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LETTERS 
Electric Cars and Lead ted by cars running leaded gas introduces 

many uncertainties. Lave et al.'s analysis 
Lester B. Lave et al. (Policy Forum, 19 May, approaches a worst-case scenario for EVs. 
p. 993) recently assessed the overall rate at Undoubtedly, best-case scenarios will be 
which lead waste is generated in the pro- put forward that ignore the complex path- 
duction and use of electric vehicles (EVs). ways and fates of lead wastes. Until a more 
Their analysis assumes that all lead wastes complete assessment of this problem is put 
can be aggregated. They compare this rate forward, it is premature to either brush aside 
of waste generation to the rate of lead waste the issue of lead wastes from EVs or to fore- 
generated by the use of leaded gasoline. cast the death of the EV by lead poisoning. 
This is a highly simplified analysis. A more David Allen 
complete analysis is complicated by many Department of Chemical Engineering, 
factors, such as the following. University of California, 

.The rates of lead emissions to the L o s  Angeks, C A  90095-1592, U S A  
atmosphere in secondary lead smelting, as 
calculated by Lave et al. using standard References 

Environmental Protection Agency (EPA) 1. N. Steele, thesis, University of California, LOS Angeles 
(1 995). emission are overstated' 2. N. Behrnanesh et al., J. Air Waste Manage. Assoc. 

the EPA emission factors indicate that on 42, 437 (I 992). 
the order of 1 % of the lead processed in 3. S. K. Friedlander et a/., Environ. Sci. Technol. 8, 448 

secondary smelters escapes to the atmo- (1 975). 

sphere, for two smelters in Los Angeles 
( I ) ,  these emission rates are high by a Lave et al. incorrectly conclude that EVs are 
factor of approximately 1000. impractical and that their planned develop- 

An analysis more ment may actually result 
favorable to EVs might in increased environ- 
focus onlv on air emis- Getting the lead out mental ~ollution. These 
sions frbm smelters. 

- 

amazing conclusions re- 
While it is tempting to General electric sult from errors of fact 
assume that the lead leav- the Impact (below). An unusual and incorrect assump- 

ing a secondary smelter lumber of letters were received tions regarding current 
about the 19 May Policy Forum and future EVs. Impor- 

as a (lor "Environmental implications of tant factual errors in- 
battery casings) poses lit- cars.w Most criticized 
tle risk if managed prop- lhe thesis of Lave et that clude unreasonably high 
erly, the work of Beh- -these vehicles do not deliver weight and low driving 
manesh et al. (2) suggests he promised environmental range for current lead- 
that the situation is far anefits" and would create acid battery-powered 
more complex. They more lead pollution than would EVs and incorrect esti- 
found that 80% of all comparable cars burning lead- mates of toxic emissions 
lead sent to hazardous ed gasoline. "Amazing," "ab- produced by battery 
waste incinerators in the surd," and "the analysis . . . manufacturing. 
United States comes joes not appropriately support More important, the 
from battery casings from .ts conclusions" were some of authors incorrectly as- 
two secondary smelters. the comments. sume that future EVs 
Some of this lead will 
undoubtedly leave the 
incinerators as air emissions. 

Even the fate of lead emit- 
ted from vehicles running on 
leaded gas is complex. Fried- 
lander and his coworkers (3) 
found that approximately 25% 
of the lead in leaded gas remains 
in the vehicle. Most of the rest 
is emitted as aerosol, and the 
exposure pattern for these emissions will will be powered by lead-acid batteries. Even 
be strongly influenced by the particle size if true, this would result by the year 2000 in 
distribution. only a 2% increase in the number of lead- 

Comparing EV lead wastes to lead emit- acid batteries currently in use. However, this 
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assumption disregards the economic, envi- 
ronmental, and technical significance of the 
new nickel-metal-hydride (NiMH) battery 
technology (1 ). 

A Solectria EV with the roominess of a 
Ford Taurus powered by environmentally safe 
NiMH batteries produced by Ovonic Battery 
Company (Ovonic), a subsidiary of Energy 
Conversion Devices, set a record recently, 
traveling 238 miles on a single charge. The 
recyclable Ovonic NiMH battery can be 
charged to 60% of capacity in 15 minutes, 
lasts the lifetime of the car, provides acceler- 
ation from 0 to 60 miles per hour in less than 
10 seconds, and operates in a temperature 
range of -30°C to 60°C. Fuel costs for 
NiMH-powered EVs are about 20% of those 
for conventional vehicles, and EVs will have 
much lower maintenance costs. The Ovonic 
NiMH EV battery is scheduled for production 
in 1996 by GM Ovonic L.L.C., a joint ven- 
ture between Ovonic and General Motors. 

