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S5 Introduction

The genesis of the federal electric vehicle (EV) program is Public Law
94-413 (Electric and Hybrid Vehicle (EHV) Research, Development and Demonstra-
tion Act) passed by Congress in 1976 and later amended by P.L. 95-238 in 1978.
Initial funding is $160 million for the first five years. As implemented by
the Department of Energy (DOE) through its Transportation Program Office/EHV
Division, the program contains three major elements: 1) research and develop-
ment of batteries and propulsion systems to improve EV performance (creating a
technology push), 2) demonstrations programs to display EV's capabilities
(inducing a market pull), and 3) economic incentives to stimulate EV commer-
cialization.

Argonne National Laboratory (ANL) is the Field Project Management Office
for DOE's Near-Term Battery Research and Development Program. The ANL Near-
Term Battery Project, initiated early in 1978 with current annual expenditures
of about ten million dollars, is expected to produce batteries suitable for
electric véhicle commercialization in 1986. DOE has established that a vehicle
range of 100 miles in stop and go driving for a commuter car (50 miles for
electric vans) is necessary for achieving the commercialization goal. State-of-
the—art vehicles such as the DOE/ETV-1l, designed and fabricated by General Electric/
Chrysler (1) as shown in Figure 1, will more easily exceed this range when
improvedAnear—term batteries become availablé. Three near—term battery candi-
dates receiving major developmental emphasis are improved lead-acid, nickel/
iron and nickel/zinc systems. Thus, this paper discusses the programmatic-develop—
ment goals, the developers' approaches to achieve the goals, and the status of the

three near-term battery technologies.
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»II.: Departmentbof Energy (DOE) /Argonne National Laboratory (ANL) Program

The strategy of.the federal battery R&D progran is to explore promising
.technical'approaches which haye.a clear pdtential for meeting the DOE near-
term battery applications requirements (2).' The ANL program is 1ndustry—based
‘uslng cost—-sharing contracts'w1th prlvate battery developers. These 1ndustry—l
based efforts are supplemented by 1ndependent battery characterization testiné at
' Argonne's- Nat10na1 Battery Test Laboratory (NBTL) (3) and by addltlonal support—
ing research efforts at Argonne, in unlver81t1es, and at other research—orlented |
organizations. The central thrust of the battery R&D contracts is the design:
and fabrlcatlon of’ full-sized cells and modules which are sultable for the
electric vehicle mission and can be commercialized by:l§86. Cells/modules resultlng
from the contracts are placed under - characterlzatlon testlng by the respectlve con—'
tractors and in NBTL, used in prototype batteries for engineering and system test-
Ving simulatlons, andiplaced in_engineering demonstrations in electric vyehicles in-
. order to obtain needed field operatrng data. | |

ThelDOE/ANL Near-Term Battery Project covers a wide'rangeiof.technical approaches
to battery development at present (4). Details of,the present‘industry;based con4
' tracts are shown in Table I, where the total contract values glven 1nclude the |
'1nd1v1dual contractors' cost—sharlng. Dur;ng FY 1981, ANL will perform a Selection
of-contractors within each system in order to focus resonrces more_caretully onto
.the most oromising technologies. Later, during fY'l§82, sYétemlselection amongln
lead—acid, nickel/iron and nickel/zinc systens will be made to choose the most
SuitableAtechnologiesbfor coﬁmercialization.-A
| .In order to.nrovide focos to'the R&D work, a set of development goals
specific to each system nere established in l977 and were incorporated into the

contract with each developer. These goals have proven to be useful as ultimate




TABLE I

DOE/ANL INDUSTRIAL CONTRACTORS FOR NEAR-TERM BATTERY R&D PROJECT

: ' , ‘ Contract Contract

Battery Contractors ' " Period - Value,3$
Lead-Acid * - Eltra Corporation 04/78-05/81 2,576,969
ESB Technology Co. v. | _ ,: 02/78-01/82 | 3,385,544
o Globe-Unfon, Inc. © 03/78-04/81 3,042,783
Nickel/Iron Eag]e-Pfcher Ind., Inc. » 03/78-02/81 - {é,074,725
| Wesiinghouse Electric ) 12/77;1i/so "’ 2,005,306

quporation ' : | B o

Nickel/Zinc _ ESB Technology Co. 04/79-03/82 - 1,096,634
| | Energy Research Corp. .  03.78-02/81 3,105,764
Gould Inc. . 01/78-09/80 5,736,121

Yardney. Electric Corp.  07/77-05/79°- 1,000,000

aInc’]udes'contractors' sharé :
bContract terminated by mutual agreement in May 1979
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performénce targets, but it ﬁas become_iﬁcreaéingly neceéséry to form intermediafe
- performance projectiohs (5) for each systemAin order thaﬁ battery technolégy'pro~
gressucaﬁ be more feadily measured, and to allow nee&ed éystem'intégration studies
‘to be performéd. TheAexisﬁing goals; éhown in Table II, are currently beiné re~
vised in order'té more accufately refiéct the>fece5t DOE EV miSSion'(iOO miles
:urbanlrange for a commuter car). fhe réalignment of goals is likely:to rééult '
in the lowering of.targegs fo; speéific‘énergy‘(to abdu£ 50-60 Wﬁ/kg) ana
speégfié power (goiabdut lOO'W[kg)>while maintainiﬁg maximuﬁ possible emphasés.on‘
battery cost and lifetime.

" III. Technical Approaches to Battery.Devélopment

A. Lead-Acid égproéchesf

" In the 1e§d¥acid EV battery p:ograﬁ, there are two separaté, but
'concurrent; efforts, namely the improﬁed4sfate—of—the*art (IS0A) battery and the
advanced lead-acid battery.v The.lead—ééid-research and deVel§pment,projectsvare
conducted b§ ESB Technology Co. (Yardley, PA) (6), Globe—UnionJInc. tMilQaukee, WI)'
(7)., and Eltra Corporation (Plymouth.Meeting) PA) (8). Each contractor is pﬁrsuingA-
unidue'technical approgches. |

ESB's approéch to the ISOA program is based upon modificaﬁions_éf their 
commeréiallyuévailabie EV4106 battery. Factorial experiments héﬁe beenncarried opt
- to oﬁtimize tﬁe key deéign parameters (9)¢ four variables for fhe positive plate
comﬁésition, two typés‘of separatof materials, qu ﬁalues for the eiectrol&te con-—
centration and two forms of cell-constructionz(putside pdsitive and outsidé negative)
were chosen. 1In order to evaluate the 32 differéht variable combinations, ;96 three—

cell modules were constructed and life-cycle tested.




