Michael P. Walsh
Chairman, Independent Expert Panel
3105 North Dinwiddie Street
Arlington, VA 22207
July 27, 2007

Mr. Tom Cackette

Acting Executive Director
California Air Resources Board
1001 “I” Street

Sacramento, CA, 95812

Dear Tom,

Our Panel has reviewed the copy (to Fritz Kalhamnoérthe letter Dr. Menahem
Anderman sent you on June 22, 2007. Below is ount{iy-point response to Dr.
Anderman’s critique, based on the best currentbilalile information collected over the
past year during our intensive research. In summasthing in Dr. Anderman’s letter
changes the conclusions we have reached in owy andiReport.

The form of our response to the seven points mgderbAnderman is to summarize the
Panel position, describe our rationale and thgarésent additional information items we
feel are appropriate. If you have the time, you nmwagh to read the additional
perspectives we offer on Dr. Anderman’s pointshiem tComments” paragraphs below.

1. Panel estimate of energy capacity for PHEV batteriesistoo small.

a) Panel positian

We disagree with Dr. Anderman’s statement whichased on the contention that only
about 60% of PHEV battery capacity (as opposethi¢dPanel’s assumption of 80%) can
be used if the required battery cycle life -- faample, about 2500 deep cycles over a ten
year life — is to be achieved.

b) Rationale

The Report documents cell-level cycling test res(Rig.3-2) that prove 2500+ cycle
capability of SAFT’s medium power/medium energyldun technology at 80% depth of
discharge (DoD).

It also shows a data plot (Fig. 3-3) from an ongotast of the same technology at
Southern California Edison (SCE) that by now haseerded 2000 75% DoD cycles with
only 5-7% declines of energy storage capacity arakpower. For a 20% loss (nominal
end of life), these data extrapolate to at lea$i04énd quite possible as many as 5000



75% DoD cycles. As noted in the Report, the SCEuses multiple modules and a test
cycle that simulates battery operation in a PHE&& (glso Point 6 below).

The Report also notes that lives of 3000 and mgcées have been reported or claimed
for several other Li lon technologies [A123 Systemdtair Nanotechnologies, and
Kokam].

c) Comments

Dr. Anderman contends that “essentially all experezl experts in the industry agree that
the battery could not be cycled to more than al®@fo of its energy”’, with the
implication that battery capacities need to be 38&¥%tor 80:60) larger than those used in
the Report. However, no hard evidence is offereddhyAnderman for this contention.
Given the avowed lack of interest and activity iHER/s and PHEV batteries by the
major automobile and battery companies just a ggar it seems doubtful to us that any
of his sources have been conducting the severa$ y#d. i lon battery tests simulating
operation in a PHEV; they certainly did not claimhave done PHEV battery testing.
Such tests would have been required to generateoddhe type used under a) above to
indicate Li lon deep cycle life capability in PHEpplications.

The PHEV battery capacities used in the Reportnateestimates of the Panel but are
based on a study (M. Duvall et al., 2001, see Rdpeferences) conducted by a team of
experts from GM, Ford, Volkswagen, EPRI, NREL, ANdnd the University of
California at Davis. In that study, the requiredtéiy capacities were derived from three
guantities: the driving ranges of representativeEWPBl on battery power alone, the
fraction of battery capacity (taken as 80%) pemditto be used to deliver these ranges,
and the representative per-mile DC energy conswmjati battery-powered vehicles.

To provide a margin for the anticipated reductidnstorage and power capacity over
time, the Panel increased the minimum capacity esddr a PHEV-20 battery from 6

kWh to 7 kWh. Assuming 80% utilization of that cajg results in the availability of 0.8

x 7 = 5.6 kWh of DC energy from the battery. No@tta current, efficient electric

vehicle with Li lon batteries such as the AC Prepart eBox (weight about 3000 Ibs)
uses well less than 0.25 kWh DC electricity peremar less than 5 kWh for 20 miles.

If for argument’s sake one reduced the allowabltebacapacity utilization to 75% (as

employed e.g. in the SCE PHEV battery cycling jestee PHE-20 battery assumed in
the Report would deliver 5.25 kWh, still more thsurfficient to cover 20 miles. Also,

increases in electric drive vehicle efficiency dikely to be achieved as part of the
ongoing substantial efforts to increase the “hydrognileage” of fuel cell vehicles.

