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ABSTRACT

This report documents the release of the JOBS and economic impacts of Fuel Cells
(JOBS FC) model . 1t iIs intended to suppl ement
this report summarizes general information on the assumpti@ibpdologies, and default
values used in JOBS FC while the appendix provides greater detail and background on the
development of the default values. Sample results are also displayed.

JOBS FC is a spreadsheet tool which provides users with the abiis§itnate economic
impacts for a variety of usekefined scenarios. It is based on irputput modeling of the
US economy and includes 60 geographic regions. For each region, the model incorporates a set
of multipliers for expenditures in the econormagactors associated with fuel cell production,
installation and use. The multipliers were obtained from the Regional {&ptpput Modeling
System (RIMS Il) which is developed and maintained by the Bureau of Economic Analysis
(BEA) at the L& Department oCommerce.

JOBS FC is not an econometric model of fuel cell supply and demand and does not
forecast market development. JOBS FC is a-dsgen tool where results are dependent on
assumptions and values entered by the user. Default values are ptowadsist the user for
some inputs but the tool does not provide results without certain required user inputs. By
allowing users to input various assumptions about fuel cell manufacturing and implementation,
JOBS FC enables a user to explore the impboatof those assumptions on employment and
economic development for a geographic region of interest.

The results obtained from JOBS FC should be considered estimates only, and are not
intended to replace a full economic impact study. The purpose of FOBSto educate and
inform users of potential economic benefits resulting from increased fuel cell manufacturing and
use.



1 JOBS FCOVERVIEW

JOBS FC is a spreadsheet tool designed to estimate the economic impacts of the
manufacture and use of selected types of fuel cells in the United &thtesbeen developed by
Argonne National LaboratoryA¢gonng for theFuel Cell Technologie®ffice in the US
Department of Energy (DOE), with assistance from RCF Economic & Financial Consulting, Inc.

This report is intended to describe the basic functionality of JOBS FC as well as the
underlying principles used in theoahel. It also includes default information intended to provide
representative, quantitative values for many of the parameters required to conduct an analysis.
While the descriptions of methods and default values will, of necessity, generally follow the
stgp-by-st ep processes within the model, this docu
Guideo for JOBS FC.

JOBS FC uses inpututput methodology to estimate the economic impacts associated
with changes in industry expenditures, and calculatesppkereffects of those changes
throughout the economy. Figure 1 provides an overview of the geographic detail, scope and
output of the tool. The tool has been designed to be as flexible as possible, and to allow users
with diverse interests to estimate ecnric impacts. JOBS FC is based in Microsoft Excel 2010
with spreadsheet tabs for inputs and resultss assumed that the user has a basic knowledge of
Excel 2010 and general familiarity with hydrogen fuel cells. Excel 2010 is required to utilize the

full functionality of the tool.

Geographic State Regional National

Regions impacts impacts impacts
. Installation,

Modeled Mar;t;ia;::i:urmg Fuel Cell Fueling,
Activities Constru cri - Manufacturing Operation &
Maintenance

Employment Earnings Lol

ploy g Output

FIGURE 1 Overview of JOBS FC

As seen in Figure JOBS FQmay be run at the state, regional, or national level. Figure 2
shows the 60 possible geographies (each of thé&0 states, the nine federal censegions and

! The tabs in the JOBS FC workbook are titled in a mix of uggssand lowercase letters. That same mix is used
throughout this document when referring to those tabs.



the National USA consisting of the 48 contiguous sigtémat users may select for a given
analysisResults will vary based on geography due to differences in concentrations of industries,
wage rates, and sectors of the economy. While theisifee to select whatever geography is

most appropriate for his/her analysis, it should be noted that results based on one geography
should not be combined with those based on a higtusr geography (e.qg., state results should

not be subtracted from ti@nal results to estimate eof-state results) since the underlying
multipliers apply only to the specific region for which they have been calculated.