Robert C. Stempel 
Stanford R. Ovshinsky 

Energy Conwersion Devices, 
1 675 West Maple Road, 
Troy, MI 48084, USA 
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The analysis of Lave et al. does not appro- 
priately support its conclusions. We have 
reviewed the just-released 1995 EPA AP-42 
report for primary lead production ( I  ) (not 
available when Lave et al.'s Policy Forum 
was written). The report states that there 
are no uncontrolled primary lead produc- 
tion facilities in the United States and that 
control efficiencies generally exceed 99%, 
not 90%, as indicated by Lave et al. 

The high releases to the air quoted from 
the EPA Toxic Release Inventory (TRI) 
report (2) apply only to releases from on- 
site disposal at lead production and manu- 
facturing facilities; a much larger quantity 
of lead wastes is transferred for off-site treat- 
ment and disposal. 

O n  the basis of the authors' estimate 
that annual lead production is 1333 gi- 
gagrams, the lead amounts listed in the EPA 
TRI report imply that total lead releases to 
the environment are about 1.8% of produc- 
tion and, of these, about 3.5% are air emis- 
sions. So, overall emissions to air are 
0.063% of total lead ~roduction or 8.2 mil- 
ligrams per kilometer after correcting an 
apparent error in battery density of 38 watt- 
hours per kilogram rather than 18 watt- 
hours per kilogram. 

In addition, human population exposure 
from the 22 milligrams-per-kilometer (pri- 

marily urban) roadside leaded gasoline emis- 
sions could be much greater than those that 
result from (primarily rural) on-site lead 
emissions of 8.2 milligrams per kilometer. 

To conduct a correct comparative assess- 
ment of the environmental impacts of elec- 
tric versus gasoline vehicles requires inclu- 
sion of all the important substances released 
to the environment from each type of ve- 
hicle, not just restricted to lead. 

Clark W. (jeUings 
Stephen C. Peck 

Ekcmc Power Research Institute, 
341 2 HiUview Avenue, 

Palo Alto, CA 94303, USA 
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While it is useful to point out that there are 
environmental consequences of the use of 
EVs, the conclusions reached by Lave et al. 
are overstatements based on obsolete data 
and extremely pessimistic technology as- 
sumptions. At Argonne National Laborato- 
ry, we are completing an emissions exami- 
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nation for a total energy cycle analysis of 
electric and conventional vehicles that is 
part of a larger study being conducted by 
several national laboratories for the U.S. 
Department of Energy. Our findings lead to 
conclusions that are substantially different 
from those reported by Lave et d. 

As a result of their assumptions, Lave et 
d. overestimate the air emissions by a factor 
of from 5 to 50, and the low energy density 
they use for their "available" case implies a 
quantity of lead use that is unreasonably 
high. In fact, lead production for batteries 
may actually result in an order of magnitude 
less emissions than the combustion of leaded 
gasoline. In any case, these emissions would 
cause far less human exposure, as they would 
be remote and away from the urban areas 
where EVs would be used. 

Lave et d. also express the opinion that 
solid waste from lead mining, smelting, and 
recycling will find its way into the water 
supply of major cities and expose large pop- 
ulations to lead. While there are poorer data 
for solid wastes than for air emissions of lead, 
solid lead wastes from mining are essentially 
the same material as that initially present; 
the solid wastes from smelting, which are 
recycled, are primarily oxides and sulfates, 
which are more inert than the lead itself. 

In examining the tradeoffs (including 

health and safety) among technologies, it is 
important to work from the best available 
data before eliminating any options. While 
it is important to take human health con- 
cerns seriouslv. better information is needed , , 
before sensational claims of damage to hu- 
man health are made. 