Although our Report does not make that assumptieconsequence of such efficiency
improvements would be reductions rather than irsge@ the PHEV battery capacities
from those used in the Panel Report for specifiedtec ranges.

2. The Panel estimate for the cost of the PHEV batteriesis too low.



a) Panel positian

Dr. Anderman’s assertion is given without basiscontext. As clearly stated in the

Report, our battery cost projections are basedropgtions/estimates given to the Panel
by one NiMH and three different Li lon battery depers/manufacturers. Their

estimates were consistent with the bottom-up coalyais performed by an independent
expert in Li lon cell cost estimation. Thus, weibe¢ our cost projections for PHEV-size
cells and batteries have a solid basis.

b) Rationale

Most of the cost estimates acquired by the Paoet fti lon battery manufacturers were
for medium energy/medium power cells of around 4@AHd for complete batteries in the
15-25kWh capacity range, the cell sizes and battepacities required for PHEV-40 cars
and SUVs and for small BEVs. We obtained cost ptaes for different production
volumes from these manufacturers, and the fact ttietslope of these "cost learning
curves” (see Fig. 3-4) were quite similar lendspgupto our projections as well as to
their extrapolation to very large production voliane

c) Comments

The Panel was not given cost projections for biaewith the cell and energy capacities
appropriate for shorter-range PHEVs and for HEVs$henone hand, and for full size, full
performance BEVs on the other hand. As explainethenReport, we developed a cost
model to project the battery costs for these cdipgtications.

To increase confidence in battery cost projectianseries of materials, engineering
design and manufacturing cost studies is needesheasioned in the Report. To the best
of the Panel’'s knowledge, no such studies have pablished, nor did the major battery
and automobile manufacturers provide us with cosfeptions for PHEV-design and -

capacity batteries that would support Dr. Anderraassertion.

3. The Panel estimate for the cost of existing HEV batteriesistoo high

a) Panel position

The Panel’'s cost projection for a 2 kWh battery MIMIEV battery produced in large
volume is about $2,100 (see battery cost for 2500MV&fnual production rate, Table 3-
14). This is quite close to Dr. Anderman’s numlmarduch a battery: “....leading to pack
prices between $1000 [for a 1 kWh battery] and $26f the existing ...._2 kWh
batteries”.

b) Rationale



The Panel's projected costs (prices to OEMs) fowwBkNiIMH HEV batteries are
approximately $3000 at the 100,000 packs/year mtimu level, and approximately
$2,100 at the 1.25 million packs/year (2500MWh/ygaroduction level, see Report
Table 3-14. Since NiMH batteries are now being posdl at the 500,000+ packs/year
level by PEVE, $2,100 is the Panel's battery paokt grojection most relevant for
comparison with Dr. Anderman’s number for “existimgass produced] batteries”.

c) Comments

The agreement between the Panel’'s projection andARderman’s information is
gratifying, considering that the Panel’'s projectioior NiMH HEV battery costs are
based on extrapolations of PHEV-type battery ctstsnuch smaller cell and battery
capacities, and assuming that Dr. Anderman’s in&bionm comes from major HEV
battery and/or automobile producers.

The Panel’s Li lon HEV battery cost projectionsIflea3-13) are lower than for NiMH at
large production volumes, but since there are mongercial plants as yet for large-scale
production of Li lon HEV batteries, there is nolrbasis for comparison of the Panel's
projections with a commercial product.

4. The Panel assertion that the cost differential between a PHEV and HEV [battery] is
only $800 to $1200 is off.

a) Panel position

The Report statement in question -- “Significanttfee life cycle economics of PHEVs is
that the incremental cost of a NIMH PHEV-10 battever a full HEV battery is less than
$800; for a PHEV-20 battery, the difference is &#11200” -- is not an assertion as Dr.
Anderman states but the result of the battery anatyses and projections of the Panel
that underlie the numbers in Table 3-14.

