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Build-Up of Distributed Fuel Cell Value
In California:
Background and Methodology

l. EXECUTIVE SUMMARY

This paper presentbé findings of a study by the Califorrfrael Cell Manufacturers
Initiative (RCAFCMI0) that examinethevalue to California residents a broad
introductionof stationary fuel cells into the state of Califian This study examirseonly
stationary fuel cell$o be usedn distributedgeneration marketsanging in size from
several hundrek i | o widMo flogengofine g a w aviWio 3 Thic studydoes not
address the application of fuel cells in other statigrapplications€.g, residential
central statioj) nor does it address the application of fuel cellgartable or
transportation applications.

Figure 1, entitledi B u-Up ofl Fuel Cell Value in Californjaillustrates the results of

t he sstembg-step analysis of thealue in cents/kWh of thavoided costsf central

station electricity generaticattributable to fuel celloday. Thisi wat er f shbwsd char t
thatdistributedfuel cells currently provide 6-80.5 cents/kWh ofalueto California

electricity consumes. With only18 MW of fuel cell capacityin California out of a total

annual peak load of over 50,000 MY¥\el cells currently provide less than 020 bf

Cal i forni aos itetheencraased pemetragion af shsiuted fueMéellsover

time, both theamount ofelectricity provided by fuel cells and the cents/kWh value will
increasetogetherdramatically increang the total value oflistributedfuel cellsto

California

The categories of avoided costdhie B u-Up ofiDistributed Fuel Cell Value in

Cal i f ibustratedandrigure Hepicta numberofseal ed Adi stri buted val
elementé that represendistributed generation technolpgttributesvis-a-vis a central
electricitygenerating plantThe actual valugshown in Figure 1 reflect fuel cedpecific

calculationdor each distributed value elementludedin this study some of which

would besimilarto values forother distributed generation technologaesl some of

which have higher values due to theheologyspecific characteristics of fuel cells.
Technologyspecific characteristics contributing to higher relative fuel cell value include

e Electricity generation through electrochemical reaction rather than by combustion
i Higher electrical efficiencyresulting in more efficient fuel usend
reduced carbon signature
1 Greater reliability, partially due to fewer moving parts
T Improved power quality
T Avoided emissions
e Low acoustic signature
e Virtually zero emissions signature
e Low vibration.
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¢kWh

_OtherValues TBD
Build-Up of Fuel Cell || Value of Deployment Ease Site Specific
. - __Value of Job Creation Potential ____ 0.11-026
Value In California
Value of Health Benefits** 234-254
Value of Avoided CO, Emissions* 0.11-221
Value of Other Avoided Emissions 011-190

(NOX*A S02*, VOC*, PM10~, CO*A Hg)
Increased Reliability/Power Quality/Blackout Avoidance =0.01 - 0.22

0.03-040
0.26 - 0.64
0.06-0.97
0.01-024
0.00-026
0.36- 0.96
Value of Avoided Generation Fuel Cost** 128-7.03
(Efficiency Gain + Cogen Credit + 30% Renewable Fuel Use)
_____ Value of Avoided Generation Variable O8M Cost _______________ 0.00-025
L | Value of Avoided Generation Capacity Fixed Operation & Maintenance Cost 0.22-029
Value of Avoided Generation Capacity Capital Cost (93% Effective Load Carrying Capacity) 1.711-2.31

¥ Indicates inclusion of Cogen Credit

A Indicates inclusion of Digester Gas Credit RANGE OF TOTAL FUEL CELL VALUE: | 6.6 - 20.5¢ik\Wh

712972007 RY

Figure 1. Build-Up of Fuel Cell Value in California

Features that are shared with some but not all distributed generation technologies include:

Cogeneration potential, resulting in even higher overall system efficie
24/7 baseload operations

Fuel flexibility

Well-suited for renewable fuels

The distributed value elements quantified in this study specifically for fuel cells fall into
the following four general categories: (i) Generatielated (avoided fixed andariable
costs, including fuel costs); (ii) gricklated (increased reliability, avoided transmission
and distribution costs); (iii) avoided emissions and related health benefits; and, (iv) job
creation potential.

Each distributed value element quasetfifor fuel cells in Figure 1 is discussed in some
detail in this paper to enable the reader to understand the derivation of its value. Some of
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the avoided costs illustrated in Figure 1 are quantified based on observablepmnegset

of equipment, servis, and other relevant factors, and some are quantified based on
values that are derived from a brdaaked literature search. Some attributes would also
apply to other distributed generation technologies, though the specific value of any given
attributemay be technologgependentd.g, value of avoided emissions}.herefore,
additional data on fuel cell technologies, economics, and underlying assumptions was
obtained from the participating organizations.

The results of the avoided cost analysis iHaigtd in Figure 1 were incorporated into a

full benefitcost analysis of stationary fuel cells in Californighree of the major benefit

cost tests specifidoytheCal i f ornia Public Utilities Commi
Standard Practices Manual were peried as part of thistudy, including

e The Participant Test
e The Ratepayer Impact Measure Test
e The Societal Test.

The full benefitcost analysis was based on detaflesl cellcost and performance data

provided by the participating organizationsigue 2, ent i tl ed fABenef it : (
Fuel Cel |l Baseload Electricity Generation in
the capacity weightedverage resultdased omenefitcost ratios calculated for nine

separate fuel cefiroducts Figure 2 cdarly demonstrates thai) fuel cells provide

significant societal benefits to California feach of the foufuel and operating mode
combinationsanalyzed and(ii) ratepayer funding r ovi ded t hr elfgh t he CPL
Generation IncentivBrogram( i S & haB movedtationaryfuel cellsthat generate

baseload electricitio the point ohearcosteffectiveness frothep ar t i ciepant 6 s (

i n v e sperspeclive, even without federal and state tax credislitional details

related tahe beneficostanalyss areprovided inSection 1l ofthis report.

The fuel cellsconsidered in thetudyoperate as a baseload distributed generation
technology. Therefore, valuing the avoided costs associated with the deployment of these
fuel cells must be based arcomparison with the avoided baseload central station
electricity generation technology serving California customé&tese avoided baseload

central station generation technologies includstate natural gafired generators and
out-of-state coafired generatorfrom which Californiaimports power. Although coal

fired imports into California will be limited in the future under letegm contracts, it is
anticipated that significant volumes of shtatn coalfired electricity imports will

continue tamake their way into California for the foreseeable future.

Fuel cells generate electricity usingelactrochemical process rather than through
combustionandeven though most fuel cells use natural gas, fuel oelsverage require

less natural gas p&kWh generated than most central statiatural gadired generatcs.

As a result, fuel cells have lowearbon dioxiddi.e., greenhouse gagmissionghanthe

avoided generator, agscribed in detail in this papein addition, the 3% of

Californiad s f u el cells that operate on renewabl e
wastewater treatment plants further reduce emissions by preventing flaring of that

digester gas. Emissions are further mitigated by tBe @&Qall fuel cells that capture
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waste heata produce steam or hot water, thereby avoiding fuel input to natural gas
boilers to produce those products. Each of these factors contributes to evarvondee
(i.e., reduced emissions attributable to fuel celldnother key advantage that fuel cells
have over conventional power generation technologies isublatélls emibnly small
quantitiesoh i t r 0 g e MNOH rndd elsf | rfi SO Ji.ed ackl raih A
pollutants) in part because their fuel input has to be desulfurized and in parsbdaal
cells do not employ combustion technology to prodeleetricity.