Linda Gaines 
Michael Wang 

Energy System Division, 
Argonne National Laboratmy, 

Argonne, IL 60439, USA 

We have serious reservations about the ac- 
curacy and completeness of Lave et d.5 
study. Curiously, despite a wealth of recent 
and easily accessible data on current battery 
and electric vehicle performance, the study 
relies on outdated technical data on batter- 
ies and EVs. The study's "available technol- 
ogy" battery is already obsolete, and its 
"goal" technology battery is available now. 
The study assumes a vehicle energy con- 
sumption level three times higher than the 
General Motors Impact and inappropriately 
references the performance of a 15-year-old 
vehicle, the ETV-1. 

The study overstates the potential in- 
crease in lead demand resulting from EVs. 
Realistically, the zero-emissions-vehicle re- 
quirement in California, Massachusetts, and 

New York would result in only a 1% in- 
crease in lead demand in 1998, and there is 
broad consensus that lead-acid batteries will 
only be used to power electric cars in the 
near-term. 

The study also does not point out that 
starter batteries for conventional gasoline- 
powered vehicles are by far the primary 
consumer of lead. Those that are serious 
about minimizing the risks from lead may 
find it ironic that EVs are the key to devel- 
oping a nontoxic substitute for the lead- 
acid battery. 

Roland J. Hwang 
Union of Concerned Scientists, 

2397 Shattuck Avenue, Suite 203, 
Berkeley, CA 94704, USA 

Lave et d .  conclude that a 1998 model 
electric car would release 60 times more 
lead per kilometer than a comparable car 
burning leaded gasoline. This is absurd. For 
example, every motor vehicle in operation 
in the United States today has at least one 
lead-acid battery. Assuming a battery lead 
mass of 11.8 kilograms, battery consump- 
tion of two batteries per vehicle life, and a 
vehicle lifetime of 165,000 kilometers, the 
authors' methodology would result in calcu- 
lated battery lead per life-cycle kilometer of 
0.143 grams per kilometer. This, in turn, 



would lead to the conclusion (again using 
the authors' methodology) that lead "re- 
leases" from a typical, gasoline-fueled auto- 
mobile ~vould be 5.7 lnilligrams per kilome- 
ter because of virgin production of lead, 2.9 
because of recycling production, and 1.4 
because of battery manufacture, for a total 
of 10.0 milligrams per kilometer, or nearly 
one-half the rate of tailpipe lead emissions 
estimated by the authors for gasoline vehi- 
cles fueled with leaded gasoline. The elim- 
ination of leaded gasoline from use in the 
United States only reduced tailpipe lead 
emissions, and not the hypothetical lead 
"releases" associated with lead-acid battery 
use. Consequently, if the authors were cor- 
rect in their analysis, the maximum reduc- 
tions in ambient lead levels resulting from 
the lead phase out could have been no 
greater than about 70%. In fact, long-term 
trends collected by the C a l ~ f o r n ~ a  Air Re- 
sources Board show reductions in ambient 
lead levels of well over 95% throughout 
California over the last 20 years ( 1 ,  figure 
6) ,  demonstrating that the authors' esti- 
mates of lead "releases" from lead-acid bat- 
tery use are substant~ally overstated. 

Gary Rubenstein 
Thomas C .  Austin 

Slerra Research, 1801 J Street, 
Sacramento, C A  95814, U S A  
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The environmental hazard represented by 
half a ton of lead In each electric car soon 
to arrive at U.S. automobile showrooms 
merits creative attention. Lave et al. miss an 
opportunity to embed this small system of 
range-and-power batteries within the much 
larger system of more than 100 million lead- 
acid ignition batteries today found within 
cars with internal combustion engines. It 
would he desirable for the automobile in- 
dustry to colnlnit itself to steadily reducing 
the combined environmental hazard, by 
parallel investments in both systems. 

It should be possible to secure agreement 
from all interested parties in favor of such a 
"cap" on  the lead hazard from commerce in 
lead-acid batteries. Industry, government, 
and environmental-interest groups should 
all agree that a well-designed cap addresses 
population-averaged exposure rather than 
emissions and takes into account emissions 
to all media (air, water, and soils). There is 
an evident need to expand the monitoring 
of lead emissions from primary and second- 
ary battery production facilities and to cre- 
ate cost curves for emissions reduction. 