0

Pacific

i West New
Mounien North Central East Eoyinc

North Central ‘
n[, 5

\

n‘f q Middlzfﬁ:uantic
n . 4! )

{ _'Jj/ South
oy Atlantic

“. East

South
West :
South ¥ Central J
Central

Map by the Indiana Business Research Center,
Kelley School of Business, Indiana University

FIGURE 2 Geographies Modeled by JOBS FC: States andSCensus
Regions

JOBS FC models thapplication offuel cells to the following markets: forklifts (utilizing
theProton Exchange MembrafiEM] technology), telecommunications bagg power (also
using PEM technology), and prime power replacement (using either Molten Carboab@ell
[MCFC] or Phosphoric Acid Fuel CdIPAFC technologies)Modeled activities include the
construction of a new fuel cell manufacturing facility or the expansion of an existing one, the
manufactue of the fuel cells, and the installation, fueling, apérations and maintenance
(O&M) of the fuel cells at the application sites. The economic impacts of the construction and
operation of a fuel storaged dispensingfrastructure are also estimated if appropriate.

Default values, where provided, drased on information derived from the technical
literature,industry sourcesother researcherand the judgment of the model developd@BS
FC mayalsobe used to estimate the impacts of utilizing the same type of fuel cell in other

2 Alaska and Hawaii are part of the Pacific census region.



applications lg specifying customized inputs in place of default values, provided that the user
has a thorough understanding of the implications of using the tool for the intended customized
fuel cell application.

JOBS K provides results fathe time frame&015 t02020, a period when growing
numbers of fuel cells are expected to be deployed in early markets but which is not expected to
differ appreciably fronthe current economic structure. Resudtsm the modeinclude jobs,
earningsand economic output for the piaular geography being examinesks noted above,
these esultsstem from considerations of the following

A Fuel cell manufacturing, saleand shipping (excluding tas),

A Installation and maintenance of the fuel cells and associated fueling
infrastructure

A Fuel use, and

A Construction or expansion of a fuel cell manufacturing facility.



2 METHODOLOGY

JOBS FQprovides users with the ability to estimate economic impacis Variety of
userdefined scenariodt is based on inpeutput modeling of the US econoragd includes 60
geographic regions:or each regionhe model incorporatesset of multipliers foexpenditures
in the economic sectors associated with fuel cell production, installatidruseSpedfic
economic sectors include construction, metal tank manufacturing, industrial gas manufacturing,
truck transportation, and others. Thaltipliers were obtained from the Regional Infiditput
Modeling System (RIMS II) which is developed and maintainethb Bureau of Economic
Analysis (BEA) at the 8 Department of Commerce. Further information about hguiput
model ing and RIMS |11, may be obtained at the

https:/ivww.bea.gov/regional/rims/rimsii/help.asprd
https://www.bea.gov/regional/rims/rimsii/illustrativetables.aspx

The RIMS rultipliers reflect the current structure of the@bgraphic areas that can be
modeled withJOBS FC That structure has evolved and will continue to change over time. Thus,
JOBS FGCshould not be used to examine impacts in the far future.

FurthermoreJOBS FGis notan econometric model of fuel cellgply and demandnd
does not forecast market developmd@BS FC is aiserdriven tool where results are
dependent on assumptiongavalues entered by the usdeefault values are provided to assist
the user for some inputs but the tool doespnotide results without certain required user inputs.
By allowing users to input various assumptions alfeeitcell manufacturing and
implementationJOBS FC enables usetto explore the implications of those assumptions on
employment and economic deveioentfor a geographic region of interest

Theresults obtained from JOBS FC should be considered estimates only, aod are
intended to replace a full economic impact study. The purpose of JOBS FC is to educate and
inform users of potential economicrwdits resulting from increased fuel cell manufacturing and
use. No financial decisions should be made solely on the basis of information obtained
developed through the use of JOBS FC


https://www.bea.gov/regional/rims/rimsii/help.aspx
https://www.bea.gov/regional/rims/rimsii/illustrativetables.aspx

3 GENERAL INSTRUCTIONS

The reader is referred to the JOBSBG er 6 s Manwual for detail ed
of this model. This section is intended to provide a general summary of the procedures to be
followed when using the model.