Benefit:Cost Ratios for Fuel Cell Baseload Electricity Generation
in California, with SGIP Funding

Cogen| Mode
1.5

5]

<
)

1.0 0.5

Natural 15 Renewable
Gas Fuel
1.5
No Cogen R3 312412008

@ = Participant Test ®= Ratepayer Impact Test E::F Societal Test

Figure 2. WeightedAverage BenefitCost Ratios with SGIP Funding

Fuel cells provide significant vainstaled to Cal i
capacity and penetration rates increase throughout the state, the value provided to
Californiads ratepayers through cogenerati on

generation, and the associated avoided emissions will grow signific&eahyMW of
installed capacity, fuel cells result in m@eidedemissions per year than either solar
photovoltaics or wind energy; combining the unique operating characteristics of these
diverse technologies would further enhance the benefits of fugloéhe state.
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Fuel cells andher resultant lower emissions have the potential to make a significant
contribution to achieving the reduced greenh
the California GIlobal Wa r m. ImdgstrySnput,ut i ons Act
supported by California Energy Commission analysis, indicates that stationary fuel cell

penetration in California could reach 3200 MW by 20Z0is penetration level would

reduce carbon dioxide emissions by over 4 million metric tonnesgaeraynd save

enough natural gas to generagarlyl5 million MWh of electricityi equivalent to the

electricity consumption d? million California residences.

I. FUEL CELLS: TECHNOLOGY AND GENERAL ATTRIBUTES

For the reader unfamiliar with fuel cellsttachment Aprovides a foupage introduction
to fuel cell technology Attachment A describes the basic operation of a fuel cell, the
fundamental differences between flve major fuel cell types, and a number of the
general attributes of fuel cellsed in stationary applications.

[I. DESCRIPTION OF BENEFIT -COST ANALYSIS METHODOLOGY

A. BENEFIT -COST TESTS

Eachof the threebenefitcost test performed as part of this stuldgs its own purpose,

and each evaluates the benefits and costs of acparjerogram from a different

perspective. The Participant Test measures the benefits and costs from the perspective of

the individual participant, that typically being the individual or compangingthe

project orparticipating in thgorogram. The Raepayer | mpact Measure (N
measures the benefits and costs of a project or program from the perspective of utility

ratepayers. The Societal Test is the broadest of the three fmarstfiests, measuring the

benefits and costs of a project or gmam from a societal perspective.

While all three tests measure benefits and costs over the life of a project, the Societal Test
uses a lower (societal) discount rate than the discount rate used from the Participant Test
and the RIM Test. The lower so@édiscount rate is intended to reflect the fact that

society usually takes a longer term perspective than do individual investors or ratepayers.
Because all benefits and costs are discounted before the fmasefiatio is calculated for

each test, thre is no relative advantage or disadvantagéuelrcell productghat are
commercially available today verspsductsthat are still under development. A more
detailed discussion of each benefitst test will be provided below.

B. DATA USED IN BENEFIT -COST ANALYSIS
The participating fuel cell manufacturers provided detailed cost and performance data for

commercially available products and projected cost and performance data for products
that are currently under developmeatiotal of nine separateel cell productswere
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included in the benefitost analysisfour of the fuel cellproductsare commercially

available today and all are projected to be commercially available within théhresxt

to-ten years. Data provided by the fuel cell manufaetuwas supplemented with benefit

and cost data obtained from a brdmased literature reviewA separate benefitost ratio

was calculated for each product for eachinvestoyned uti ity A(I OUO) fr
Californiafor each of the three benefiost tests identified above.

CPUGapproved natural gas and electricity tariff rates in effect as of the end of February,
2008, were used in the benefist analysis for each tdst each of the I0Us included in

the studyj.e., PG&E, SDG&E, SCE,rad SoCal Gas. Natural gas and electricity tariff
rates through 2030 were escalated using the average annual rate oficltasge
projectedfor each IOUnNn a major study and supporting analysis done for the CPUC by
Energy and Environmental Economics;.INSeeE3 Avoided Cost Study and Updated

E3 Electric Avoided Costs WorkbookBecause the E3 Avoided Cost Study includes

cost projections only through the year @0@vriff ratesfor the period from 2032042
wereassumed in this study to escalaté®o per year. The E3 Avoided Cost Study also
includes calculated marginal costs for transmission and distribution, for electricity
generation, and for natural gas supplies for each of the IOUs through 2030. As was the
case with IOU natural gas and electgdariff rates, IOU marginal costs beyond 2030
were assumed to escalate i 2er year.

Most largestationary fuel cells operating as baseload electricity generators are fueled

with natural gas and collettiewaste heato cogenerate steam or hot watelowever,

suchfuel cells may also operate on renewable fuel and there may be cases where there is

no on-siteuse for the waste heat. Therefdres study assesséour possible

combinations of fuel and operating mode for each of the nine fugiroelictsincluded

in the analysis in order to createosa fispanni
tests. The four combinations of fuel and operating mode are as follows:

Natural Gas + No Cogeneration
Natural Gas + Cogeneration Mode
Renewable Fuet No Cogeneration
Renewable Fuel + Cogeneration Mode.

The enewablduel considered in this study @aerobic digester gatypically derived
from wastewater treatment plants, laridfiend manure collection ponds. Use of such
digester gasequires renoval of impurities and compression beftite gaan be used in
a fuel cell. The need for anfint cleanup skid adds capital costs ranging from $250
1000/kW of installed fuel cell capacity for fuel cells operating on renewable fuel.
Additional annal O&M costs associated with the-frpnt cleanup skid are assumed to
be 26 of the additional capital costs. An electrical efficiency loss%iincluded to
reflect the larger volume of (lower Btd)gester gathat must pass througimyfuel cell
opeating on renewable fuél.

1 This efficiency loss does not apply to molten carberiiael cells because the carbon dioxide in the
digester gas actually enhances the carbelnated electrochemistry and offsets any efficiency loss.

© National Fuel Cell Research Center 10



Another item that must be considered in the bemelt analysis with respect to

renewable fuel is the cost of thgester gas asompared to the cost of the natural gas

that would otherwise be used by the fuel cell. Thelt®puesented in Figurz(above

and in Figure 3 (belowgssume thadigester gass valued at 1o f t he wuti |l i tyds
cost of natural gas. This assumption recognizes that there may be@opeitionfor

renewable fuel, and is more conservativentbianply assuming thaligester gasgs a cost

free fuel that would otherwise be flared. In addition, becdigester gaproduction

depends on a number of uncontrollable factors such as ambient temperature and waste
composition, a fuel cell project mag@d to maintain a portion of its natural gas supply

and delivery under contract in the event that there is insuffidigaster gas availabb

any given time to maintain fuel cell operations. The results presented ind2gamd 3

assume that naturghs is available to replace up t@d6ft he pr oj ect 6s annual
renewable fuel requirements.

Almost all stationary fuel cells generating baseload electricity operate in cogeneration
mode because the capture andise of waste heat significantly improvesa oj ect 6 s
economics. Thus, cogeneration mode is considered to be the base case in thedsénefit
tests performed in this study. Fuel cells not operating in cogeneration mode are assumed
to have $7aL70/kW less in ugront capital costs and reduced aahO&M costs equal

to 2% of the reduced ufront capital costs.

Once the discounted benefibst ratios for each fuel cgdtoduct each IOU, and each

fuel and operating mode combination were calculated, a capacity weayldsabe

benefitcost ratio forall productsacross all utility franchise areas was calculated for each

test and for each fuel and operating mode combination. The ultimate calculation of a
capacity weightedverage benefitost ratio was deemed necessary in order to maintain
theconfk nt i al ity of each manufactureroés dat a.