We disagree with Dr. Anderman’s contention that@l&Vh battery would be needed for
a PHEV-10 vehicle (see 1. above). We also disagidehis statements: that a Camry 5-
6 kWh PHEV battery would need to be “high powertdamore importantly, that the
battery’s_per-kWhcost would be nearly the same as that of a HEV pigwer battery,
see also Commenbslow.

b) Rationale

Three important factors are reducing the cost diffee between PHEV and HEV
batteries well below what would be calculated i€ @ssumed comparable per-kWh costs
for these batteries : (1) optimized PHEV cells vod substantially larger (by factors 2
and 3.5 for PHEV-10 and PHEV-20, respectively) ntiEV cells , and the cost per Ah
(and thus per kWh) of PHEV cells therefore willdgnificantly lower than the per-kWh
cost of small, very high power HEV cells, (2) imgaott portions of the balance-of-plant



costs (e.g. for the control system) are similarR&tEV and HEV batteries which means
that the_per-kWttosts of the BoP are significantly lower for PHBatteries, and (3) for
the same battery production rate (e.g., in packs)yéhe battery capacifyroduction rate
(e.g., in MWhlyear) is 2-3.5 times higher for PHb¥dtteries, so the per-kWh cost of
PHEV battery materials will be lower in mass praghrc

These differences were evident in some of the hatteanufacturer cost projections
obtained by the Panel and they are quantifiederfalstors derived from that information
(see Report Tables 3-11 and 3-12). Their cumulathgact is that the per-kWtost of a
mass produced 2 kWh NiMH batteis/about $1000/kWh as compared to per-k¥dits
of approximately $750 and $500 for complete PHEVdAfRd PHEV-20 batteries,
respectively.

c) Comments

The Panel is not familiar with the Camry PHEV-10dst Dr. Anderman refers to (he
does not provide a reference), so we are unaldertgpare and critique the assumptions
and analysis methodology of that study with thaseeulying the Panel’s results.
However, we stand on our results that a 4 kWh batte®uld be more than sufficient for
a PHEV-10 car, and that in large scale productienger-kWhcosts of NiMH (and Li
lon) PHEV batteries will be substantially lower thttaose for high power HEV batteries.
Together, these results explain the relatively bmiifflerence in the projected costs of
complete HEV and PHEV batteries.

Even if we assumed need for a 5-6 kWh [NiMH] PHEAttery for a PHEV-10 Camry,
such a battery (energy density probably around 58#yhwould be able to deliver the
required peak power (about 60 kW, see Table 3-4) Had a module-level power
(weight) density of about 500-600 W/kg which wasrted medium power in the Report.
This is less than half of the 1200 W/kg typical tbe high power density modules used
in state of the art NiMH HEV batteries, with a cegsent reduction of conductor and
cooling system cost per kWh of PHEV cells and etse

In the Panel's cost model, a 5-6 kWh medium-poweMH\ battery would cost
approximately $3,300 - $3,500 in large-scale prtidac(estimated by interpolating
between the costs for 7 kWh and 4 kWh batteriesvehan Table 3-14 for the
2500MWh/year production rate), and the cost difieeebetween this and a high power
HEV battery would be about $3,300 to $3,500 mifasl00, or $1,200 to $1,400. This
difference actually is overstated because it ighdine additional per-kWh cost reduction
that can be expected for PHEV batteries if theyewgnoduced at the same rate (1.25
million packs/year) as the 2 kWh HEV battery.

Our bottom line is that in large scale productiba tost differences between PHEV-10
and PHEV-20 batteries on one hand, and a HEV lyattethe other hand will be modest,
well less than the values of the incremental lifietifuel cost savings enabled by the
PHEVs vs. the HEV, see also below.



5. The payback for [the battery of] a PHEV-10 Camry would be 18 years.
a) Panel Positian

We agree with Dr. Anderman that, for his assumgtiohPHEV-10 battery capacity and
[NiMH] battery specific cost, payback would be thatg. However, we disagree with his
assumptions. Instead, we stand on our PHEV batimpgcity and specific cost numbers
that, together with the fuel cost and efficiencguamaptions clearly stated in Appendix 16
of the Report, indicate much shorter payback tithesugh fuel cost savings.

b) Rationale

The discussion under Point 2 above summarizes ripgmeents for the PHEV battery
capacities and specific costs discussed in thel PRaport in some detail, and it explains
why and how we differ with Dr. Anderman’s numbers.

c) Comments

Regarding payback time, Appendix 16 of our Repodsdnot include net present values
(NPVs) of lifetime fuel cost savings for PHEV-10hweles. However, these can be
interpolated from the NPVs for HEVs and PHEV-20wvegi in Appendix 16. For
example, in the 10,000 miles/year, $3/gal and $RW& scenario, the fuel cost savings
NPV for a PHEV-10 would be approximately $4,30thyears. The comparison of this
cost to the Panel’s projection of about $3,000af@ kWh PHEV-10 battery produced in
large volume translates into a payback time of alfoyears. In the 14,000 miles/year,
$4.00 and $0.08/kWh scenario, the fuel savings Ki#\the PHEV-10 increases to about
$6,300 and the payback time reduces to less tlyaars.