JOBS FGs organized as an Excel 2010 workbook vedveral spreadsheet talbs input
and output information. Thepreadsheet taljshown along the bottom of tieorkbookscreen
are as follows:

A JOBS FC INFO
A COPYRIGHT Notification
A Forklift INPUTS, Forklift RESULTSCharts, Forklift RESULTSTables

A Backup Power INPUTS, Backup PomRESULTSCharts, Backup Power
RESULTSTables

A PEM Facility Construction or Expansion INPUTS, PEM Facility Construction or
Expansion RESULTS

A Prime Power INPUTS, Prime Power RESUL-T8arts, Prime Power RESULTS
Tables

A PrimeFacility Construction, Prime Facility Constructi®ESULTS
A Market Forecasts

The JOBS FC INFO tab provides information on the m@deluding color coding
conventionsdefinitions, andyeneral guidanga s wel | as |l inks to the fiw
COPYRIGHT Notificationtab simply notes conditions regarding the use and distribution of the
model.

ThevariousINPUTS spreadsheefsorklift INPUTS, Backup Power INPUTSPEM
Facility Construction or Expansion INPUTBrime Power INPUTBcontain steps to guide users
through the process of entering the information needed to define a scenario. Users have the
option of entering specific formation or using default values provided in the model. Cells
available for useentry appear in white arate usually located in Column E. If no uspecified
value is entered, the value (usually) located in Column F (Default) is used. To verify whieh v
is used in a scenari o, users should refer to
mo d e Figure 3 shows a sample of a portiorthad Forklift INPUTS tab



10 | |Enter Fuel Cell Unit Size(s) User-specified value Default Notes Value used in model
11 |Class I/IE Forklift fuel cell unit size (average KW /unit) 10 Pleaze enter 2 value between 4 KW and 20 KW 10
12 | |Class III: Forklift fuel cell unit size (average kW, unit) 2 Pleaze enter a valus between 1 KW and 4 KW 2|

FIGURE 3 Example User Input Fields

Forsome parameters the default value isakeulated during data entry to be consistent
with user input provided earlier in the data entry process. In this way, an internally consistent
scenario can be define@olumn Gcontains notes that provide recommeshdegnges or other
information to assist users in data entry and analysis.

A fiReset o button i s pr ovi(Forelitt INAUTS Backep t op of
Power INPUTSPEM Facility Construction or Expansion INPUTEime Power INPUTBt0
assist irunning multiple scenarios. After a scenario is complatetithe user has analyzed
and/or saved theresults user s shouli€l ebhrcRlI th&sBReSeecCci fie
to remove all values entered and batgvelopinga new scenario. UsingeélResebutton on an
INPUTStab (Forklift INPUTS, Backup Power INPUTSPEM Facility Construction or
Expansion INPUTSPrime Power INPUTBEautomatically sets all input parameters to the
original default values (where provided).

JOBS FC was designed to pectical for a wide variety of users. As noted above, the
toolrespondstas er s® i nputs, adjusting calcul ated def
areencouraged to specify as many parameters as possible and todwdtkell scenario
assumptions before reporting results. Many of the parameters are interlinking and changes in one
parameter can significantly affect results.

All default inputs and calculated results are shown in 2010 dollars, and adipsessfied
inputs should be ented in 2010 dollars. A helpful tool for converting to 2010 dollars is
provided by the 3 Department of Labor, Bureau of Labor Statistics:
http://www.bls.gov/data/inflation_calculator.htm

An original copy of JOBS FC should be saved in a-specified location. It is
recommended that all scenario analyses be conducted on a copy which is given a different name
(e.g., JOBS FC working copy.xlsm) from the original in case default valueseidentally
deleted or other changes are made that could cause the tool to become inoperable.


http://www.bls.gov/data/inflation_calculator.htm

4 ANALYSIS OPTIONS

Several of the analysis options in JOBS FC are available for multiple sceiifuess.
common options are summarized below. More specific options are described later in this report.