C. RESULTS OF BENEFIT-COST ANALYSIS

Capacity weighte@verage benefitost ratios were calculated both with and without the
benefit of SGIP funding. Figui@(below)shows the weightedverage benefitost
ratiosassuming no SGIP fundinghereas the previously presentgdure 2 shwedthe
weightedaverage benefitost ratios with SGIP funding included. In each case, the
spanning scenarios are reflected in a similar manner:

e The lower left quadrant of Figuis@ and 3 represents the results of each

weightedaverage benefct o st t est for the ANatur al Gas
and operating mode combination; the upper left quadrant represents the results
for the ANatur al Gas + Cogeneration Mode

o Similarly, the lower right quadrant of Figus@ and3 represents the results of
each weighteéverage benefit o st t est for the fiRenewabl €
Cogenerationodo combination, and the upper
for the ARenewallionF Molde® Cogndnerati on.
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e Actual capacity weightedverage benefitost ratios for each fuel and operating
mode combination are associated with a specific shape for ease of interpretation:

T Participant Test benefdost ratios are shown within a diamond

T RIM Test beneficost ratios are shown within an oval

T Societal Test benefitost ratios are shown within a cross.

e Concentric circles provide a quick reference of the relative value for each of the
weightedaverage benefitost ratios, as indicated along theseof each
quadrant.

T A benefitcost ratio less than 1.0 would be located within the white
portion of the quadrant for any given fuel and operating mode
combination.

T A benefitcost ratio greater than 1.0 would be located in the green portion
of each quadra for any given fuel and operating mode combination.

Benefit:Cost Ratios for Fuel Cell Baseload Electricity Generation
in California, without SGIP Funding

Cogen| Mode
1.5

Natural 15 Renewable
Gas Fuel
1.5
No Cogen R3 312412008

@ = Participant Test @ = Ratepayer Impact Test [E::l= Societal Test

Figure 3. WeightedAverage BenefitCost Ratios without SGIP Funding

The results in Figur8 clearly show that stationary fuel cells in California have the
greatest weigied-average benefitost ratio when they are operating in cogeneration
mode using renewable fuel. Fuel cells operating on natural gas in cogeneration mode

© National Fuel Cell Research Center 12



have a weightedverage benefitost ratio of 0.87 for the Participant Test and 1.29 for

the SocietaTest assuming no SGIP ratepayanded incentives Fuel cells operating on
natural gas without cogeneration have more limited benefits, as shown in the associated
benefitcost ratios. Typical benefttost ratios for the RIM Test ranged from G@99,
againassuming no SGIP incentives.

Figure2 (presented earlier) shovasw each of the weightealerage benefitost ratio
changesvhen SGIP funding for fuel cell projedssincluded in the analysis. Of note:

e For each fuel and operating mode combimgttbe beneficost ratio for the
Participant Test increases as SGIP funding is provided to the participant.

T Note that the SGIP funding almost brings the betoef#t ratio for the
Participant Test to 1.0, as intended. Including the benefits of the federa
Investment Tax Credit would move that benebst ratio into the green
area in most cases.

e Conversely, the benefttost ratio for the RIM Test decreases since the SGIP
funding is provided by the utility ratepayers.

¢ No changes result under the Societas$f] since the SGIP funding is seen as an
intrarsocietal transfer that has no net impact from a societal perspective.

The sections below explain the results of each of the weigiieichge benefitost ratios
in greater detail, to provide the reader vathintuitive understanding of the calculated
outcomes.

D. PARTICIPANT TEST
The participanti.e., investor)in a fuel cell project will avoid having to pay electric utility

energy and demand rates to the extent that onsite electricity is generatedusy tell.
With respect to the natural gas utility:

e To the extent that the fuel <cell oper ates
to the natural gas utility will increase for the natural gas required to run the fuel
cell.

o Ifthefuelcelloper&s on renewable fuel, the partici

natural gas utility will increase only to the extent that natural gas is required to
supplement the renewable fuel. The (opportunity) cost of the renewable fuel can
range from cosfree to 1006 of the cost of utilitysupplied natural gas.

¢ If the fuel cell operates in cogeneration mode (regardless of fuel), the amount of
natural gas required by esite boilers will be reduced in proportion to the amount
of useful waste heat.

In the Participant Testhé annual difference between reduced payments to the electric

utility and increased payments to the natural gas utility is compared to all of the costs and
financi al of fsets associated withfronthe f uel C
capitalcost, annual O&M costs, and investment incentives and tax credits. The-benefit

© National Fuel Cell Research Center 13



cost ratio iIis calculated as the ratio of the
costs over the life of the project, using@minaldiscount rate of 8%.”

E. RIM TEST

The RIM Test reflects the (discounted) aggregate net change in revenues and marginal
costsfrom the perspective of the electric and/or natural gas ualifgcted by the fuel
cell project.

The RIM Test refl ects t hdaetecthe®rsiterlecticityit i | it
generated by the fuel cel | . Whereas the
marginal costs of transmission and distribution and of electricity generation. Note that
the reducti on irevenuds s indeperdent of whetheutheifelicdlly 6 s
operates on natural gas or renewable fuel, since electricity is generated by the fuel cell in
either case.

D <
- o
(7))

Conversely, the natural gas utility benefits from higher revenues only (i) if the fuel cell

operats on natural gas or (ii) to the extent that natural gas is required to supplement the

fuel cell 6s renewabl e fuel use. However, th
costs to procure and transport whatever additional natural gas is requiredfbgl cell.

The greater the extent to which the fuel cell operates solely on renewable fuel, the lesser

the increase in the natural gas wutilityods re
the natur al gas ut il i ginalcssts wilkbe eeducedis and assoc
proportion to the amount of useful waste heat that is captured if the fuel cell operates in
cogeneration mode on any fdel.

Changes (up or down) in utility revenues and utility marginal costs are captured in the

RIM Test; raepayeffunded incentives and program administration costs are also

included as utility costs. It is primarily the difference between each of the affected
utilityds (average cost) regulated tariff ra
togros® percentage, that det er mi-costratioforaey v al ue
given project in any given utility franchise afe@he benefitcost ratio is calculated as

the net present value of each yjechusiigean benef i t
8.%% annual discount rate.

7~

2 For the nine fuel cell projects included in this beredist analysis, project life ranged from 1526
years.

® This assumes that the useful waste heat that is captured is being used to displace heat from a-natural gas
fired boiler, rather than from an electrical chiller.

“The -hgerbssoOd percentage i s a meaaunalgasloadfwouddave t he ut i | i
changed even in the absence of an incentive program. If no other empirical data are available, the standard
netto-gross percentage used in California is 85%. The implication is that 15% of the load shift (up or

down) woull have occurred even withoutaratepadyar nded i ncenti ve progr am. Ther
revenue impact (positive or negative) due to the incentive program is not 100% of the revenue impact of

the load shift, but is rather only the 85% of the loadt $hit can be attributed to the incentive program.
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F. SOCIETAL TEST

The Societal Test in effect combines the benefits and costs from the Participant Test and
the RIM Test, but excludes investment incentives and tax credits because these items are
a washi(e., zeio out) from a societal perspectivin addition, he value of externalitiés
considered in neither the Participant Test nor the RIMiT®skplicitly included in the

Societal Test The analysis underlying the waterfall chart in Figliie used to deterime

the value of thosexternalitiesi(e., project attributesfo be included in the Societal Test

for each individual fuel cepproductand for each fuel and operating mode combination.
Quantified values for the following externalities were includethenSocietal Test

benefitcost ratio calculations:

Value of Avoided Emissions

Value of Related Health Benefits

Value of Avoided Fossil Fuel as a Price Hedge

Value of Grid Support

Value of Increased Reliability, Blackout Avoidance and Improved PowertQuali
Value of Job Creation Potential.