T Table 11

" ELECTRIC VEHICLE BATTERY DEVELOPMENT GOALS

- 'Lead-Acid ©Nickeél/Iron . - Nickel/Zinc

— 1981 1984 . 1981 1984 . 1981 1984
Specffichnergya (Wh/kg) ‘ - 42 - 55 - 54 70 '; _ 64 85
specific Power” (W/kg) 105 .Téo:' 110 0 10 180
Cycle Life® G400 1000 300 © 2000 - 200 - 80 -
OEM Priced ($/Kkun) - 0 - 0 ’A"ﬂ - 70

4at €/3 discharge rate
P30 second average at 50% state-of-charge
Cyc1ed at 80% depth-of-discharge

dat a production Tevel of 100,000 un1ts (25Kwh)/year
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ESB has identified several combinations thcb exhibit energy densities
greater than 40 Wh/kg which is the goal for the ISOA battery. However, the
cycle 1ive54of’the§e modules are_less'thao deaired. For incréasing cycle life
of_ the battery, ESB started,anotber series of factonial.experiments by'using _

'tubular p031t1ve PlatES-> Thls series of experiments consists of 96 3-cell

'modu1es and their cycle life appears to be good and the mOdhLeS are Stlll

.on‘testing.

’ ey SN

For advanced batteriéa, ESB has adopted two approaches:- one u$e§?bipdlar-
construction to increase the acti&e matetial.utilization.ﬁhile tbe second_redﬁceg grid.
'_welght by u31ng plastic comp051te grids. for the bipolar oonstruCtion titanium
.biplate was useo ESB had allowed one year's time for testing the feasibility of '

the bipoiar'concept. Duriog the period, they had made considerable progress in
findiog suitable means to construct the bipolar call. However, their‘final
analysis, considering factors sucb.as substantially bigber hatetial oost, undeter-
mined cyclellife and low enatgy density (about ZOVm/kg); haa reachoo the concluaion
that it Would not be profitable to continue the bipolar effort. Alternatively,
ESB's development of plastic'composite grids.looks promising.“The.negative grid
weight has been reduced by 507 withoot compromising cycle.life capability; oegative
platés incorporating plaétic composite grids haye-aohieved over4500 cycles Without
failure. . - | |

ESB has also subconttacted a'computer'modelingvatudy of grid dasign to_ '
Battelle'Memorial Inatitute, Columbua, tho,‘:The,Stody investigatédvvoltage drop
at the cooduct lug anotcurrent distribution over the piata in a cell., It is
baliéved that a more uniform current density distribution Qill result-in better
active material utilization and tbereby'yeild 1ongar life for the battery. 'Lower

voltage drops provide better energy and power densities when considered in. conjunc-
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tion with better.active‘matefial utilization.‘ Two grid designs have emerged
from this study, i.e., an orthogonal and a radial 6oncept. Battelle'§ conclusions
are that, (1) cell voltage loss can be lowered by at leastl50—80 mV and (2) the
current density variability will be halved.
. Clobe—Uﬁioq's approach has cohcentratedvon the siﬁultaneoué optimization
‘of cell design, material scréening and'manufacturing processes. Aﬁqng'the,cell_
'designvoptimizafibﬁ, such as size and npmber qf piates, acid concentration. -etc:,
‘Globe's uﬁique feature iS;é pump sysfem ~-- attached to the module for intra-
cellular electrolyte'circulétion. They Believe that tﬂe circulation will increése
and'energy densit& as well éé cycie iifé‘of theAbéttery.b During the_periédlof
dévelopment, Globe haé identified low corrosiqn allo& for grid matérial and con-
'ditions of manufacturing process which.give‘lqngerAcyéle life (10). _5'
IR RS = © 4 T
For the advanced.battery, Globe relies.on further'optimizéfion'of_designA
and inactive material weight reduction. __A 1ead—plastic4composite;grid@
has been deveioped and abmethod for iﬁs manufacture has.been established;_
In addition, a cpnsiderable émount of effort has been exéendedvin expaﬁder research
for the ﬁégative eiectrode. In ﬁhe expander fesearcﬁ,'Globe has.quaﬁtify‘twp indices,

"cycle 1life index", to correlate the effect of lignosulfonétes

"high\réte index" and
on the negative electrode._vThey usé microeleétfode fér;the study, wﬁich can
produce many cycle life data in a short periéd of time. <They have found that
1distinct molecular weight fractions of the lignosulfonate specifically influeﬁce
- the initial‘capacify and maintenance of capacity during cycling of the negative

electrdde. The data obtained from the microelectrode correlate well with that -

obtained from the full-size electrode in an actual battery (11).
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Eltra'e approach is based qpon an expaﬁded metal process (12) for the
'fabrication of BothApositive and negative grid§{  beCa—Sn.alloyA(O.OBZ Ca) is
.used as the base metal, . = _ Lead—caleium'alloys heve lowef self—discharge ratee
sand.less grid corrosion than conventional antimonial alloys. In addition, calcium
>alloys have the advantage of 1ow’weteriless‘and'the absence of:poieoeous gassesesucﬁ
as stibine and aijne'during charging. Elt;a has optimized the grid thickness.for
botﬁ the pqsitive and neégative electrodes using'l.280 sp. gr. splfuric acid as -
- the eleetrolyte and.experiﬁenting with a eﬁmber of separatofs such es PVC,-fubber,
microporous pelyethylene and non—woven polYpropylene.. Elera has installed a pilot;'
_>1ine‘facility for producing ehe expanded mefal gries and for manufacturing>EV and
SLI eatteries ae the P;eetolite Divieion ie Toledo,:Ohio} The>pilot—line is opera=
tionel at this time (13). | |

For the advanced battery, Eltra has. investigated processing paraﬁeters
that will lead to increased energy deneity aed cycle life. A proprietery:additive.-
has been adeed eo the electrolyte which.redeces shedding of positive active matefial.
The use of preformed teerabasiC'leae su;fate in‘the posiﬁive plate'is‘eisolekpected
to produce a longer cycle life battery‘(l4)- |

B. ~'Nickel/Iron Approaches

The nickel/iron research_andide?elopment prqjects are‘coedﬁcted By' '
Westinghouse (15) (Pittsburgh, PA) and at Eagle—Picher Industries (16) (Joplin, MO).v
Iﬁ additioe, Eagle-Picher has subcontracted specific iron eiectrode and seéarator
- work toAthe Swedish National.Development Companyt. The two eevelopers have common
performance goals, but offer different approaehes to the technical problems.