Robert H .  Socolow 
Center for Energy and 

Environmental Studies, and 
Department of Mechanical and 

Aerospace Engineering, 

Princeton LJniuersity , 
Princeton, NJ 08544-5263, L J S A  

E-mail: socolou~@pucc.prince ton.edu 

Lave et al. argue that the use of EVs greatly 
increases lead emissions and, for that reason 
alone, "do not deliver the promised envlron- 
mental benefits." First. the authors relv on 
archival data on lead usage and elniss'ions 
and on  precommercial technology (much of 
it from the 1980s) to specify battery and EV 
attributes. Imagine extrapolating emissions, 
energy use, and perforinance of gasoline cars 
from pre-Model T vintages. The authors' 
conservative approach to technological in- 
novation with EVs is especially jarring given 
their exaggerated praise for "pollution con- 
trols [that] have lowered emissions from a 
controlled [gasoline] car by 98%" (actually, 
75 to 90%). 

Second, their focus on lead-acid batter- 
ies for EVs is misleading because the n u n -  
ber of lead-acid batteries in EVs will nrob- 
ably never approach the number now used 
in gasoline cars. In most EVs (except per- 
haps very small "neighborhood" cars), lead- 
acid batteries will soon be superseded by 
more advanced batteries and other electric- 
ity storage and conversion devices (for ex- 
ample, ultracapacitors, flywheels, fuel cells, 
and hybridized powertrain designs). If they 
are not, EVs will never account for much. If 
the authors' concern is lead emissions, they 
should have focused on  lead-acid battery 
use in gasoline cars, not EVs. 

Third, the authors implicitly conclude, 
wrongly I would argue, that the presumed 
increase in lead emissions ~vould outweigh " 

other environmental benefits. Switching 
from internal combustion engines to electric 
drive creates the potential for vast energy 
and environmental improvements-reduc- 
tions in greenhouse gas and air pollutant 
ernissions, eliminated spills from storage 
tanks and tankers, no oil imports-improve- 
ments that swamp what is possible with any 
other behavioral or technological strategy. 

It is always easv to  find fault with new 
technologies. The question is not whether 
today's precomlnercial EVs do or don't iin- 
prove the environment, but whether they 
can or ~ ~ ~ o u l d .  

Daniel SperEing 
Di~ector , Institute of Transportation Studies, 

Lrniversity of California, 
Davis, C A  956 16, LISA 

Response: Reaction to our Policy Forum has 
been astonishing in terms of the level of 
attention, venom, and desire to defend EVs. 
Before getting to the details, we emphasize 
four points: 

Environmental probleins are coinpli- 
cated; the obvious solutions often turn out 
to be much less beneficial than first appear- 
ances suggest. The life-cycle impacts of 

products and processes should be analyzed. 
We used the best data available, al- 

though the data are less than definitive. 
Consequently, we used a wide range of data. 
For environmental discharges, data on  in- 
dividual facilities are not substitutes for sys- 
tematic life-cycle and nlass balance data. 

We examined technologies available 
for 1998 vehicles, not proposed or hoped- 
for technologies. 

We examined total environmental dis- 
charges of lead, lnot just air emissions. Dis- 
missing nonair discharges is inappropriate 
(1 ). Lead in water can expose people direct- 
ly; lead in solid waste migrates gradually 
through weathering, leaving a legacy for 
future generations. 

Allen suggests we produced a worst-case 
scenario. Actually, we omitted sources. Five 
to 7% of lead-acid batteries are not recy- 
cled; a similar fraction for EV batteries 
would more than double our estinlated loss- 
es. Incineration of batterv cases with result- 
ant air ernissions is also not in our calcula- 
tions. The performance of the best facility 
in the industry says little about the average 
facility. Enclosing a facility can reduce air 
emissions, but the result mav be toxic doses 
to workers. We agree that tracing discharges 
from their environnlelltal fate and transport 
to human exnosure is comnlicated. 

Stempel and 0~ shinsky extol the11 prod- 
uct. AT erage dm els' experience ~vould fall 
far short of the 238-mile EV wolld record 
range. Accelerating "from 0 to 60 miles per 
hour in less than 10 seconds" is incompati- 
ble with going 238 miles on one charge. The 
battery may operate at -30°C, but how 
much range and acceleration are available at 
that temperature? EV fuel costs are compa- 
rable to. not one-fifth of. a gasoline vehicle. , L 

Stelilpel and Ovshinsky do not discuss the 
environmental impacts of producing and re- 
cycling their batteries; nickel is carcinogenic 
and spent nickel-metal-hydride batteries are 
hazardous waste in California. 