4.1 GEOGRAPHY AND LOCAL SHARES

As noted above, JOBS Fllowseconomicimpactsto be estimatetbr user defined
scenariogor any of the 50 states national level (comprising the 48 contiguous states), or any
of the nine census region&ss stated previouslyesults based on one geography should not be
combined with those based on a higbhetder geography (e.g., state results should not be
subtractedrom national results to estimate aftstate results) since the underlying multipliers
apply only to the specific region for which they have been calculated.

A major assumption in JOBS FC is that all expenditures occur within the specified
region. Ths simplifying assumption allows usersdstimatehe impacif all materials and labor
weresourcedrom firms in the region of interesthis daes not mearhoweverthat these
sourceonly purchase materials from inside the geographic retnetead, theyare assumed to
have purchasing behaviaascordingto their RIMS llassociateithdustrywhich may include
underlying purbases fromoutside the region. HowevelDBS FCassumeshatthe initial
expenditures go to firms sidethe region of interestf the user knows that some materials or
labor are sourced from outside the regidimterest in a scenario analysige expenditures for
the category can be redudeefore being iput into JOBS FC.

4.2 GROSS OR NET ANALYSIS

JOBS FCcan be used testimaé grossor neteconomic impactat the national level, and
gross economic impacts for census regions and statége gross analysimode, theeconomic
impactsof expenditures ofuel cellsand fuel cell related activitiewe estimatedlhese impacts
include jobs and other economic benefits attributable to the manufacture, installation, and
operation of fuel cellsé the useispecified region. In the net analysnode some otthese gross
impacts may be offset ngductions in thémpacts ofalternative types of powéhat are
displaced by fuel celld~or example, using fuel cells to power forklifts displaces battery power,
thereby forfeitinghe US economic impacts from the manufacture, installation, and operation of
those batteriePue to difficulties in defining wherén theUnited Statesalternative
technologies are manufactured atigrnative fuels arproduced, the net analysis is only
available for analyses conducted at the national level.

Thenet analysisn JOBS FC is provided to assigsesin understanahg the tradeoffs of
using one technology over anothdnen it comes to economic impacteresults provided are
based orassumptions made in JOBS ®@ich may or may not fit every specific ussrenario.
Users are@ncouraged toarefully review the steps and assumptionsath the gross anaet



analysis sections of JOBSC, including inregionversus at-of-region expenditures for both the
new and displaced technologiesd adjust inputs as necessary

4.3 TECHNOLOGIES AND APP LICATIONS

JOBS FGs extremely flexibleallowing users to examina variety of fuel cell
technologies andpplications. Available options consist of the following:

A Manufacturing, installation, and operation of fuel cells for
¢ forklifts,
¢ backup powerand
¢ prime power
A Construction or expansion of a PEM fuel cell manufacturing fadfityforklift or
backuppower applications)
A Construction of a Prime Power fuel cell manufacturing facility

Table 1 lists fuel cell technologies, applicaticausd default unitapacities in JOBS FC
Note that in prime power applications, the default is combined heat and power (CH&hfor
availabletechnologies.

TABLE 1 Fuel Cell Technology and Default Capacity by
Application in JOBS FC 1.0

Unit Capacity (KW) LT PEM PAFC MCFC
Class l/lIForklift 10
Class Il Forkilift 2
Cell Tower Backup Power 5
Prime Power (with CHP) 400 1400

4.4 DIRECT, INDIRECT, AN D INDUCED EFFECTS

For each type of impact (i.e., employment, earniagdeconomicoutput), JOBS FC
calculates direcindirect, supply chainand induced results. As the name suggests, direct effects
are associated with the direct provision of fuel cells (e.g., manufacturing and sales of new fuel
cells, shippinginstallation of infrastructure and fueling equipment, forelduction and delivery,
and maintenance of fuel cells).