Westinghouse is emphasizing development of a battery which_has.adequate
performance and a low initial coet (17). ‘However, this development willrnot com-

promise the promise of long cycle lives inherent in nickel/iron battery electro-
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chemistry. Wes;inghouse ﬂas sinteréd steel wool current céllectors for both the.
pésitiﬁe nickel and negative ironlelectrodes. The pqsitive electrode steel Qool
is nickel piéted in order to évqid undesirablé irreversible si&evreactions withih
the cell. The nickel hydroxide active materialbngimpregnated into the positive
éiectrodé»by.eitﬁer'of two processes which are under pérallel'develoéhent —
electrochemical or pasted. Electrochémical imp:égnétion, also called electro-
precipitation, isi#ﬁ a more refined étace_ofbdévelopmen;'ét tﬁis time. During -
'thé current project; Westinghouse ﬁas improvedthe perfofﬁancé of the electro-
chemically preparedlpoéitives‘By 107 and has reduced the manufacturing costs aé
. wéll._‘Since:the niékel positive is'generaily‘tbelperformance and cost iimiting.
component in nickel/iroﬁvbatteries at pormél témperaﬁures, these.impréveménts‘
t;anslate directly into product improvemeﬁts,' However,‘the pastgd pogitive
electrode process offers gvén pdtenfially 1ower'pr6duction costs.. Iron ﬁegative
electrodes are.p;epared at'Westinghouse by pressing_an‘iroﬁ.okidé paste into the
prepared steel wool substraté followed by ;intering_ at a highef tempérétufe
in a reducing atmosphere. |

In additibn; Westinghquse has desighed.an active gas and electrolyte’
management sy;tem (18) for their battery tﬁat controls and minimizés‘the safety
hazard associated with hyd:ogen ‘gas generated during chérging. This system, thqﬁ
features circulatiﬁg electrolyte, can be either installed with the bat;efy on-board
'thé vehicle, or made a part of the baptéry‘charger, depending on the particulér>
characteriétiés and mission.of the‘vehicle. On-board électrélyte circulation offe;s
the poten;ial for active battery cooling during diécharge, if éﬁ associated heat
exchanger for electrolyte cooling is also inst#lled.

Tﬁe Eaglé-Picher nickel/iron battery features a high performance approach
using a proprietary nickel pésitive electrode and iron negative electrodes from thg

Swedish National Development Company (19). The Eaglé-Picher positive electrode is
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electrochemically impregnated using a powder metallurgicélly prepared poroﬁs:
sintergd nickel_plaque, Conventional plaqug fabrication relies upon a continuous’
wet slurry method that is 1imitgd to plaques which are less than 1 ﬁm thiék. ABﬁt,
the particular characteristics of the electric vehicle applicatioﬁ deménd electrodes
which #re 2-3 fimes this thitkness; Eagie—?icher has éoncentrate& oﬁ developing
‘eleCtrodes which are this thick, can be eéonomiqélly produced, aﬁd have uniform,
high'perfdrmance. Thé Swédish National'iron eiecﬁrodé consists oan'sintered_v'

iron pIaque. This plaque is.manufactured using‘iron p§wder, and ;étive materiél
impregnation.can be acéomplished simultaneously Vith plaque’préparafioﬁ; Iron
electrodes developed during this project have aéhievedA9OZ of the<p:ogram-goal of

1 Ah/cc at room témpefature. Swedisthatibn#l has.defined the iron negative .
electrode as being the key element needing development to improve thellow
_temperature pefformancé of the nickél/iron baﬁtery. Also, tiace'elemen;s_in the
irqn electrode have been identified which significantly affect ﬁerforman;e.
Historicaliy, a trace amount of sulfide ien ﬁas béen found'fo have beneficial effecfs;
Swedish National has also defined a ribbed, sintered PVC seﬁarator which is suitable
for nickel/iron batteries. The Eagle-Picher nickel/iron system ﬁas a noticeably 
improved energy efficiéncyl—- 67Zivs. a.more'typica1:502 -- in recent tests. This

improvement is attributed to the iron electrode being used.

C. ~'Nickel/Zinc Approaches
The four contraétors,who have.éérformed rgsearch and development on Ni/Zn
batteries are Gould (Rolling Meédowé, 11) (20), Energy Researcthorp; (Dénbury,j.
~CT) (21), Yardmey Elecfric Corp. (Pawcatuck, CT)»(22), and ESB fechnology Co.
CYardléy; PA). All contraétors have attempted to réduqe battery life—cycle
costs (i.e., the amortized battery cost plqs cost of operation during lifetime)
while maintaining or improving performance, But_each.hgs taken different approaches

to achieve that end.
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Gould (23) ‘is developing improved separator systems to extend cycle

,life. 'Both microporous as well as membrane—type separators have been investif
- gated. lMiCrOporous separators, such as Celgard (polyproPylene):and inorganic/
‘organic composites, have been deeemphasized because they are susceptible to
accumulation of zinc within the pores of the'separator, 1eading to-cell‘failure-‘
Gould has developed membrane—type separators based upon cross- llnked polymeric
4f11ms, which are zinc—free, stable in KOH, have low ionic reslstivity, and arep'fn-‘
capable of low-cost productlon. In additlon, a new synthetic wicker material_'
‘ has'been utilized as an interseparator.‘ A nnter of proprietary.additives? bOth:ff
to the zinc electrode andito the electrolyte, have.also been investigatédffor |
extending cycle life. The role ofithe additives is.tovalter the.characteristics'
of zinc dissolution and deposition in such a way as to suppress dendrite formation
and shape change in the zinc electrode. Small (5 Ah) cells with such. additlves
have operated for 250 deep cycles,»whereas control cells containing no additiVes
only operated for 60vcvc1es. In the_area.of thermal.management; Gould‘has e‘A
developed a nodel (24) tnat accurately:portrays‘heat generation'and'rejection A
rates during actual battery operation, vThis had led to the redesign of cells
from a capacity of 400 to‘225 Ah;(thinner cell) andAa redesign of-modules to
'Ainclude.cooling_channels between cells in order to provide betterrthermal control.‘
Gould believesithat the devélbpment of advanced fabrication techniques for sintered
nickel electrodes, coupled with their superior performance, will reduce ﬁthlifeT‘
cycle costs sufficiently to make the sintered electrode as economically attractive
as tnebnon—sintered plastic-bonded nickel electrode.

: fEnergy Research Corporation (ERC) is emphasizing the developmentlof a
Nilzn battery with a low initial cost-(25). Efforts are focused on the nickel

electrode, which is the most expensive component in the battery. ' The technical
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approach is based onn tﬁe de&elopmént of a low-cost, plastic—Bonded electrbde
fabricated from.éhemicglly precipitaﬁed nickel hydroxider _This electrode cdn—'
tains about 307% graphite as a conductive dilﬁent in place of the conventional
éintered nickel-powder plaque. The cost of thé plaétic—bondéd electrode'is
préjected to be half that of a comparable sihtered niékél élgctrode.— fo aéhieve‘
“longer lifétimes in gheir Ni/Zn cells, ERC is ihvesﬁigating castffilﬁ.seb;ratotsb(26)u
Two'separator materials, ;réés—linked polyvinyl alcohol and a thermop;éstic—baséd
. cqmﬁésite,,have been.deQeloped'wifh low ionic résistivities an& are cﬁirently .
uﬁdefgoing‘life—cycle evalﬁation in 20 Ah teﬁt cells. Aq additional apbroéch :
to achieve the same objective is through additives to the zinc eleétrode to
reduce shape change: "The-devélopment of éealedvcells is also being ﬁursuedtby'
ERC as aAmeans to reduce or eliminate ﬁaintenanceA(addition of water) gnd possiblyl
to ektend life. To keep'hydﬁogen ané oxygen pressﬁres iow in sealed cells,
.auxiliary electrodés or pockgt catalysfs are being gmployed to prqmﬁte iecombination
of these t&q gases. - Early results are favofable, bgt much additional work Willi
be required befére cell capacities, which have been found to'be4limitéd dﬁring.
.éﬁarge by gas pressure build-up, are equal to those of standard vented cells.