As was the case in the RIM Test, actual I ncr
payments to the natural gas or electric utility by the investor are fully included in the

Societal Test. However, the actual impacthafse revenue changes on the natural gas

and/ or electric util i ttorgrioss sroe dpuecrecde nbtya gaep ptloy i
revenues and marginal costs to reflect the fact that a certain percentage of the load shift
attributable to fuel cells wddi have occurred even in the absence of a rateffagded

incentive program. The benetibst ratio for the Societal Test is calculated as the ratio of

the net present value of each yeards benefit
societaldiscount rate of 5%.

G. COST OF AVOIDED EMIS SIONS

The first step in calculating the Value of Avoided Emissions for inclusion in the Societal

Test was to determine tla@nualphysical units of avoided emissions for each fuel cell

productas comparetb the average California natural gfagd fleet of electricity

generator§. Calculation of physicalnits of avoidedmissions was performed for

several types of emissions, includioga r b o n €. )KD,,dSE), cérlion

mo n o x C@e¢particlilatematterandv ol at i | e or g&@G9 compounds

® Note that the valuef manyof the distributed value elements includedrin g u rwaterfalléclsari(e.g.,

avoided generation capital and O&M costs}aptured in the utility tariffs and marginalats underlying
the Participant Test and the RIM Test avoid double counting, only the value of those distributed value
elements not already captured in the Participant Test and the RIM Test is included in the Societal Test.

® Additional detail on tk calculation of the Value of Avoided Emissions is provided below in Section IV
F.
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To calculate the cost per unit of avoided emissionsatinealavoided physical
emissiondor each fuel cell product were multiplied by the projdetand therdivided
by the net present valfeii N Pof© h e p rtotalj cests,tindlieding initiatapitalcost,
stack change out costmdlifetime O&M costs’

Similar to the benefitost ratio calculations, the cost of avoided emissions for each of the
ninefuel cell productsvas aggregated into a cajg weightedaverage cost measure to

maintain the confidentiality gfroductspecific dat&. The following resultsvere

calculatedassuming that 3® of theNPV ofthep r o] e ct 0 sasassignelto cost s w
avoidedCO, emissionsaand50% to cumulativeavoided NOy, SQ,, CO, VOC and

particulate matteemissions.

e The weighteehverageNPV cost of avoided C@emissions wasi®2metric
toonef or Anatur al gas +73dmcegictonet at i ®mamodea o
gas + no cogeneration. o

e For renewable fuel, the wghtedaverageNPV cost of avoided C@emissions
was #.30metrictonnewith cogeneration andd¥ Ymetrictonne without
cogeneration.

e The weighteeaverageNPV cost of avoided N@Q SQ,, CO, VOC and particulate
matteremissionswasZly pound f or+ ficnoagteunrearla tgiaosn mode 0
$25 pound for fAnatural gas + no cogenerat.i

e For renewable fuel, the weightaderageNPV cost of avoided NQ SQ,, CO,

VOC and particulate mattemissions wasX&/pound with cogeneration and
$15/pound without cogeneration.

As noted, these results are based on a comparisemisegions from fuel cells generating
baseload electricity in California aagerage emissions from the existingstate natural
gasfired generating fleet Additional efforts are underway to calcul#te costs per unit
of avoided emission®r fuel cells when compared tew, technologygpecific projects.

H. BENEFIT -COST CONCLUSIONS

The societal benefits of stationary fuel cells generating baseload electricity outweigh the
societal costs for each ofeliour spanning scenariase(, fuel and operating modes)
examined in this benefitost analysis. As illustrated in Figsi2and3, this holds true

with or without SGIP funding. However, the SGIP funding remains important from an

i nvest or Oasseen iretheshoftiofnthte penefitst ratio for the Participant Test

" The NPV was calculated using the nominal discount rate of 8.5% that was also used to calculate the
benefitcost ratios for the Participant Test and the RIM Test.

8 Note that the cost of avoided g€missions is expressed in $/metric tonne. A metric tonne (or, more
formally, a fAimegagramod) is 1000 kil ograms. At the ec
heavier than the 2000 pound ton commonly useddants. Therefore, to obtain the cost of avoided CO

emissions in $/ton, simply divide the cost in $/metric tonne by 1.1025,
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from less than 1.0 in Figu®tonearly1.0 n Fi gure 2 for the most c
+ cogenerati on mo dandquadaet)n Asrexplainef abpve,¢he | ef t
federal TC has provided the final pushtowardseedt f ect i veness from t he
perspective.

The RIM Test benefitost ratio moves counter to the Participant Test beoesit ratio

since the SGIP funding is provided by the ratepayers to the fuel cgtpmvestors.

The RIM Test reflects the ratepayersd perspe
revenues and marginal costs. To the extent that the ratepayers and the society are one

and the same, the results of the RIM Test must be consideredjumction with the

results of the Societal Test. In California, IOU ratepayers represent ovéritd® of the

stateds totlandoverthee¢ bur thsyofisehe stBteds tot a
Therefore, the substantial benefits refleatethe Societal Test accrue predominantly to

those ratepayers providing SGIP funding and
remaining electricity and natural gas deliveries.

In terms of the cost of avoided emissions, fuel cells redugee@@sions ta weighted
averageNPV cost of #30-737/metrictonneandcumulativeNOy, SQ,, CO, VOC and
particulate matteemissions at a weightealzerageNPV cost of $3-25pound, depending
on the underlying fuel and operating mode combination.

IV. INTRODUCTION TO AVOIDED COST VALUATION METHODOLOGY

This sectionwill describe the details and assumptions behinaémes per kWh

( A cent avoitewtosvaluesderivedi n t h eUp df Bistiibuted Fuel Cell

Val ue i n watarfalican as ilusteatedabove in Figure 1 Some of the

avoided costs are quantified based on observable market @gigigsnent, service, and

other relevant factor@nd some are quantified based values that are derived from a
broadbased literature searclkor the benefit of theeader, descriptions of the underlying
assumptions are provided below for each calculated cents/kWh value range, starting at
the bottom of the waterfall, continuing up through each value range toward the top of the
waterfall.

Thecategoriesf avoided cos quantifiedin Figure 1relate to a number of smlled

Adi stribut edovwah ue hatdribeegnef digtributed generation

technolog vis-avis a central generating platievaluesderived in this study are

specific to distributed fuadells Distributed value elements atategorized abeing

Political, Locational Environmental Antidotal Security-related or Efficiency-related"*

Taking the first letter of each categotyei PLEASEO matri x i s devel op:¢
the potentialdistributed value elements in each category, as shown in AttacBméitte

° SeeCPUC, fAnnual Report 2007,0 p. 17.
“ seeCal i fornia Gas Utilities, fA2006 California Gas Ref

" The PLEAE Matrix was first presented on April 13, 2005, in testimony before the CPUC on behalf of
the Americans for Solar Power by Lori Smith Schell, Ph.D. in proceeding(3-0487.

