Babian, General Motors Technical Center, Warren, Mich. 
S. Baden, Alaska Division of Energy & Power Development, Anchorage 
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J. Bain, Transportation Research Board, Washington, D.C. 
N. Balabanian, Syracuse University, N.Y. 
S. Balog, California Division of Transportation Planning, Sacramento 
W.F. Banks, Energy Management & Development, Inc., San Diego, Calif. 
K. Barber, U.S. Dept. of Energy, Washington, D.C. 
W. Barker, North Central Texas Council of Governments, Arlington 
S. Barnett, University of Michigan, Ann Arbor 
J.R. Bauer, The Goodyear Tire & Rubber Co., Akron, Ohio 
A. Baugher, Chicago Dept. of Planning 
F. Beal, Illinois Institute of Natural Resources, Chicago 
S. Beggs, Charles River Associates, Boston 
E. Beimborn, University of Wisconsin-Milwaukee 
M.R. Benham, Chicago Dept. of Planning 
T. Benson, U.S. Dept . of Energy, Washington, D.C. 
R. Berlin, Indiana Policy and Resource Development Division, Indianapolis 
D.A. Berlowitz, Nebraska Energy Office, Lincoln 
D.M. Bertram, Illinois Environmental Protection Agency, Springfield 
S. Berwager, U.S. Dept. of Energy, Washington, D.C. 
O.M. Bevilacqua, Bevilacqua and Associates, Oakland, Calif. 
K. Bhatt, The Urban Institute , Washington, D.C. 
P.J. Biggers, Illinois Dept. of Transportation, Springfield 
A. Bishop, N.Y. State Energy Research Agency, Albany 
W.R. Black, Indiana University, Bloomington 
S.E. Blake, Transportation Research Board, Washington, D.C. 
G.F. Blass, General Motors Technical Center, Warren, Mich. 
P. Blow, U.S. Dept. of Transportation, Washington, D.C. 
J.J. Bodzin, Michigan Energy & Resource Research, Detroit 
D. Boehm, U, S, Dept. of Energy, Washington, D,C. 
D.E. Boyce, University of Illinois, Urbana 
L.B. Bradley, State Energy Office, Olympia, Wash. 
J. Brennand, General Research Corp., Santa Barbara, Calif. 
R. Briceland, U.S. Environmental Protection Agency, Ann Arbor, Mich. 
H. Bridges, U.S . Department of Transportation, Washington, D.C. 
J. Briggs, California Dept. of Transportation, Sacramento 
K.Y. Briscoe, Minnesota Dept. of Transportation, St. Paul 
J.F. Britt , General Motors Technical Center, Warren, Mich. 
D. Brown, General Motors Technical Information Center, Warren, Mich. 
G. Brown, American Motors Corp., Detroit 
P . Brown, U. S . Dept. of Energy, Washington, D.C. 
R.A. Bryson, University of Wisconsin, Madison 
S.J. Buckley, Interstate Commerce Commission, Washington, D.C. 
G. Bullen, University of Pittsburgh 
J.K. Burge, Assistant City Manager, Kansas City, Mo. 
M. Burke, City of Waltham, Mass. 
J.F. Byrnes, Jr., Connecticut Dept. of Transportation, Wethersfield 
T. Cackette, U.S. Env ironmental Protection Agency, Ann Arbor, Mich. 
R. Calhoun, Seattle City Light 
California Energy Commission, Sacramento 
E.W. Campbell, New York State Dept. of Transportation, Albany 
J. Carroll, U.S. Dept . of Transportation, Washington, D.C. 
P.H. Carter, Washington State Dept. of Highways, Olympia 
Center for International Environmental Information, New York 
S.A. Chalabi, Chicago Area Transportation Study 
W.C. Chambers, Mittelhauser Corporation, Downers Grove, Ill. 
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K. Chen, University of Michigan, Ann Arbor 
M. Cheslow, OHR, Inc., Washington, D.C. 
J. Childress, National Alcohol Fuels Commission, Washington, D.C. 
N. Clark, State Dept. of Engineering, Carson City, Nev. 
R. Clifton, Brown University, Providence, R.I. 
H. Close, U.S. Dept. of Transportation, Washington, D.C. 
D.S. Cohen, U.S. Dept. of Transportation, Washington, D.C. 
R.E. Cole, General Motors Corp., Washington, D.C. 
J. Collins, Ford Motor Co., Dearborn, Mich. 
Colorado Dept. of Energy, Denver 
Connecticut Energy Division, Hartford 
G. Cook, University of Virginia, Charlottesville 
R. Cooley, University of California, Santa Cruz 
B. Crawford, Utah State University, Logan 
J.A. Croll, University of Missouri, Columbia 
W. Crowell, Polytechnic Institute of New York, Brooklyn 
K.Y. Cudlipp, National Commission on Air Quality, Washington, D.C . 
G.A. Currie, Williams Brothers Engineering Co., Alexandria, Va. 
K. Cypra, Northwestern Indiana Regional Planning Commission, Highland 
B. Dane!, U.S. Dept. of Transportation, Washington, D.C. 
D. Davis, Lawrence Livermore Laboratory, Livermore, Calif. 
Q. Davis, Indiana State University, Evansville 
D.C. Energy Unit, Washington, D.C. 
J. Dejani, Stanford University, Calif. 
Delaware Energy Office, Dover 
J.S. Demerty, Worcester Polytechnical Institute, Mass. 
Denver Electric Vehicle Council, Golden, Colo. 
D. Depue, West Virginia University, Morgantown 
C. Difiglio, U.S. Dept. of Energy, Washington, D.C. 
K. Diggs, U.S. Dept. of Transportation, Washington, D.C . 
W. Dixon, Eastern Kentucky University, Richmond 
F.J. Dabney, St. Louis University, Mo. 
R. Dobson, Chase Automotive Division, Bala Cynwyd, Pa. 
C. Dougan, Connecticut Dept. of Transportation, Wethersfield 
D. Drake, University of Wisconsin- Milwaukee 
R.L. Drake, College of Engineering, New Orleans, La. 
S. Drescher, General Motors Corp., New York 
R. Dulla, Energy and Environmental Analysis, Inc., Rosslyn, Va . 
O.D. Duncan, University of Arizona, Tucson 
R. Dunham, Penn State University, University Park, Penn. 
P. Durbin, University of Delaware, Newark 
D.C. Durcker, University of Illinois, Urbana 
M. Eaton, Department of Health Sciences, Brooklyn, N.Y. 
W.F. Echelberger, Indiana University at South Bend 
A. Eckhardt, Lehigh University, Bethlehem, Penn. 
J. Edwards, Barton-Aschman Associates, Inc., Minneapolis 
H. Eisner, ORI, Inc., Silver Springs, Md . 
Electric Vehicle Council, New York 
Electric Vehicle News, Westport, Conn. 
H. Engelhardt, University of Texas, Galveston 
E. Epstein, University of Missouri, Rolla 
B. Evans, Sierra Club, Washington, D.C. 
L. Evans, General Motors Research Laboratory, Warren, Mich. 
A. Ewing, U.S. Dept. of Energy, Washington, D.C . 
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J. Fallon, Garrett Corp., Los Angeles 
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