ESE ié pursuing a unique cell design approach 5ased'upoﬁ vibfatiﬁgu
zinc electrodes (23, 28). When thé zinc electrode is &ibrafedgdqriﬁg charging, the
lifetime limiting problems of zinc dendrite formation and eléptrode Shape change are
 surmounted. since vibfation 1§ required only during cﬁarging, most of the added
weight required for vibration could be incorporated intb an off~vehiéle charger. ‘f f
The vibrating zinc electrode'also resglt in high utilizaﬁion of negative active
.maferiél. Consequently, much less zinc is required. Thus, the rativof'negativef
to-positive theoretical capacity is only 1.2 for the vibré#ing anode gell, compared

to a ratio of 2 to 4 for conventional Ni/Zn cells..
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The emﬁhgsis of the present work at ESB is:to.increase the gravimetric
and volgﬁetric sﬁecific energy of.the system,'while retaiﬁing the long cycle-life
éapability. To this-ena, the following'design changes are being’ekamined iﬁ Ni/Zﬁ’
‘éells: higher specific cgpacityAnickel electrodes, thinner ziné eléctrodes, anaA
'smalle;‘iptér—electrode spacing. The nickel‘électrodelimprovements'consist of
replacing the pocket-type electrode (75-90 Ah/kg):usedAin the’past.By a.éuitable
high capacity electrode (110-140 Ah/kgj. Severgliﬁypes afebbéing éValﬁated, )
including électfoéhemically-imp;egnated sintered nickel (Matsushité), pasted
metal wool (D.A.U;é. Mercedesi;fand 1ayered°nickel'fbil (INCO's:CMGJeieétrodej,1 l
The plgstic—boneded nickel electrode of ESB‘was fouﬁd to ﬁave excessive'swéliing
©. in the uﬁréétrained structure inherent in the viﬁrating anodé cell and was there-
fore removed froﬁ consideration. - A réduétion'inAthicknéss of fhé zinc-électrode:
at constant capacity per plate has been madé possible as a reéulf»of specidl -
}charging techniques that create muéh‘denserlzinc deﬁdsiﬁs on tﬁe.negafive sub—- .
strate wiﬁhout thé'loss of high-rate dischargeycapﬁbility. »Iﬁ addition, the
denser zinc deposits are moré adherent; as a resulf, slumping of active material‘.:
from the vibrating electrode:has been largely eliminated-i Sfudiesﬂare,undérway .
to evaluate the effect of inter-electrode sp#qing‘ana to determine its optimall.
value. A reauctiohiin spacing ﬁrom the 2,5 mm used in previdus‘cellé'to i.S ﬁm
.if feasible, would,reéuit in a 20% improvement in §olumetric'epgrgy, cbﬁcoﬁitant :
with. a yet to be determined incre;se in specific energy; Oﬁher studieSAAre
. aimed at selecting a neg#tive electrode substrate material that will rédﬁce the
presenﬁ seif;discharge rate of 8% loss in cépacity on a five—day.éhArged staﬁd.‘

The Ni/Zn battery R&D contract with Yardney'(zz)_waé tefminated by
mutuél agreement on May 31, 1979 at-the end of Phase I of their development
. program because Yafdney decided the business risk was too gfegt to continﬁe

further cost-sharing with DOE. The Phase I program had focused on reducing thg A
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“initial baﬁtery cost and improving component lifetime. Early in the p}ogrem,

a failure-modes analysis established that the negative electrode was reeponSibie
for capacity degradation during cycling. The use of additives and binder in the
“zinc elect;ode, imprbvements in the seperetdr system, and an alternatine charging
technique were émployed to.mitigete this problem. Snbseqnent'attemnts to increase
cell life emphasized eombining the étrengthsof bofn diffusive and mie:oporous—'
'tyne separator materials. 'initial'efforts to reduce cost dealt.primarily with the
development of a plastic—bonded‘niékel electrodeQ However, ﬁhe poor performence._

.(reduced capaciey at high discharge rates and low volnnetrie energy density.perv
plaee) }ed eo the abandonment df this-approaeh in favor of the sintered electrode;
Ihe cost of ehe sintered elecfnode was.reduced by fabricating a thicker,'more
porous plaque as well as streamlining the manufacturing process.. Collectively,
these steps rednced the amount of nickel, labor, and proéessinglrequifed for

this electrode (29).

IV. Technical Status

| The lead-acid, nickel/iron and.nickel/zinc batteries under development by

" ANL conerectors are described in Table III and.shown in Eignres 2 thrqugh.g, The
.presenﬁ characteristics shown reflect the statue of the fecnnology in 1979, while
the future~numbers.shoWn represent enpeeted<results in 1984. As Such;'the ‘

. present technoldgy is.an.interim baseline deeign, wnich is being bnilt-and
tested‘in order to resolve outstanding technicalvproblene and to demonstrate sychm;'
capabilities. Since_ménygdesigns are not; and wili not be, difect‘physical |
replacements for tne baseline EV-106 lead-acid batfery falso shown in Table III
. for referénce],.careful vehicle.inpegretion nill be needed to eneure_achievement

of the performance benefits offered by these batteries.




Battery Type and
Manufacturer

Baseline Lead-Acid:

~ ESB EV-106
Improved Lead-Acid
ESB
Eltra
Globe-Union
Nickel/Iron
Westinghouse - Present
Future
EPI - Present
Future
Nickel/Zinc :
-+ ERC - - Present
' Future
Gould - Present
Future
ESB - Present
| Future
Yardney

]Inc1udes Terminals

CTABEE 11T

CHARACTERISTICS OF MODULES UNDER DEVELOPMENT IN THE -

NEAR-TERM ELECTRIC VEHICLE BATTERY PROJECT

Weight -

(kg)

29.6

28.4
27.6
72.

()]

27.
25.

o 0 O »n

. Dimensions
LxWxH!
: fcm} :
26.2‘x 18.3 x 28.5
. 26.2 x 18.0 x 28.6
26.0 x 18.0 x 27.4
33.0 x 38.1 x 29.5
. 23.5 x 17.8 x 29.9
26.1 x 18.1 x 28.6
35.6 x 18.4 x 28.6
26.1 x 18.1 x 28.6
29.8 x 18.2 x 33.5
. 29.8 x 17.8 x 33.0
33.0 x 17.8 x 40.0
27.3 x 17.8 x 39.2
32.0 x 21.0 x 28.3
28.0 x 17,3 x 26.1
X

25.6

No. of Cells.