© National Fuel Cell Research Center 17



guantifiedvalues inFigure lare not aHinclusive, and do nahcludemany of the

distributed value elements identified in the PLEASE matfikosedistributed value
elementghatarefeaturelinthen Bu-Up dof Fuel Cel | wateddlue i n Cal
chart are marked with an asterisk ¢f) the PLEASE matrix in AttachmeBt

The 1uel cellsbeing considered in this analysigerate aa baseload distributed
generation technologygenerating electricity through an electrochemical process rather
than through combustion. The resultant lo@€&r emissions have the potential to make
a significant contribution to achievingduced GHG emissions goals under AB82el
cells are alsossentially free of particulates and unburned hydrocartarshave very

low NOy and SQ emissions (both of which are acw@in pollutantsthat contribute to
secondary particulate formatipn

As a baseload technologyaluingthe avoided costassociateavith the deployment of
fuel cellsmust bebased ora comparison witlthe avoidedbaseload central station
electricity generation technologgrving California customers

e For baseload central stations located in Califgrmiany ofthe avoided costs are
derivedfrom thenatural gas combined cycle parameters that the CPUC defined
as the 2006 Mar ket Pri cieitsReséltian&nt ( A MPRO
4049 Additional avoided costs specific to California are taken ftoenE3
Avoided Cost Study.
e For baselad central stations located outside of California serving California
markets, avoided costs are based-@poweringexistingcoatfired generators

based on the assumption that Californiad
requirements will result ino new coafired generatorbeing built to serve
Californiads .OlespttieciCay i demané&dds pendin

on coadfired electricity imports purchased under letegm contracts, it is
anticipated that a si gniteflelectaciytwillpor ti on o
continue to be from codired generation, albeit purchased under shent or

spot market contracts.

Avoided costs related to these two baseload generation technologies establish the range

of values for each of the distributed vakiéd e ment s i ncl-Ugplofed i n the @B
Di stributed Fuel Cldé dumulatavé range of value@Gsacdlculdtenlr ni a . 0
to be6.6-20.5cents/kWh for fuel cellsurrentlyinstalled in California, with the value

expected to increasggnificantlyovertime as theenetratiorof fuel cells throughout the

state increases.

A. AVOIDED GENERATION C OSTS

The avoided generation cesticlude separate estimates for avoided capacity costs and
avoided energy/generation costs.

Capacity Fuel cells achieveheir highestlectrical efficiencywhen operated as a
baseload electricity generating technology. Fuel celtsently operatingn California
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haveanestimatecannual capacity factor of 24, andalso have high availability during
periods of peak electridemand. $eeltron, SGIP Fourth Year Impact Repopp. 815.)

Value of Avoided Generation Capacity Capital Cosfi The range othe Value of

Avoided Generation Capacity Capital Cost is calculated here based on the annualized
capacity value of eepoweed subcriticapulverized coal generat@ow end of range)

and a combined cycle natural gagsd generator (high end of rangejhe avoided
capacitycapitalcostis calculated athe annual capacity charge rate (15% from Deke,
al., p. 9) times the %:mal cost for the technology{70 per kWyr for repowering a
baseload coal plant,and$980per kWtyr for acombined cycle gas generafor the

CPUC 2006 MPR proxy plant

Value of Avoided Generation Capacity Fixed Operation & Maintenance fO&M 0)
Cog 1 Thisis an additional avoided capacity cost, with an unadjusted range of
$13.94kW-yr for a combineetycle gas turbine andl®.60kW-yr for arepowered
baseload coal generataerived from the same sources as above.

However electrical gridpeak bads are predominantly driven by air conditioning demand

on sunny days. The capacity credit (avoided cos@rigrdistributed generation

technologyshould be setbasedontnd f ect i ve | oa dELC@)ofrithati ng capa:
technologyat a certain areaithin the system. The ELCC is the capacity of any

electricity generator, whethdrstributedor conventional, to contribute effectively to a
utilityds capaci (SgeHdarigp.theet i ts peak | oad.

Based on the performance of fuel cells particngatn the SGIPtheaverageELCC for

fuel cells in California i93%. (Seeltron, SGIP Fourth Year Impact Repoph. 815.)
Although the fuel cells in this studperate as haseloadechnology, their oqpeak
performance effectively reduces peak loaé tb their distributed naturd.herefore, a

93% ELCC s used tadjust both the Avoided Generation Capacity Capital Cost and the
Avoided Generation Capacity Fixed O&M Co#ote that br any givenfuel cell

project, the capacityelated avoided costs ehld reflect the localized system average
ELCC.

To recognize the dispersion value of distribuigel cells the generatiomelated avoided
capacity costhave beemultiplied by 1.14, the California electric generation reserve
margin that is not applieid distributed generatioprojects.

To convert $/kWyr capacity values to cents/kWh, it is necessary to divide the-$ikwW
capacity value by the number of hours per year during whigklaell project is
expected to generate electricity; this numietarived from the annual capacity factor

2 The repoweringelated capital and O&M costs used in this analysis are defigen repowering costs

used by the U.S. Environmental Protection Agency (AEF
Model (Exhibit 42 1) . EPAO6s repowering costs are inflated to
applicable costs from: () U.S.pear t ment of Energy, Energy I nformation

Assumptions to the Annual Energy Outl oo#®)f2®d07 (AAEO °
new conventional pulverized coal plant. Application of such a ratio is necessary bedadee& hot
include cost estimates for repowering in its Assumptions to the AEO 2007.
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for fuel cells With 91% beingthe averageannual capacity factdor fuel cellsin
California, there ar&,972hours of expectefiliel cellgeneration per year.¢., 8760
hours/year x 0.91 The resultant Valuef Avoided Generation Capacity Capital Cost is
0.17%0.231 cents/kWh.

Energy/Generation Energy should be valued at the avoided-temk cost on at least an
hourly basis. Avoided energy/generation costs include the avoided casttl
generating sttion fuelandthe central statioavoided variable O&M costs.

Value of Avoided Generation Variable O&M Cost- TheValue of AvoidedGeneration
Variable O&MCost rangeof 0-0.25 cents/kWlis determined byhe 2006 MPR proxy
planton the low side anly theadjusted EPA repowering costs the high side, with the
Value ofAvoidedWaterUse subtracted out as a separate varihidlieses an upper limit
on theavoidedvariable O&M cost, as discussed below.

Value of Avoided Generation Fuel Cost’ Although nost fuel cells use natural gas to
fuel the chemical reaction through which the fuel cell generates elegthimtycells have
a higher electrical efficiency than the average California naturdirgaisgeneratar
Thus, thevalue ofAvoided Generation Fel Cost in this analysieflects this efficiency
gain forfuel cells that rely on natural gak addition fuel cells may also be fueled with
waste hydrogen from industrial processigester gas from landfills, waste water

treat ment pldeamdwabloed og dgemeratdd btheseBukleetist r i ci t vy

contributes to th&alue ofAvoided Generation Fuel Coist proportion tatherenewable

share of total installed fuel cell capacity in Califorraa described belowSimilarly, the
proportionof fuel cells that capture waste heat that is used to displace steam or hot water
productionfrom a naturafjasfired boileralso contributes to théalue of Avoided

Generation Fuel Cost, as described below.

The Avoided Generation Capaci@pstparametes described above serve as a starting
point for calculating the Avoided Generation Fuel Cost for fuel célle range of the
avoided costof central station generating fuel is set bydkeidedbaseload coal
generation plant on the low side and bydkerage Californiavoidednatural gadired
plant on the high sid€.

The range of avoided natural gas prices is based on the range of daily settlement prices
for promptmonth natural gas futures contract prices oriNee York Mercantile
Exchange &JfSincéBedeginning of calendar year 2004, this range has been

13 With respect to the avoided natural gas plant, the naturdirgds2006 MPR proxy plant is used as a
point of comparison only for avoided capital capacity costsaanitied O&M costs; the average California
avoided natural gafired plant is used as a point of comparison for all other calculations.