Even if we were to assume Dr. Anderman’s stated feea 5-6 kWh PHEV-10 battery
(costing $3,300 to $3,500 in the Panel’s model,4ezbove), the battery payback times
for the two scenarios are about 8 and 5.5 yeaspentively, far less than the 18 years
claimed by Dr. Anderman.

Note that in the NPV/payoff considerations abovehage not referred to the scenario
(see Appendix 16) that is most favorable to PHEMsthat scenario ($4/gal gasoline
price; improved ICE and electric drive efficiengies which seems very likely in the

mid- and longer term -- PHEV battery payback timesuld be shorter yet by several
years.

6. The Panel assertion that there is data that suggests Li lon batteries can meet the cycle
life requirements of PHEVs is misleading since it is calendar life at high state of charge,
particularly above room temperature, that is most eroding to Li lon battery life. The data
that the Panel refers to from Southern California Edison avoided that condition and is



thus of limited relevance and should not be extrapolated to project life in an operating
vehicle.

a) Panel positian

As noted in the Report we agree with the generatigepted view, also voiced by Dr.
Anderman, that extended periods at high state afgehand elevated temperature reduce
Li lon cell and battery life. However, we disagmegh Dr. Anderman’s contention that
the SCE test “...avoided that condition [of high stat charge and elevated temperature]
and thus is of limited relevance”. As stated cheanl the report, the SCE test simulates
cycling of battery modules in actual PHEV operatimeluding representative periods at
high state of charge and realistic battery tempeseatonditions. We believe that the SCE
test results are not at all misleading but, onctin@rary, represent a realistic test of Li lon
battery life capability in PHEV operation.

b) Rationale

The SCE test of Li lon PHEV batteries involves giag of multi-module units to full
capacity at representative rates, discharging thema simulated combination
urban/suburban driving cycle to approximately 25%iesof charge, operating the multi-
modules at this rather low SoC in the charge-suisigi(HEV) mode, resting them for a
period, and recharging to full capacity. This cy@serun continuously, resulting in
performance of three to four cycles per 24 hours.

Therefore, with respect to the critical time atthgjate of charge, the SCE test subjects
the test modules to a daily period at high statehafrge about 3 times longer than they
would be in actual PHEV operation which would in®bnly one discharge from 100%
to 25% SoC and recharge to 100%. Thus, in thiartethe SCE test simulates actual
PHEV operation for 6 years, with the remarkableilitehat well over 90% of the original
storage and power capacities are still available.

Regarding temperature, the test modules are kept akternal 25°C and during the test
cycles internal temperatures never exceed 30°Caugecthe SCE test simulates actual
PHEV operation, module temperature conditions aqgeeted to be similar to actual
PHEV battery operation, including battery coolifigne importance of appropriate state
of charge and temperature controls for achievernénbong battery life is stressed in
several sections of the Report.

c) Comments

The SCE test does not test calendar life for modpleration at low(er) state of charge

for more than two years. However, SAFT test dat@lable to the Panel indicate very

long calendar life capability for the type of Lindechnology being tested at SCE. For
example, at 100% SoC and 40°C, SAFT cells losttleas 4% capacity in more than 4

years, extrapolating to a calendar life in exceds$oyears under SoC and temperature
conditions much more severe than those used i8S @ietest.



Similar calendar life performance results have begrorted by the same Li lon battery
manufacturers that claim achievement of more tf@)©3leep cycles.

Finally, we point to the fact that Li lon cells abdtteries typically do not fail abruptly

but lose storage capacity and peak power capatolity gradually. One important

consequence is that even after the nominal enileof20% loss of capacity and/or peak
power) batteries will continue to function near tbeels, to which the vehicle user is
accustomed, extending battery life even furthepractice.