17.8 x 28.4

Per Module

D W W

(S22 S ) N &3 IS ) |

NS T N

Module
Voltage

§vo1ts}

6.0

. 12.0

L B N =)
o o o o

/3

Energy :Capacity
(Wh) (amp-hours)
892 150

1047 180

1062 186

2928 249

1330 220

1460 240

1750 1280

1460 240

1600 250

' 1648 250

2560 400

1800 . 1225

1440 225

1600 250

~ 1600 250
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Table IV'shows éne approach which can be usedvto.aséeﬁﬁle the moddlesl
shownvin Table I;I into én electric vehiclé‘battery.back. Téble v iszb;sed
on a éonstént mass réplaCement of i8VEV—106 lead-acid batteries'by an'appro%i— _
mateiy gquivalent wéight of improved batteries. Iﬁ generél, théltable indicatés
-that,rétrofit of these batteries into an existing electrié vehicle dgsign'which
is largely based on the EV-106 ié not always possible if the same system'vdlﬁége
is requiréd. Othér methods'df assembling modules into Vehicle béttéry:paéks,:
are, of éourse,.possible.; For example,uone éan perférm>é éimilar substitution
aé was done.ab§vé,}but ipstead using g.cénstantbvolume. A different set of
batter& mass, energy voltage, énd Yolume results;t Such'désign analysis reflecfs
the iﬁportance‘of total vehicle.systéh integratibn which(direc;ly.impacts oﬁ'
tﬁe battery désign.. The module characteristics (shown in Table III) were aerived

from battery optimization studies_for electric vehicle .applications éﬁd, as sﬁcﬁ,
they serve as the baseiine designs from which.specific battefy designs will.be'
con&ucted for specific.vehicle requirements.

The present technical status of EV battéry technolégyiis'reflected in test
results obtained to date at the iﬁidividual c&ntractﬁr laboratories and(by‘veii—
ficationél testing conducted at the Nationai Baﬁtery Test Lgﬁoratory‘(NBTﬁ).

Table V summarizes those results; both contfacfor and NBTL results hangbeen
included. Differences between.. the two arise.from 1) diffgrences‘id tést proce—
bdures, Suéh as the number of cyéies perfday, xeghgfging proceaures,;and'the number
of characterizaﬁion cycles prior toilife CYclé testing, 2) the fact that contractor
data are for cells, whereas NBTL testing is'cbndﬁcted on multi-cell modules;
and.B) contfactof tests are,fhe latest results based‘upon the best of current
design variations, whereas NBTﬁ testing is conducted upon those modules which

have demonstrated the promise of adequate performance at the contractor's site

‘ in the prior 3-6 months.




® TABLE IV . o o
| o © CHARACTERISTICS OF A TOTAL VEHICLE BATTERY SET HAVING o -
APPROXIMATELY SAME WEIGHT AS 18 ESB EV-106 MODULES D -~ L

No. Of Battery .

| _ Modules ~ Battery Set Energy Per Set '
Battery Type and Per Battery - Weight? Battery Set Voltage -
Manufacturer Set (kg) (WH) » (Volt) . Accessories - Comments
Baseline Lead-Acid | | o B S | : _
ESB EV-106 . 18 | 532.8 16,056 108.0 None - " Cooling & Venti-
, : : S o o Tlation air .needed
(Improved Lead-Acid . | . ' | ' o '
ESB - 19 1539.6 19,893 4.0 " » - "
Eltra 19 - 524.4 20,178 114.0 L : . "
Globe-Union 7 . 5082 20,496 - 80 " .
Nickel/Iron ‘ _ ‘ - - ' _ S |
Westinghouse - Present 19 . 540.6 25,270 114.0. = Electrolyte & . Cooled by circu- -
' . : reservoir pump = lating electro-
. _ 20kg, 40 liter - lyte
3 Future 21 . 545.0 29,200 - 1260 " | ‘ "
EPI - Present - 14 - 525.0 _ 24,500 84.0- None - . . Cooling and ven-
A A | : ‘ o : tilation air
, 4 . - _ : _ -~ needed.
| Future 21 . - 525.0 | 30,660 126.0 L "
Nickel/Zinc : o . A R 4 o ' ‘ ‘ ) ' .
ERC - Present 15 523.5 24,000 o9%.0 " o
- Future - 20 540.0 32,960 S 128.0 0" - o
- Gould - Present 13 546.0 | 33,20 . . 8.2 " S "
- Future 18 . 540.0 - 32,4000 1440 " S
ESB -:Present 18 - 518.4 ~25,920 0 - M52t I
| . Future 20 .. 540.0 32,000 R T
Yardney . 9. 535.8 30,4000 121.6 ~ " - ’ o

a) Not including vehicle structure to support and ho]d down modules, but does include any battery accessory weight.
b) For all modules electrically in series - '




Baseline Lead-Acid

Energy Densitya

TEST RESULTS SUMMARY

TABLE V

Cycle Life®

' mi]es)f“

ESB EV-106

Improved Lead-Acid

Globe-Union
ESB
Eltra

Nickel/Iron
Westinghouse
Eagle-Picher
NIFE Jungner AB

Nickel/Zinc
Gould
Energy Research
- ESB
Eagle-Picher.
" Yardney

AT C/3 rate

a0 oo
et S L N e

—+

Estimated

62

66

30-second average at 50% state-of-charge _
Cycled to 80% depth of discharge; 1ife to 75% of rated energy

Simulated test at NBTL for GE/Chrys1er car (ETV 1) on SAE J227a/D cycle; with and w1thout regenerat1ve
braking (R.B.), see Ref. .
Test continuing.

(Wh/kq) | ‘Specific Powerd (W/kg) | Urban Range

NBTL- . Contractor NBTL Contractor NBTL Contractor-| 'w/R.B. w/0 R.B.
30. - 97 - (250) - 60 46
41.4 42,5 - 18 203 350 79 62
35.6 - 40.4 - - 116 120 74 . 63
37.0 39.2 - 114 52 125 - :
48 58 98 100 5300° 300 9 78
47 52 103 100 >160%" © 300 - -
40 45 - 50 ; (1000)" ; ]
67 71 133 130 120 210 - 140 14
46 52 - - 76 100 - -
- 42 ; 100 . (1000)F - -
50 . - - - 61 - 97 80
- - 125 9] 77
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At NBTL, three types of tests are conducted. First, performance charac— .

‘terization determines the specific energy of a module and its peak power capabi-

lity. Secondly, simplified driving profiles are impesed to simulate the require-
ments whichiwould be demanded of the battery in an actual vehicle application.
And flnally, life cycle testlng is conducted at 80/ depth of dlscharge until the

battery falls to deliver 7SA of its rated capac1ty. These results‘are presented B

~in Table V._-The volumetrlc energy den31ty of each.system can be estimated directl&v
from the gravimetric energy density, since:the density_éf each system is approxi-

- mately 2 kg/l (excepting the ESB vibrating electrode cell; whose densityAis yet

to be established, but is expected to be somewhat less).