Indirect effects result from further spending by firms on items in the supply chain. For
instance, indirect effects occur when raw materials are purchased from suppliers to fabricate the
componentshat make fuel cells. Supply chain effects are the sum of direct plus indirect.effects



Supply chain effects include all the activities related to firms that make fuel cells, install
and operate fuel cells, provide fuel and fueling infrastructure, latiteaother firms that provide
material inputs and other services directly related to fuel ¢etlaced effects result from-re
spending of income by firms and employees in fuelediited industries. For instance,
additional impacts are realized wheam employee of a fuel cell manufacturing facility spends
income earned making fuel cells to take his/her family out to dinner.

In the RESULTS tabg~orklift RESULTSCharts, Forklift RESULTST ables,Backup
Power RESLTS-Charts, Backup Pow&ESULTSTables, PEM Facility Construction or
Expansion RESULTS, Prime Power RESULTS8arts, Prime Power RESULTRables, Prime
Facility Construction Resultsjables and charts display annual direct, indirect, supply Guadh
induced results for 201through2020. Users can choose which units to refoeither direct,
indirect and induced; or supply chain and indu@edployment is reported in jepears, which is
defined as one year of work for one person. There is no distinction betweeméudind prt
time work.The reader is referred to Sectibdfor a brief discussion relating jobs supported by
these expenditures and jgbars as calculated by JOBS FC.

4.5 IMPORTS AND EXPORTS

Fuel cells brought into the area of interest (i.e., a statgyian or theUnited States
from outside its borders are considered imports. Imports may come from anothdrostase,
different census region, or from outside the United States. There are no distiantmms
originating locations. Any impactgccurring outside the selected geographic area will not appear
in the results. For instance, steel purchased from another state will not cause employment in the
steel production industry to occur within the selected state. This does not mean that entploymen
does not occur, only that it does not occur within the area selected for analysis.

Similarly, exports from the area of interest do not generate fuel cell installation and
fueling employment within the originating area because those units have |gftehal he
destination of the exports has no impact on the results of a scenario for the originating
geographic area. In other words, fuel cells manufactured in a region and then exported will have
manufacturing employment within the originating regionwilitnot have operation and
maintenance employment within the originating region because those activities occur in a
different geographic region.

10



5 FORKLIFTS

5.1 OVERVIEW

As noted previously, JOBSOrestimats economic impacts for three applications of fuel
cells: forklifts, backup power, and prime pow&ithoughnumerical valuesliffer, a similar
methodologywasused todevelopdefault parameterf®r these three applicationshat
methodologyis discussed in greater detail in the appendixmerical valuegarepresented in
this and subsequent sections of this report.

The Forklift module of JOBS F@nay be used to estimate the economic impacts
associated with manufacturing, sales, and shipping of new fuel cells, installatiosité on
hydrogen fueling infrastructure and equipment, hydrogen fuel production and delivery, and
maintenane of fuel cells anthefueling infrastructureT he User 6 s Gui de provi d
instructions on the stelpy-step use of the tool.

Default values are intended to represent typical valudsoidtift applications. JOBS FC
may be used foestimating the impacts of similar fuel cell applications (using the same type of
fuel cell) by specifying customized inputs in place of default values, provided that the user has a
thorough understanding of the implications of using the tool for the iatecustomized fuel cell
application.

5.2 DEFAULT VALUES AND ME THODOLOGY

5.2.1 Unit Sizes

Fuel cell unit size can impact default retail prices and manufacturing costs, shipping
expenses, installation expenses, annual hydrogen fuel expenses,asstivelalternative
technologyrelated parameters.