7. The Panel assertion that [the] PHEV offers no consumer compromise is flatly wrong.
Cargo volume is a significant consumer attribute and PHEV batteries, if installed in an
existing platform, will occupy much of the cargo space. In fact the few companies with
field experience with strong HEVs (Toyota, Honda, and Ford, PEVE, and Sanyo)
unanimously agree that fitting in an existing sedan a battery that will support even a 10
mile PHEV is very challenging. For over 10 milesit isimpractical.

a) Panel Position:

We agree with Dr. Anderman thsitmply replacing a HEV battery with a PHEV battery
in an existing HEV will reduce cargo volume, andsthan be considered a customer
compromise. Whether or not this is a significantnpoomise can be debated, especially
considering the Panel's charter to project the attaristics and costs of ZEV
technologies for the mid- and longer-term when ¢hteshnologies are on public roads in
numbers sufficient to impact environmental and gynéssues.

The Panel’s opinion is that early PHEVs will likebe HEV conversions, have rather
short range on battery energy ("AER", for exampeniiles), and represent acceptable
cargo volume compromises to their owners/users. P&EV (including battery)
technology evolves and market penetration increassscle design modifications and
purpose-designed vehicles are likely to emergeyedriby the financial, logistic and
social benefits of deriving increasing fractions wehicle propulsion energy from
electricity. Together with gains in vehicle spacel duel efficiencies, these modified
and/or new vehicle configurations will likely petnoin-board battery capacities sufficient
for AERs of 40 or more miles.

b) Rationale

Early PHEVs will likely be low volume HEV conversis, and the cargo volume
compromise will be mitigated in the minds of therlgaadopters by the benefits
associated with plugging-in to the grid. In a histcexample, the first cars with air
conditioning systems had significant cargo volurnenpromises yet early adopters still
bought them for the attributes they provided. Todeyconditioning is virtually standard
on U.S. vehicles and no one considers it a pacgaggmpromise. We also note that the
first-generation Toyota Prius represented a siganfi compromise in performance, a



very important expectation of most automobile bay#fet, the new vehicle concept sold
sufficient vehicles to buy the time needed by maanufrers to improve battery and
vehicle technology performance.

For the mid- and longer term, existing vehicle folahs appear to offer sufficient space
to accommodate compact-design Li lon batteries tdast 10 kWh and perhaps as much
as 20 kWh, sufficient for efficient PHEV-25 to PHE® vehicles. For example, the 9-10
kWh battery of the Energy CS Prius PHEV converglehivers up to 30 miles AER yet
fits into the vehicle with little loss of trunk spa The Dassault (France) PHEV
conversion of a small Renault Kangoo pickup truckaenmodates a 20+kWh battery
with almost no loss of cargo space. Vehicle desgych as the Daimler A Class and B
Class, unquestioned commercial successes in Euvamdd offer sufficient space for
such batteries (or fuel cells).

Finally, the Panel believes that General Motors ot invest in developing the Saturn
Vue PHEV or the purpose-designed PHEV-40 Volt & tompany did not believe these
vehicles will have competitive cargo space.

c) Comments:

The package compromise issue with conversionsisfieg vehicles has been brought up
in the past, especially by those who wanted tadiasons why PHEVs are “not feasible”,
seemingly ignoring the fact that over time vehialehitectures continuously evolve to
accommodate the product content that customers weahiuy. For example, recent
PHEV concept vehicles using unique architecturet a1 the Chevrolet Volt and Ford
Edge HySeries do not appear to have package congeem Moreover, based on
published interviews with their executives, Genéfaltors seems to be relearning from
the sales success of the Toyota Prius HEV thaddition to solving packaging issues) a
unique vehicle architecture can provide significanarketing advantages for an
alternative technology and fuel vehicle. The assedi instant recognition and status for
the owner/driver can lead to successful saleseptbduct and important image benefits
for the manufacturer.

Summary

In summary, the Panel's independent expertise w@sght to bear on the issues we were
asked to address and was informed by the numelisagsgions and exchanges we had
with leading organizations and their experts arotiredworld. As part of that effort, we
observed that battery and vehicle science andetttenblogy have moved forward in the
past several years, and that substantial furthesgae likely in the mid and longer term.
One consequence is that the relative merits of PH&M Li ion batteries compared to
HEVs and NiMH batteries, respectively, are shiftgignificantly as documented in the
Panel’s report. The recent announcement of Toyqiass to test a prototype PHEV on
public roads in Japan can be taken as evidendasoflevelopment. Therefore | urge you



and the Board to not be distracted by Dr. Anderm@omments on selected sections in
the Report.

As Panel members we hope these comments are hdhpdalse don’t hesitate to contact
me if you, your staff and/or the Board desire adddl clarification.

Best regards,

Michael P. Walsh,
Chairman, Independent Expert Panel
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