Aﬂ Lead-Acid Status

In the past, available lead-acid propulsion batteries suitable for EV

application were mainly limited to golf-cart type batteries. These-batteries have

low spec1f1c energy, 25 to 30 Wh/kg, and low cycle llfe, estlmated to range from
125 to 250 cycles. Since the initiation of the near—term EV battery prOJect all
three industrial contractors for 1ead—a¢1dvbatter1es (ESB,:Globe—Unlon, and Eltra)
have developed improved state—of—the—art'(ISOA) cells.and modules thch have
exceeded .the ISOA energy density goal of 40 Wh/kg. 'However; in each case, the
cycle life nas been less_than.desired, ranging from less than 105 to 350 cycles
depending nnon the contractor. | - |

' During,l§79, ESB conducted a comprehensive. faetorial experiment,-with

96 lead—aéid-modules of flat—plate design. In the eourse of this experiment,

,modules attained specific energies of up to 40.7 Wh/kg at the 3-hour discharge

rate. Two 3-cell ISOA modules tested at NBTL operated for 116 and 105 cycles

before the capacity declined below 75% of the manufaeturerfs rated.capacity.

Research on advanced batteries at ESB has compared the performance of three
types of cells using flat-plate, tubular-plate, and bipolar electrodes. Of

the three types, cells constructed with flat platee showed the best overall
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performance, particularly with respect to dischgrge voltage and cell
ﬁapaéity; cells with fubular—plate (37.7 Wh/kg, life testing in pfogfess’i>
~and bipéla? eleétrdde con;tructioﬁ.(abdut'ZO Wh/kg) ha&e not achieve&
épecific energy gs'high as.that obtained'by the flat-plate design; Accordingly,
AESB.has suspended further development ﬁork.on the tﬁbularvénd bipoléf-désigns'foff
- -the édvanced battery in préferénée to the flét-plate-deéign. |

| During FY 1979, Globe-Union ‘delivered five'ZSO'Ah cells to NETL
for testing; ihfee cells wére put through chafacterizatiqn}tesfing'and
_idemonstrated.energy densities of.40.5—41.4 Wh/kg. Tﬁe remaiﬁing two éellé
were life cycle tested and deliveréd 203 and 183 Cycleé.befofe theAcapacify
'gdegiined below 75% of the_rated_éapaéity. Thirty—seéoﬁd4average’péak power
 at.50% étate;of—gharge was‘118 W/kg for these ceilg; -Preaictedjelecgtic
véhicle range for.é battery'oflthis design, based upon NBTL.simﬁlated driving -
“tests (30), ié 79 miles ﬁith regeneratiﬁe braking and-62'mi1es without regeﬁ;
erative ﬁraking: |

Eltra delivered thrée 3-cell modules to ANL in 1979.° Ma%imﬁm

. ma#ifested‘specific energy in NBTL tests was 37 Wh/kg. The same type of
cells tested at Eltra.operated for only 125‘cyc1es. For the advaﬁced_design;
Eltra ié'experimentiﬁg'with.different formulations of the positiﬁe>3ctive
'material to imprdve cyélé life. One of these fbrmﬁlatioﬁs; ﬁhich incorporateéj'
tetrabaéic lead sﬁlfate, ﬁas.resulted in an increase of the cycle life from :

125 to 183 cycles. .
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‘B. Nickel/Iron Status

Nickel/iron contractors delivered multicell modules to the NBTL during

1979. The demonstrated specific energy was 48 Wh/kg and 47 Wh/kg for the Westing-
‘housebénd Eagle-Picher modules respectively, with 30-second peak power densities

- of about 100 W/kg at 50% state-of-charge.for both. In simulated driving profile

tests, the Westinghouse module exhibited a predicted qrﬁan range of 96 miles with
regenerative braking (30$ $nd 78<mi1es'without :egenérative braking. The | |
EaglerPiéhér Ni/Fé module reache& its specified temperature limit during thié test,
so comparable'data'are not évaiaﬁle, :

Much was~1earned:whi1e fabricatingﬁéndlfesfing these;first Ni/Fe;mgduleé

thét_clearly indicates that 60 Wh/kg can be achiéved priox to 1982,, In fact,

.specific energies of 58 Wh/kg have already been demonstrated by cells tested
~in the contraétors‘.laboratofies. These latest full-sized cellsccontain improved

electrodes which were not used in the delivered design of 1979.

.The'cyéle life testing‘Of'the Ni/Fe modules is beiﬁgliohtinﬁed.. From
full-sized cell tests at contractor laboratories, the present cyéle life capability
of the Ni/Fe modules is estaimted to Ee greﬁter than 300.deép discharge éyclgs.
bvér 300 and 160 éycles have already been»verifiéd at the NBTL fo:‘the WéstinghOuse

and Eagle-Picher modules,'respectivelx;

" The energy efficiency of the Westinghouse module has beeh 50%, whereas

‘the coutract goal is 60%. Eagle-Picher and their subcontractor (Swedish

National Development Co.)vhave made notable progress in incréésing the energy

efficiency of this system to 67%. Further improvements are anticipated as

battery éharging techniques are refined and cell designs are optimized to

minimize internmal resistance.
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c. Nickel/Zinc Status

The high performance approach adopted by Gould has resulted in Ni/Zn
modules which have displayed a verified'energy density-in excess of 67 Wh/kg
-(C/3 rate) and a peak pomerrat 50% state of charge of 133 W/kg (30 sec. average),
The demonstrated. cycle llfe was 120 cycles (to 80-1007% depth of dlscharge) at
NBTL, but recent cell tests at Gould have shown an increase in llfetlme to
ZlOsdeep cycles. Simulated driVing profile:tests_based on»the-requirements.'
of the ETV-1 venicle predict a vehicle urban'range of.l40'mileslwithtthe_aid
_of‘regenerative braking (30) and 114 miles without regenerative‘braking.: The
. turnarOund eneérgy eff1c1ency is 77%, based upon a coulomblc efflclency of 91%
(llO/ recharge factor) | |

The low-cost approach adopted by ERC has ylelded modules with understandably
iower performance ~- 46 Wh/kg at NBTL. _Cycle llfe has also been 11m1ted, in
full-size modules, to 76 cycles or less. While thellowocost potential of the
plastic—bonded nickel electrode has been retalned, its performance has been
steadily improved. In 20 A-hr Ni/Cd test cells;fERC demonstrated a lifetime of
~ over 1000:cycles and a positive active-material utilization'of 807 for their
plastic—bonded nickel electrode. Early~tests'with full-size electrodes indié
. cated poor utillzation (55%) of the positive active material; but thispproblem
'Amas overcome by increasing the electrode porosity. Fulleslze cells (rated~at
250 Ah), which lncorporated nickel electrodes having 1ncreased porosity, have‘

exhlblted capacities of 239-266 Ah and nickel utlllzatlons of 76-84%.
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1 ESBls developmental work is based upon prior work at their;Swedish'

' Tudor subsidiary, in which the long lifetlme capability (over 1000 cycles)

of the Ni/Zn. system with the v1brat1ng zinc electrode had been demonstrated
in axSix—cell, l45-Ah module (27). However, the specific energy of that module

was limited to 40 Wh/kg at the 3-hr. rate; ESB has designed a scaled-up

- 300 Ah cell as a baseline and a four-cell module of this design has been

constructued and delivered to NBTL; This prototype has an energy demsity of

42 Wh/kg and a peak power density of 100 W/kg.

The spec1f1c energy of 30 A-hr 51ze Ni/Zn cells tested at Yardney was

'about 70 Wh/kg, with a life of 130 cycles at 80% depth of discharge (31) However,
-the performance of six; - four—cell ,modules (250 An) whlch Yardney dellvered to
NBTL was less encouraging. Although a spec1f1c energy of 62 Wh/kg was demon— .