Fuel cells for Class I/lfi.e., electric riderjorklifts can range from 4 kW to 20V
dependng on operations requiremeniior analyses of Class /1l forklift fuel cells have
generally assumed ursiizes of around 5 kW (e,dsreene et a[201], Mahadevan et al.
[2007). However, Greene et al. (2011), and industry contacts indicate that fuel cells for these
classes of forklifts are trending towdedger units. JOBS F€ontainsa defalt value of 10kW
for Class I/llIfuel cellsalthough the user can input any vahetween 4 kW and 20 k\Wér unit
capacity

Industry contacts suggested fuel cells for Clasé.#l, motorized handprklifts can
range from around 1 kW to 4 kW depending on operations requirements. JORBERTs a
default value of 2 kW fo€Class llifuel cells.Again, the user can input any unit skEtween
1 kW and 4 kW ashis class of forklift typically is o lower kW level than the Class /1l units.
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TABLE 2 Default Assumptions forForklift Fuel Cell Unit Size

Variable Default Value Source Other Default Values Impacted

Forklift fuel cell unit Class I/ll: 10 kW ArgonneRCF Retail prices and manufacturing costs,
size (average kW/unit) Assumption shipping expenses, installation expenses,
Class IlI; 2kwW hydrogen fuel expenses, battegjated
parameters

5.2.2 Units Manufactured, Exported, and Imported

The number of units manufactured, exported, and imported can impact defaulfernlues
retail price and manufacturing cesshipping expenses, and installation expenses.

Users must specify these assumptions and select a region of jmer@stault values are
offeredfor these parameterso assist usergyrgonneRCF have used historical forklift shipment
data from the Industrial Truck Association (I2A11), aforecast oforklift salesby the
Industrial Utility Vehicle & Mobile Eqipment MagazingMetzger 2011)anda forecastof
macroeconomic indicators from th&S\Energy Information Administration (EI2011) to
estimateannualshipments of new forkliften the United Stateor the 20152020 timeframe as
shown in Table. The ptentialshipments ohew forklifts shown here should be used as a
guideline for scenario development and analysis within JOBS FC only and should not be
considered a complete market or sales forecast.

TABLE 3 Estimated Annual Shipments of New
Forklift s in the United States

Year Class I/l Class Il Source

2015 51,000 51,000
2016 54,000 54,000
2017 56,250 56,250
2018 57,750 57,750
2019 59,250 59,250
2020 60,750 60,750

ArgonneRCF Forecast

5.2.3 Retail Price and Manufacturing Cost

Default retail prices and manufacturing costscaleulated based dhe user specified
fuel cell unit size and the numbefr fuel cell units manufacturedhe calculateddefault retail
price in 2015 in turn determines thefault shipping expense per unit.

The toolds cost function is desi gmused t o ap
specified annual production as well as national cumulative production through 2015 and beyond.
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Users are encouraged to pay carefténtion to yeaby-year values and specify their own values
as needed.

All prices and costs areshownin 2010$/kW.Manufacturing cost is the summation of
all costs associated with manufacturing a fuel aatludingmaterials, direct labor, pé#al
maintenance, and direct manufacturing overhead. Manufacturing cost cannot exceed retail price.

5.2.3.1 Retalil Price

Retail price includes the cost to manufacture the fuel cell in additialh ather expenses
associated with the sale of a fwell. In other words, retail price is the expense incurred to
obtain one fuel cell unit (not includirtgxes, subsidieshipping or installation).

As stated abovehe defaultvalues for retail prices are determined by fuel cell unit size
and thenumber of fuel cell units manufacturad specified by the usérhe default retail price is
150% of the manufacturing cost (or, equivalerithy manufacturing cost is 2/3 dferetail
price). If the user enters a set of prices and aibey than the efault valuesn a given year, the
implied price/cost factor is used in subsequent years. For example, if the user enters a retail price
of $1,000/kW and a manufacturing cost of $800 in 2015, the default retail price in following
years is also assumed te b25% ($1,000/$800 = 125%) of the manufacturing cost.

For all three applications in JOBS FC, the manufacturing cost of the fuel cells is
comprised of 8ase manufacturing cadtearningeffects Scale effects andTechnological
progresseffects Mathematically, the expression is:

Manufacturing cost in year t =
(Base manufacturing cost)(Learning effectsx (Scale effects) x (Technological progress
effecty

The default manufacturing costs and retail pricesdiddift fuel cells are shown in
Table4 while the development of these default values is describ&gpendixA.1.1.