“ The term Aprompt montho refers to the earliest
of futures contracts for any given delivery month ends prior to the end of immediately previous month.
Therefore, ft he -Aprlwaouldbe May butbithe endrof April, dfter trading for the

May futures contract closes, the prompt month becomes Jun

© National Fuel Cell Research Center 20

mo nt



$4.2015.40/MMBtu, for natural gas located at the Henry Hub, onshore LouiSiaHae
NYMEX natural gas pricés converted to cents per kWiy multiplying it times the
range of heat ratessumed fo(i) theaverage California avoided natural gaesd plant
(i.e., 8,0879,100Btu/kWh)'® and (i) the average fuel celld., 8,0608,343 Btu/kWh).

The range of avoided coal prices is based on the monthly national average cost of coal
delivered to electric utilities, as reported on FERC Form 423. Since the beginning of
2004, this monthly average coal price has ranged from 91727MMBtu. (SeeElIA,

November 19, 20Q6Table 4.2.)The coal price is converted to cents per kWh by

multiplying it times the range of heat rates assumed for the baseload coal generation plant
(i.e., 8,84410,875 Btu/kWh).

The Avoided Generation Fuel Cost values calculated using the above methodology yields
a range of 1.1:2.86 cents/kWh for coal argl40-14.01centskWh for natural gagbut

only if the avoided natural gdsed generation was 100% avoided). However, since only
30% of al |l installed fuel cel | capacity in C
digester gas instead of natural gas, the Avoided Geoeratiel Cost attributed to fuel

cells in this analysis is only 30% of the absolute range of vdlee$).344.20

cents/kWHh'" The higher efficiency of fuel cellsontributes an additional01-0.82

cents/kWh to thévoided Generation Fuel Cost forode 70% of Californiafuel cells

assumed to beperating on natural ga3.he avoided coal pricef 0.34 cents/kWlisets

the lower end of the range, and ttembinedavoided natural gas pricé 5.02 cents/kWh

sets the upper end of the rarigethe electrieonly Avoided Generation Fuel Cose.,

prior to recognition of the Cogen(eration) Credits explained below, the

Cogen(eration) Credit adds another 02@1 cents/kWh of Value of Avoided Generation
Fuel Cost, making the total Value of Avoided Generakoael Cost 1.28.03 cents/kWh.

Value of Avoided Fossil Fuelas aPrice Hedgei Fossil fuel price volatility camwreak
havoc with personal and corporate budgets. Fossil fuel input @natdicded byfuel cells
usng renewable fuel and/or using captuveakte heattherefore, provides a type of price
hedging mechanism that protects electricity consumers from unpredidssilduel

price volatility.

The range of estimatdsr the Value of Avoided Fossil Fuel as a Price Heddesed on
applying the kat rate engboints of8,087Btu/kwWh and 10,875 Btu/kWh (discussed
above) to the estimates derived by Bolingtrl. (January 2004p. 8). As was the case
for the Avoided Generation Fuel Cost, the attributed Valukvoided Fossil Fuels a

5 No cost adjustment has been made to reflect the value of transportation from the Henry Hub to
California, since this transportation value (known as:¢
may be either positive or negative.

% The average California avoided natural-§jiesd plant had a fiverear weighteeaverage heat rate for
2001-2005 that was approximately 21% less efficient than that of the 2006 proxy plant, based-on state
specific electricity generation and fuel consumptiafues as reported by EIA (June 2007; March 2007c).
" Jtis assumed that all power generated fuel cells using such renewable fuel will continue to be used on
site, as is currently the case.
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PriceHedge reflectan partthe 30% of total California fuel cell capacity that is assumed
to operate usingenewablaligester gas rather than natural gas. élketriconly hedge
valuerange of 0.020.36 cents/kWhattributed to theseenewable fuebased fuel céd
reflects the fact that thegenerateelectricity require no fossil fuel input, thereby
avoiding the financial impact of fossil fuel price volatilig.g, budget uncertainty,
uneconomic projects)Similarly, n additionalValue of Avoided Fossil Fel as a Price
Hedge of 0.34.60 cents/kWh is attributed to the%6@f total California fuel cell
capacity that captures waste heat for cogeneratioe@ntined cooling, heating, and
power (i CCHP ¢therelymywiting maural gasnnput to tieided boiler.
Combined, these two components have a total hedge value range-6fdB3®@nts/kWh.

B. AVOIDED WATER USE

Value of Avoided Water Usei Some fuel celleonsumevater for theslectrachemical
reactionthan generates electriciandfor thewater purification required to meet fuel cell
input requirement$® Otherfuel cells either produce a net output of watense no

water during normal operatisnand only a nominal amount during startup and shutdown.

The Value of Avoided Water Use thelectricity generated by fuel cells provides is
calculated based on avoided water consumption relative to a central station generating
station. Thecombined cycle, natural gdised 2006 MPR proxy plant uses dry cooling;

CEC data for a similar plant inchtes thaOnlg/0.0Z gallons of raw water are required per
kWh of generation (CEQApril 2006, p. 36)° The existing fleet of baseload coal
generators serving California is assumed to use closed recirculating cooling, which
requires 1.12 gallons of raw tea per kWh of generation @tionalEnergyTechnology
Labor at or yAuguat2065Tp. G8J° These values compare to an estimated
rangeof raw watemuseper kWh for fuel cellof 0-0.17 gallons These values indicate
thateven the minimal water usg the drycooled proxy planinay be avoided by fuel

cells, and thathe avoided water use compared to the baseload coal plant is significant at
0.9 gallons per kWh. The range of water costs applied to the avoidetiredatentral
station water use i0$%657$3.636 per hundred cubic feet of metered water, based on
tariff rates as of March 2007 for Class A water companies located throughout California.

The calculated (unadjusted) range of Value of Avoided Water Use(0$-0.961
cents/kWh.However, sige the cost of water usage is typically included in the Value of
Avoided Generation Variable O&M CoStthe (adjusted) Value of Avoided Water Use

8 This water, as well as other water generated by somedils] may be recovered and used for-non
potable purposes such as irrigation.

19 All water usage quantities have been adjusted by a scaling factor such that the underlying plant size is
500 MW, which is the size of the 2006 proxy plant.

% The CECdry-cooled water usage for a natural gas combined cycle plant represents a 95% reduction
from the NETL recirculating cooling water usage for a similar plant. This is in line with the 90% reduction
discussed in the Marehpril 2002 University of Arizona pllication Arizona Water Resource

2L SeeCEC, online fiCalifornia Distributed Energy Resour
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cannot exceed the Value of the Avoided Generation Variable O&M Cost. In our study,
the (adjusted) Value of Arded Water Use of 0.60.26 cents/kWh has been subtracted
from the values derived in the Value of Avoided Generation Variable O&M Cost
category to avoid double counting.

Note that he Value of Avoided Water Use varies significantly depending on localtion.
addition, commercial prices for water will underestimate the Value of Avoided Water
Use to the extent that those prices do not fully reflect the societal cost of the water used

C. AVOIDED TRANSMISSION & DISTRIBUTION COSTS

Because fuel cells adistributedenergy resources that are typically located close to the

point of use, fuel celleequire muchless r ans mi ssi on T&ba@) di stri buti
infrastructureghandoesconventional centratationgeneration The value of avoided

T&D is very much @pendent on location and on the adequacy of T&D infrastructure

relative to load growth in that locatiofruel celi nst al | ati ons i n fAl oad p
transmission capacity is constrained will provide maximum value. The same applies to

areas located whin a constrained distribution grid, or in a new housing development

where marginal investment can be directly avoided.