- strated, cycle life was limited to 38 cycles.A It appears that the fallureb

mechanisms of zinc penetration andvimbalanced electrolyte distribution are

“accelerated in Yardney large cells.

One aspect;of the DOE/ANL program is to maintain an ongoing effort to -
ensure that any promising technOlogy is further investigated. Accordingly,
five, 4-cell, Ni/Zn modules (225 Ah) were procured from Eagle-Picher
Industries for testing at NBTL. These modules‘displayed a specific energy of

~

50 Wh[kg; cycle life was limited toi6l deep discharge cycles;
4 In addition to the delivery of modules to NBTL' for verificatlon testing,

full 51ze nickel/zinc and nickel/iron battery packs (23-27 Kwh capac1ty)

were delivered to the Jet Qropulsion'Laboratory (JPL) din 1979 for electric"

vehicle dynamometer testing (32)-. Nickel/Zinc batteries4were'supp1ied by

ERC (Figure 10) and Yardney (Figure ll) and a nickel/iron hattery was

supplied by Westinghouse (Fignre 12). No serious problems werevidentified

in the system interfacing and integration and the'actual performance of the

battery packs correlated well with ANL predictions based upon NBTL driving cycle

~ simulation tests of the respective cell modules.
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V. Remaining Developmental Problem Areas:

From Table V one can see that the energy:dénSities of all contréctqf's‘lead—
acid modules have reached the iSOA goal (40 Wh/kg). ﬁowever,.ﬁhe cycle life‘of
thesé modulés isfar from the expected value of ‘800 cycles. Siﬁce this program is
a cpntinuous‘deVerpmental effoft, teéhnoiggy for making"betﬁer bafféry is ever

improving. - The data presented:-in Table V:fepresent the techno1ogy of about one yeat

-ago. Since. that time, all.contractors have:-concentrated their- efforts to improve

battery cycle life. Thére is now reason to believe that some contractor has

acquired the technology for making a battery which has both high energy density

and longer cycie life. The ‘800 cyciea life of ISOA battery goal is within

reach. Recent data from one contractor indicates that cell made.with the

same construction as that of the ISOA but discharged at 707 depth. of discharge'

has reached over 950 cycles at 3-hr dischérge.rate.

" The modules all the contractors are making today will haye a better cycle
life than that made before. All the moduies made now are being tested,..It
takes fime to obtain the cyéle 1ife data. Im addition,.fuli—size.(ZSIRWh)Avehicle
batterieé representing the techndiogy of today'are under'COnstruction at each

contractors' plant. These Batteries will be delivered to ANL and JPIL for

simulated and actual vehicle testing.

For the adyvanced lead-acid battery, all-contractors are conducting a separate

developméﬁt project concurrent with the ISOA battery project. 4Much‘knowledge

obtained from thé ISOA project could be of benefit to the advahced battery

developﬁent. The original goals of energy demsity 55 Wh/kg and cycle life of
1000 seem too ambitious for the contractors to achieve without significantly
increasing the utilization of the active materials and keeping the character

of long cycle life. The duration of the contract is a little bit short for
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research on revolutionary.ideas to obfain the knéwle&ge; ‘Al1 the contractors
are concentrating their effbrts_on the Best-optimization of thé known parameters{‘
At the end of:ﬁthe:ﬁrogram,.the goal for_the'advénéed batter& may not bgbcom-_
pletely‘reached, a battery with a higher energy density than the iSOA battery
‘and a 1ong_ cycle life could be obtained. * ' |

: For nickel/iron pafﬁeries R&D ‘problem: areas currently being addréssed afe'
1) initiallcost %édﬁction, 2)'p§cle life demonstration withbldwered maintenance"
"requirements, 3) thermal ﬁ;négemeht, and 4) demonstfaﬁion.éf Sufficient specific'
energy and power to ﬁeet acceptablé‘performance for commuter &ehicles.i'Thel'u
initial cost,lqycie life, and ﬁaintenance'feQuireﬁents join to'résulftin a need -
. for low life cycle ﬁost in order for this system to Becomelcqmﬁeréialli attfac—
tive. .Oné.ANL cohtractér (ﬁestinghouse) uses an électrolyte énd gas management
maiﬁtehance sjstem in conjunqtion_witﬁ.theif nickel/iron batfery Follower |
maintenance requirements. This system, which features circulating electrolyte
-and single—ﬁoint watering, can either be carried én—board the vehicle, or éff—'
board (only attached during battery chgrge).“Westiﬁghouse:tbo, is particularly
sensitiive to initiai battery cosfs as shown by their developﬁéht.of elect:odé 3
processes which are suitable for low cost, volume production methods,i-The
,;Westinghouse battery degign has eVolVed, dufing the cufreht researéﬁ‘and-develbp;
ment contract, to thé point where there is.some gonfidence'thét the minimum:
acceptable perfo:ﬁance goals can Be échieved; HoweQer; a nu@Ber of problems
associated with cell assembly and in;egration of the-electrolyte‘circulétion ‘
system remain to be reéolyed.  Theselp;oblems will ﬁe ;eceiving,thélpropef

engineering em@hasis during 1980.
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4Eagle—Picher has made considerablg progress toﬁard the developméntvof_a
thick (>é:0mm) sin;ered nickel electrode. Work continues tolrefine this
electrode in order to achieve nickel active material ufilizétions of over 907
(or 0;26 Ah/g) iﬁ a nickei/iron cell.- Swedish National Development Co.:
(BEagle-Picher's iron electrode supplier and partner) has:begnAable'fo reduce
‘the thicknéss'of the press-sintered iron‘électrode to i,me while mﬁintainingr
adequate physical in;egrety and iron active material utilizatioms exceeding
0.9 Ah/cc.” SWedisﬁ National is also carefﬁlly inves;igatiné the role of
additives'én enhancing irOn eleétrode_life 5nd'performance over the temperatﬁre‘
range"of 0—4d°C. This work should result in even further improvemeﬁts'in iron‘
'electrode'ﬁerformancé. Eagle~Picher is now in the pfocess of designing éhé
pfocuring cell casés which4éan be more easily mass producéd and assgmbled into
- modules. Aléo; they are studying the thermal management and maintenﬁﬁce néeds
élosély. As a result of this work, a full;sized gleétric'vehicle batfefy'pack
will be designed and fabricated during 1980. |