The values in Tabld are determined by the defairiput data thaareincorporated into
JOBS FC. If the user elects to use data other than the default forianyput cell, the model
will recalculate the default manufacturing coBie user can, of course, elect to use
manufacturing costs other than $beomputedvalues.
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TABLE 4 Default Manufacturing Costs and Retall
Prices for Forklift Applications in 2015*

Forklift Unit Size Manufacturing Retail Price

Class (kW) Cost QO10B/kKW)  (20105/kW)
I 10 1730 2595
I 2 2650 3975

* Assumes minimunmanufacturing levels. User inputs can change
default values.

5.2.3.2 Learning Effects

The cumulativeproductionof fuel cells determines tHeearningeffects also known as
cost reductions due to learnibg-doing.Learning by doing is &énmeasured using progress
ratioswhich represent how the cost of productionsfafter cumulative productiochanges
Greene et al. (2011) summarize various estimates of historical progress ratios but emphasize that
there is no precise way to estimate fataost reductions especially for novel technologies.
Based on information presented in Appendlig.2.2for forklift applications the Learning
effecsin yeart is expressed as

[(Cumulativeforklift fuel cell units manufactured in the US through the end of year t)/
(2’700)] -0.152
5.2.3.3 Scale Effects

Scale effectare determined by the number of units manufactured per firm in a given
year.In order to reflect the impact of the number of units manufactured in the time frame
2015 2020, theScale effedd for forklift applications is estimated via the following conditional
expressions. The reader is referredppendix1.2.5.2for a detaileddescription on the
development of these expressions.

The Scaleeffectsin yeart is represented by conditional expressions as follows:

If, Annualforklift fuel cell units manufactucein the US in year t <= 3,00@hen
[(3,000units/ firms)/2,000 units per firm)j-?°

If, 15,000> Annualforklift fuel cell units manufacted in the US in year t > 3,00then
[(Ann%a;loforklift fuel cell units manufactured in the US in ye&fiyms)/(2,000 units per
firm)] ™

Otherwise, [(5,000units/3 firms)/2,000 units per firm)j-*
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Where 2,000 is the number of units per firm associated witBasemanufacturing cost
from Battelle (2011) and the exponent is the scale elasticity assumed by Greene et al. (2011).

5.2.3.4 Technological Progress Effects

Thefinal term in the manufacturing cost functionTiechmlogical progresseffects
Greene et al. (2011) defifechnologicaprogresseffectsas the reductiom manufacturing cost
due to research and developméyd.noted in AppendipA.1.2.6 this factor is expressed via the
relationship:

Technologicaprogresseffects= (1i 2%)Yea" t2010)

5.2.4 Fuel Cell Shipping Expenses

Theforklift fuel cell shipping expense per ung assumed to be 3.5% of the default retail
price in 201%ased on input from industry representativédss Expense is assumed to apply for
all year s offamd (20252020).44 wittsother iappleations, JOBS FC assumes
that 50% of the economic impacts associated with a shipping expenditure are incurred in the
region of manufacturing and the remaining 50% of impacts are incurred in the region of
installation.

5.2.5 Hydrogen Fueling Infrastructure Installation Costs and Yearly Site Installations

Determination of the hydrogen fueling infrastructure costs is sstejp process in JOBS
FC. First are the unit costs for site design and engineering, construction, and for a hydrogen
storage tank. Second are the costs that are dependent on the ameeintaisumed per day.
Defaults used in estimating the installation costdddklift applications are shown in Table
Development of these default values is describepjpendixA.3.1.