Avoided transmission costs are separate and distinct from avoided distribution costs; both
are taken fronthe E3 Avoided Cost Stugdgnd have beefi) adjusted to reflect the
assume®3% California average ELCGf fuel cells in Californiaand(ii) converted to
cents/kWh using the assum@tPo annualfuel cell capacity factor.The ELCC is applied

here (as it was earlier) on the assumpti@at theon-peak performancef baseload fuel
cellseffectively reducepeak load due to the distributed nature of those fuel cells.

Value of Avoided Transmission Cost The (adjusted) Value of Avoided Transmission
Costranges from a low of 0.01 cerkg/h intotheservice territoryof Pacific Gas &

El ect r i ctoé&liigh & &Fcdnts/kWh intbeservice territoryof Southern
California .Edison (ASCEO?)

Value of Avoided Distribution Costi The (adjusted) Value of Avoided Distribution
Costrangedrom a low of 0.6 cents’kkWh n t he Domi nguez Hill s ar e:
service territoryto a high of M7 cents/kWhwithin the service territoryof San Diego Gas

& EIl ect r i c Whem 8bided ED fosts for a specific area are combined, the
minimumva |l ue of 0. 11 cents/ kWh occurs in the Ea
territory, and the maximum valueof0d ent s/ kWh occurs within SDG
territory.

Value of Avoided Losses This category of avoided castcounts for the fact that
distributed generation from fuel cells does have topass through the electrical grid and
thus does not incur treessociated T&Dine losses. This means that 6% less electricity
has to be generated by central generating stations, wetj@valent percenga
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reduction in generatierelatedcapacityrequirementsO&M costs, fuel input, and
emissionoutput®

Value of Grid Support i The estimated Value of Grid Support reflects the avoided
ancillary services costs associated with the electricity load dexgplay fuel cell

generation. The value is based on 2.84% of the ran@gmadjustedAvoided

Generation Fuel Cassince fuel cost is assumed to be a major driver of wholesale
electricity prices in California. Note thai84% is the same value that tB8 Avoided

Cost Study applies to the avoided market price of electricity to estimate avoided ancillary
services (pp. 14847).

Value of Improved Reliability and Blackout Avoidancei Electricity generated by
distributed fuel cells reduces the amount oteleity generated at central stations that
must pass through the electric grid, thereby relieving potential overloading of many grid
componentsd.g, transformers). To the extent that reduced overloading reduces the
likelihood of load loss, distributefdiel cells have additional value iimproved grid

reliability and blackouawvoidance

The calculated/alue of Improved Reliability and Blackout Avoidanioe distributed
fuel cells in California is based a@he following fivefactors:

The percentage¢fhe st ateds popul ation affected b
The duration of a blackout

Thepenetratiorof distributed fuel cell$®

Californiads daily p(eitGS8@pButrogateGr oss St at
measure of the direct costs of a blackout.

e An assumption thanhdirect costs related to a blackout are 60% as large as the

direct costs*

Thecurrentcalculated range dhe Valueof Improved Reliability and Blackout
Avoidanceis 0.0020.192 cents/kWhusing 2005 values for GSP and fuel cell
penetratiotf®> The lowerend of the range is based on-hdur blackout that affects %

22 This value aproximates the 5.52% volunveeighted averagef@€al i f or ni a 6-swnddhr ee i nves:t
utilities as agreed to by Working Group for use€B07market price benchmadalculation (CPUC,
January 25, 2007, p.7).

% The penetration of distributed fuel cells is calculated as the ratio e¢éllajenerated MWh to total
California retail electricity sales in MWh. For 2006, this ratio waisreged to be 0.04%.

| CF Consulting, Summer 2003, estimates fAAggregate |
Costso in its modeling of AEconomic Costs of a Simul e

% The Value of Increased RelialjliPower Quality/Blackout Avoidance of <0.@124 cents/kWh shown

in theUpABoufi Iduel Cell Valwue in Californiad waterfall
Value of Increased Reliability and Blackout Avoidance with the Value of Increased Puatty

(discussed below).
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of the statebs popul at i-hourblackodt afecting pO&orof end i s
the statebs popul ation.

Results calculated using the methodology described above were comparedatedst
losses derived by others for both California (in whole or in part) and for the Northeastern
U.S. August 2003 blackout (as it affected New York CityAlthough not identical, the
results were such that the methodology used here was deemed &aberableneans

of valuing the improved reliability and blackout avoidance attributable to distributed fuel
cells in California

The calculated range of the Value of Improved Reliability and Blackout Avoidance

anticipated tancreasesignificantlyas the penetratiorof fuel cells throughout the state

increases Assuming the goal of 3200 MW of installed fuel cell capacity is achieved by

2020(as described belowjuel cell penetration would increase 20001 d fr om t oday 6.
level, potentiallygenerating narly 8% of the total MWh consumed in California

providingup to45 cent&kWh (in 2007$) inValue of Improved Reliability and Blackout

Avoidance.

Value of Improved Power Qualityi TheValue of Improved Power Quality is

calculated as being ¥of the Valueof Reliability and Blackout Avoidanc®. This

percentage is based on an analysis done for the New York State Energy Research and

Devel opment Authority (ANYSERDAO) that provi
cost of outages and of power quality deshs. As defined in the NYSERDA report:

e "The ability of the electric system to de
termed 100%eliability.

e The ability to deliver a clean signal without variations in the nominal voltage or
current characterisss is termed higlpower qualty 6 ( Emphasi s i n orig

(SeeEnergy and Environmental Analysis, Inc., and Pace Energy Project, December 2005,
pp. ESL and ES.)

The calculated range for tlearrentValue of Improved Power Quality is 0.0002288
centgkWh. As was the castor the Value of Increased Reliability and Blackout
Avoidance, this value is expected to increase significantly gsethetratiorof fuel cells
in California increases.

% geefor instance, Anderson Economic Group, August 19, 2003; Consortium for Electric Infrastructure

to Support a Digital Society (ACEI DS0), June 2001; CI
for Risk and Economsi Anal ysis of Terrorism Events (ACREATEO), N
Resource Council (AELCONO), February 9, 2004; | CF Cor
Summer 2003Rose et al, October 14, 2005.

2 Because of its relationship Withe Value of Increased Reliability a

nd Blackout Avoidance, the Value of Improved Power Quality is added to the Value of Increased
Reliability and Blackout Avoidance under the category of Increased Reliability/Power Quality/Blackout
Avoidance in Figure 1
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D. DIGESTER GAS CREDIT

Biomethanas considered a renewalflesl source, withtechnically feasible for use
digester gas levelgonservativelypstimated to reach #&llion Btu in California by
2020 (CEC, [2cember Q06, p. 12, Figure 1.6). Thisvel of biomethane availability
could support nearly 40 ofthesta t @diestial2020installedfuel cell capacityf 3200
MW. The analysisunderlying this valuatioassumes that 30% tfest a tirstéalled
fuel cellcapacityoperates using digester gasvhich is based on an industry estimate

Digester gas is assumegbe approximately halfiogenicCO, ?® and half methane (G *°

with small amounts of i O,, hydrogen sliide (H,S), and PM1paverage heat content is
about 600 Btu/ft(HHV). Use of digester gas by fuel cells has several benefits. First, such
use mans that the digester gas will not be flared, thereby avoidingriééaed emissions

of NOy, CO, and PM10. Second, use of digester gas by fuel cells directly displaces natural
gas use, resulting in natural gas savings.