R&ﬁ problem aréas currently regarded as having the mosf'significant iﬁpaét
~on bafriers to commercial developmént_of the nickel/zinc battéry are 1) short
cycle life, 2) cost redﬁétion,iB) sealgd'cgll development and &) therméll'A |
management. fhe lifefime problem is jointly related téiseparator degradation,
aﬁd the zinc electrode characteristics of dendriﬁe'foimation and shépe changé.
Early work'oﬁ separators Qas focused on'cellulosic plastics such as cellophane;
ﬁo&ever,-thése Qere found to be gradually degraded.by the.cell environment.‘b
More advancéa'inqrgaﬁic/quanic composites ana crossélinked organic'Separators
ha&e provgn to be ﬁore hydroxidelreSistanqe, Current efforts are concentrated
on developing stable, zinc—free separatorsiwhighfhéye low ionié réSistance

(<0.5%cm2) and can be produced at low cost (<$0.20/ft.2). A number of additives --
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both to the zinc electrode and to the electrolyte -- are also Being investigated
in an:attempt to extend cycle life. The role of the additives is to alter the
characteristics of zinc dissolution and deposition in such a way to suppress

dendrite formation and shape change. By providing dispersed nucleation sites,

' ‘some additives reduce the extent of zinc redistribution. Others reduce zincate

- colubility in the eiectrolyte. ‘Still other additives affecf zinc deposition

characteristics by raising or loﬁering the:overpotential for the competing hydrogen—
evolution reaction. A recent novel approach to reducing shape change has been

an éftempt to immobilize or otherwise confine species within an inert electrode

material. Takén'collectively, these new concepts offer'substantial reason to

believe that improvements in‘cyclé life'willgbe forfhcoming.

Vi. Prospecgts of a_Commerciél‘Mérket for Near-Term ElecttijVehiéle;BatteriesA

As nickel/zinc and nickel/iron designs evolve, the potential market size

" becomes increasingly important as an influence on corporate commitments to further

research and development and ¢apital allocations for pilot production. Estimates
of electric vehicles market size differ quite markedly because of uncertainties

about - future EV performance and cost, future energy availability and cost, and

other exogenous factors -- such as shifting consumer acceptance and federal energy -

policy. Predictions of EV passenger car usage in the year 2000 range from
3.to 24 million vehiclgs (33, 34). Table VI presents the range.ofnestiﬁates for
totals EV's and EV sales per yeaf predicted under various low, medium, and

high growth rate market scenarios. Within this context, nickel/zinc and nickel/ -

~dron batteries can be portrayed as intermediate-term battery systems capable
of dapturing a dominant segment of the EV market beginning in.the late

'1980's, after an initial introduction of lead-acid powered vehicles,; and before

the more advanced battéries become widely available (35).



~ Table VI

ELECTRIC VEHICLE MARKET SCENARIOS

SRI* . ANL®* - ANL** O ANL**
Year Study - _Llow - . Medium . = High
 Total Electric Vehicles (thousands)
1985 - s .8 . . .68
1990 - - o . w8 - 955
2000 - 3000 8000 24000
Total Electric Vehicle Sales Per Year (thousands).

185 . 10 16 2 70
1990 60 69 - 154 422
2000 © 600 961 2906 . . 8340

*

Reference 34
xx

_Reference 33



VII. Summary

. From the inception of the DOE/ANLFNear—Term EV Battery Program in 1978,
significant progress in lead-a¢id, nickel/iron and nickel/zinc battery technology

has been made towards achieving the technical performance goals necessary for .

‘widespread use of these battery systems in electric vehicle applications. The

lead-acid EV battery development has made:advances in increasing‘the energy‘

density‘from 25—30‘Wh/kg to over 40 Wh/kg Current emphasis is the - .. I -

1mprovement<xfcycle llfe of the high energy density battery to a 1eve1 v

of 800 cycles. The prospect for obtalnlng a lead—acld battery havlng both

: hlgh energy den31ty and long cycle llfe in a few years is very promlSlng.t

: Nlckel/lron modules have demonstrated a spec1f1c energy of nearly 50 Wh/kg and

a specific power‘of 100 W/kg. 1Indications are that improved performance in
these areas can be shown during 1980. Nickel/iron modules cycle lives of

300 have been achieved during early 1980 and testing contlnues.: Energy-

eff1c1ency has been improved from less than 50/ to over 657%. Nlckel/21nc module
" test data have shown a specific. energy of nearly 70 Wh/kg and a spec1f1c powerxr
of 130 W/kg. However, cycle life improvements are still needed’ (presently,

demonstrated capability,of 120 cycles) and are .expected. to be achievedodnringsv

1980. Cost reduction (both initial and,operating) continues to receive'
maJor empha31s at developers of both n1cke1/21nc and nlckel/lron batterles in
order to achleve the 1owest possible life cycle cost to the battery user..
‘Based. on the'continued demonstration of viable solutlons to technlcal
problems in the 1980 1983 time—frame, these near-term batteries w1ll emerge

as contenders for electric vehicle appllcatlons, The relative cost/performance/
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life tradeoff of these battery systems continues to receive emphasis in the
DOE/ANL R&D Program. While it would be premature at the present time to
- . select winning systemé or'épecifig technical approaches, it is the intent of
- the DOE/ANL program management to continue supporting the development of:the. .-

most viable approaches in response to the 1986 commercializatidn goal.,
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FIGURE CAPTIONS"

The Four-Passenger DOE Electric Test Vehicle (ETV-1) Designed and

Fabricated by General Electric/Chrysler.

Two Gould 400 Ah, 4-cell Ni/Zn Modules Under Test in NBIL.

An ERC (Energy Research Corporation) 250-Ah, 4-Cell, Ni/Zn Module, 
With Charge Coﬁtroiler, Under Test in NBTL.

An ESB 300-Ah, 4-Cell, Ni/Zn Module Based Upon the Vibfating
Electrode Conéept. |

An Engineer Adjusts the Flow Rate in aﬁ Elgctrolyte'Circulation
System for a Westinghouse 220—Ah, 6;Ce11 Ni/Fe Module:UnAér Test‘

in NBTL.

An Air-Cooled Eagle-Picher 280-Ah, 5-cell, Ni/Fe Module Under Tést

in NBTL. -

A Globe-Union 250-Ah Improved Lead-Acdid Cgll.

Two ESB 180-Ah, 3-Cell Improved Lead-Acid Modules Under Test

in the NBITL. |

An Eltra (C&D) 186-Ah, 3;Cell Improved Lead-Acid Module Under
Test in the NBTL. | | |

The 108 Volts, 250-Ah ERC Ni/Zn Batter& (66 Cells) Delivered to

JPL for Vehicle Testing. Battery Weight, 1210 1bs.

The 108 Volts, 250-Ah Yardney Ni/Zn Battery (66 Cells) Tested at

JPL. Battery Weight, 1152 1lbs.
The 108 Volts, 210-Ah Westinghouse Ni/Fe Battery (90'Cells) Tested

at JPL. Battery Weight, 1080 1bs.
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