Gellings and Peck disregard nonair en- 
vironinental discharges. We agree that most 
lead waste is trallsferred off site; that does 
not mean it disappears. Allen reinarks that 
batterv cases transferred off site are burned 
with s;~bstantial lead emissions. EPA's new 
AP-42 is consistent ~v i th  our estimates of 
total environnlental discharges. Gellings 
and Peck estimate that 8.2 milligrams per 
kilometer of lead goes to air: this is more " 
than one-third of the lead emissions from 
burning leaded gasoline. In view of the 
health problems associated with leaded gas- 
oline, this level is unacceptable. Finally, we 
agree that EVs should be co~npared to gas- 
oline-powered vehicles. 

W e  look forward to reading the study by 
Gaines and Wang when it is coinpleted and 
has passed peer review. Lead ore IS mined at 
great depths, away froin the water table. In 

SCIEKCE VOL. 269 ,I1 AUGUST 1995 



contrast, smelter waste is often exposed to 
weathering. 

Gellings and Peck, Gaines and Wang, 
and Hwang complain about our range of 
battery energy densities. However, the low 
end of our battery technology range can 
be purchased in auto supply stores; the 
upper end of the range is not yet available. 
Is it "unreasonable" to use the low-end 
battery in an EV? Perhaps. What battery 
energy density-vehicle range makes an EV 
attractive? 

Hwang also asserts our vehicle energy 
efficiency is too low. However, the GM 
Impact, under ideal conditions, is not in- 
dicative of the range of 1998 vehicles 
(including light trucks and minivans) in 
actual driving conditions. We agree with 
Hwang that current lead-acid batteries are 
the major use of lead and the major con- 
tributor to lead in the environment. 

Rubinstein and Austin assert our esti- 
mates are "absurd." However, contrary to 
their assumption, virgin lead is not recycled 
before being made into batteries. Thus, in- 
stead of 10 milligrams per kilometer of lead 
being discharged, they should have calcu- 
lated that 7.1 milligrams per kilometer is 
discharged for virgin lead and 4.3 milli- 
grams per kilometer for recycled lead. As 
roughly two-thirds of lead is recycled, dis- 

charges are 5 milligrams per kilometer, of 
which 17% is emitted into air: 0.9 milli- 
grams per kilometer. As leaded gasoline 
resulted in roughly 22 milligrams per kilo- 
meter of air emissions, the correct figure is 
4% of air emissions. Lead in solid waste 
migrates slowly, contributing little to cur- 
rent air emissions. Contrary to their conclu- 
sion, the data are consistent with a 96% 
decrease in lead air emissions. 

Socolow seeks a middle ground. If cur- - 
rent lead discharges are not acceptable, set- 
ting a cap at this level is not acceptable. 

Sperling and others suggest that forcing 
the introduction of EVs in 1998 will push 
the technology and quickly lead to satis- 
factory vehicles. Technology forcing has 
worked in some cases (for example, vinyl 
chloride monomer) and not worked well 
in others (for example, passive automobile 
seat belts). New technologies should not 
be embraced without svstematic economic 
and environmental analysis; see (2,  3) for 
recent EV studies. The 1998 mandate 
means that automobile and battery manu- 
facturers must spend hundreds of millions 
of dollars on current battery technology: 
lead-acid, nickel-cadmium, and nickel- 
metal-hydride. These batteries would re- 
quire up to 1000 pounds of toxic metals in 
each EV. Heroic efforts would be required 

to smelt and recycle these metals without 
significant environmental discharges. Forc- 
ing lead-acid or other available technolo- 
gy (and the associated recharging infra- 
structure) is not attractive compared to 
pushing advanced technologies such as 
fuel cells. Research and development 
should focus on promising technologies 
that do not require the processing of large 
quantities of toxic materials. 

Lester B. Lave 
Chris T. Hendrickson 

Francis Clay McMichael 
Carnegie Mellon University, 
Pittsburgh, PA 15213, USA 
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Corrections and Clarifications 

In the Research News article "Controversy: Is 
KS really caused by new herpesvirus?" by Jon 
Cohen (30 June, p. 1847), the quote from 
Susan Krown of the Memorial Sloan Kettering 
Cancer Center was incorrect. The quote 
should have read, "I think we all need to be 
treatment activists to move the field forward." 
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