The direct benefits afatural ga cost savings aral/oided emissionsom digester gas
use, as well athe indirect healtitelated benefits of thoseroidedemissionscontributea
total valuerangng from 0.75-1.81cents/kWh. This range of values is included in the
values illustratedn Figure 1 and can be broken down as follows:

Value of Avoided Natural Gas =3%-1.03cents/kWh.

Value of Fossil Fuel Price Hedge 9©2-0.36 cents/kWh.

Value of Health Benefits of Avoided8tate Emissions 8.39-0.41cents/kWh.
Value of Avoided Emissins = 0003-0.015cents/kWh.

E. COGEN(ERATION) CREDIT

Fuel cells typically capture the waste heat from the electrochemical reaction process that
produces electricity. The waste heat is then used to cogenerate another useful product
such as hot watgsteam process heabr cooling €.g, through the use of an absorption
chiller). As a result, whatever process would othenlissee been used to provide the
cogenerated prodys) is avoided, reducing the amount of input fuel requicedhat
processand the amount of output emissions.

The Value of Cogen Credit is calculated using a format similar to that used by the CPUC
in calculating avoided greenhouse gas emissioBeseqPUC, December 13, 2006
Attachment 5.) It is assumed tlagdproximately 460 f t h e daptwreldvastee | | 6 s
heat isavailable asiseful energy, and that this useful energy replaces the output from an

% Biogenic carbon dioxide is considered to be part of the natural carbon cycle, and is not generally
included in CQ emissions inventories.

2 Both carbon dioxide and methane are greenhouse gases, though methane is 20 times more damaging as
a gremhouse gas than is carbon dioxide according to the U.S. Climate Change Science Program.

© National Fuel Cell Research Center 26



in-statenatural gadired boileroperating at 8% efficiency. The avoided natural gas is
priced using the same range of NYMEXures prices that was used for the Value of
Avoided Generation Fuel Costveraged over a sixonth period to reflect a more
conservative (seasonal) fuel procurement pracfldee avoided emissions are valued at
in-state emissions prices (as discussdavbéor each relevant type of emission#ll

values are adjusted to reflect thé/606f fuel cell capacity that is assumed to operate in a
cogeneration or CHP mode.

Valuesrelated to cogeneration andCBP are calculated over the range of fuel cell heat
rates for the avoided natural gas boiler fuel, for the corresponding fossil fuel price hedge,
and for avoided emissions of NGB0, and CQ. The cumulative Value of Cogen Credit

for fuel cells across all categories is :3181 cents/kWh.

The followingValue of Cogen Creditaluesareincludedin the total range of values for
the appropri at e -UcpatoefgoFruye li nCetlhle ViaBuuiel d n Cal
chart illustrated in Figure:1

Value of Avoided Natural Gas@942.01 cents/kWh.

Value of Fasil Fuel Price Hedge =34-0.60 cents/kWh.

Value of Health Benefits of Avoided 48tate Emissions ~0.02 cents/kWh°
Value of Avoided Emissions =Ip-0.98cents/kWH!

F. AVOIDED EMISSIONS AND RELATED HEALTH B ENEFITS

The E3 Avoided Cost Study assuntieat the cost of regulated emissions is captured in
the market price of electricity. The category of regulated emissions includes only
generatiorrelated emissions for which emissions allowances are currently mandated
including NQ,, SG,, and PM10 Howerer, due to the decision made in this analysis to
separate capacity value fraderivedenergy value, it is necessary to consgkparately
those values captured in the market value of electricity in Califadh@aare neither
capacity nor fuetrelated

Natural gas is typically the marginal fuel source that sets the nmrkedf electricity in
California. In this analysis, natural gas prices set the upper bound on the Avoided
Generation Fuel Cost, and coal pri¢as a component of the electricitgport price)set

the lower bound. Natural gas as the Avoided Generation Fuel Cost thus acts (in part) as a
surrogate for the market price of electricity. However, since NYMEX natural gas futures
contract prices do not include the cost of emissionsvathaes, the value of avoided
emissionsnust becalculated as a separate distributed value element for each of the
avoided emissions identified.

% Details regarding the Value of Health Benefits of Avoidectate Emissions related to cogeneration

are provided below in the Value of Health Benefits section.
3 Avoided NOx, SG, and CQ emissions fromthe naturalghsi r ed boi |l er are calcul at e

Emi ssions Calculatoro developed by EPAG6s Combined Hee
emissions are calculated using results derivedeyscottish Executive (2006).
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To calculate the value of avoided emissions related to fuel cells, it is first necessary to
identify for each pllutant (i) the emissions rate applicalitetheavoided baseload
technology and (ii) the resultant emissions over the asshesdate rangi®r boththe
average California avoidethtural gadired plant andheexisting fleet ofbaseload coal
generatng plans serving California The resultant emissionate rangdor each

baseload generating technology is tkempared to the emissions rate for fuel cells to
identify the quantity (if any) oAvoided emissions in Ib/MWh. Thmeinimum and
maximumavoided emissions are then valued at the end poiragafge obmissions
allowance price either observed in the marketplace or derived from the literature

The underlying assumptions and results for the avoided emissions and related health
benefits are sumarized in Attachment CThe Value of Avoided CO2 Emissions
attributed to distributed fuel cells in California is calculated at-@.21 cents/kWh; the
combined Value of Other Avoided Emissions is 61190 cents/kWh. Assuming that the
Value of Health Bnefits associated with avoided emissions is not reflected in emissions
allowance prices, the additional Value of Health Benefits is calculated to b2.884
cents/kWh. Specificdetaik for eachavoidedpollutantand related health benefare
discussd below.

Value of Avoided NOx Emissionsi Fortheaverage avoided California natural gasd
plant, the NQemissions rate isalculated usinghe updated E&lectric Avoided Costs
workbook. Usingtheaverage natural gdsi r e d agsumadhheab ratange 018,087
9,100Btu/kWh, the resultant NCemissions rate is 01-0.14 Ib/MWh. For thetypical
avoided baseload coal generating peemwing CaliforniatheassumedNOx emissions
rate is0.074 Ib/MMBLtu, as identified bythe Center for Energy Effiency and Renewable
T e ¢ h n o |CEBRToejsr agquii@ritical pulverized coaplant burning bituminous coal
without carbon captur@CEERT, p. 31) For the assumed heat rate range of
8,84410,875 Btu/kWh, the resultant N@missions rate is §9-0.85Ib/MWh. The
estimatedNO, emissions rate for fuel celtanges fron0.01-0.061b/MWh.

For theaverage avoided natural gixed plant, the value of the avoided N@missions is

based on observed prices for Emissimns Reduc
California. These NOERCs are bought once for the life of the emissions permit, and are

priced in $/Ib/day. The range of prices used is this analysis is $2538@0164/Ib/day.

For the baseload coal plant, which is assumed to be located outsidif@ing, the

value of avoided NQemissions is based on observed prices for annugeNssions

allowances in markets outside of California. The range of prices used in this analysis is
$500$7,500/ton, where the N@missionsllowancesnust bepurchaed separately for

each year.

Combining the calculated range of avoidedNd@issions and the applicable range of
prices for each of the baseload technologies considered in this analysis yeide af
values of avoided NQ emissiongrom 0.06-0.99 certs/kWh®*?

32 All reported values for avoided emissions in this section of the report include (i) the value of avoided
emissions (where applicable) for avoided digester gas flaring for that 30% of fuel cells assumed to use
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