As the above parameters are provided on ssperbasis, thaumber of forklift sites in
the region must be provided to JOBS FC. This is accomplished on the Forklift INPUTS tab
where the user can allow the model to calculate the number of sites based on other parameters or
input the number of sites directip which casethe model recalculates other parameters to
maintain consistency within the data.
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TABLE 5 Fuel Storage and Dispensingnstallation Expense Defaults for

Forklift Applications

Parameter

Default Value

Site design & engineering
Construction
Hydrogen storage tank

Hydrogen fueling infrastructure
equipment & installation

Infrastructure installation expense
Class I/l units per site

Class lll units per site

Class I/l fuel consumption rate
Class Il fuel consumption rate

$40,000/site
$160,000/site
$300,000/site
Larger of $900,000 oi$6,700) x (Fuel cell powered
units per site) x (kllconsumed per operating hour) x
(Operating hours per shift) x (Shifts per day)
$6,700/kg of hydrogen consumed per day
20
40
0.250 kdhour per unit
0.023 kg/hour per unit

Class I/l hours/shift 4
Class Il hours/shift 4
Class I/l shifts/day 2
Class lll shifts/day 2

5.2.6 Fuel, Operations, and Maintenance Expenses

Annual expenses of operatitige fuel cells in forklift applicationsust be considered
when estimating overall economic impadike paragraphs below summarize the default values
associated with these costs whlppendixA.4.1 and A.4.2rovide the rationale for these
values.

5.26.1 Hydrogen Expenseand Operations Variables
The aanualhydrogenexpense per unis estimated via the expression:

(Price of delivered b) x (H, per operating hour) x (Operating hours per shift) x (Shifts per day)
x (Days per week) x (Weeks per year)

The defaulfprice of delivered hydrogen JOBS FC is $.50kg and the other factors are
based on default values or user input in the Forklift INPUTSTiab fuel cell performance
defaults are shown in Tabeabove.Other defaults include 6 days ofeyption per week and
52weeks of operation per yedihe model also uses a cost of hydrogen produétiowhich the
default value is $3/kg. The ratio of production cost to delivered price is used to determine the
economic impactwithin the Industrial GaManufacturing sector of the economy. The model
includes an internal check so that the delivered price of hydrogen cannot be less than the
production cost.
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5.2.6.2 Fuel Cell and Hydrogen Fueling Infrastructure Maintenance Costs

Fuel cell maintenanceosts are the annual costs to maintain the fuel cell and related
apparatus portion of the forklift only. Maintenance costs not directly related to the fuel cell
should not be includedtuel cell maintenance costs are assumed to be low with a value of
$0.650perating hour for Class I/l fuel cells and $0.5/operating hour for Class Il units. These
values were compiled froma variety of industry sources.

Theannual fuel cell maintenance expense per unit is estimated via the formula:

(Maintenance expengr operating hour) x (Operating hours per shift) x (Shifts per day) x
(Days per week) x (Weeks per year)

Factors in this expression aderivedfrom defaults or user input in previous steps of the
tab.

The fueling infrastructure maintenance expend@ésvalue of the annual maintenance
expense for each fueling infrastructure site installation. Dafaskd in determining these
expenses are shown in TableAppendixA.4.2 provides a discussion of thevkelopment of
these parameters.

TABLE 6 Assumptions for Estimated Annual Forklift Fueling
Infrastructure Maintenance Costs

Fuel cell flls perfuel celloperating hour 0.2
Infrastructure raintenance hours pérel cellfill 0.01
Infrastructure raintenance costs per howrdxy for labor andnaterials) $90

The annual operating housisecalculated from previous default or input parameters.

5.3 GROSS ANALYSIS

JOBS FC can be run so as to yield results via either a Gross Analysis or a Net Analysis
(for the USA-National regioronly). If a Gross Analysiss selectedin addition to the
manufacture, installatigmand use of new fuel cells, the user may eimtfermationthat allows
the model to considéhe economic impacts of fueling and maintaining those fuel cell forklifts
thatexist in the regiomt the beginning of 201% is assumed that the operational chasestics
of the existing sites and individual forklifts are the same as new units and sites described in
earlier steps of the mod@®lo economic impacts associatedwihemanufacture or installation
of existing forklifts areconsidered as these impactswd have occurred prior to the time period
of interest.
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5.4 NET ANALYSIS

The other optiomn JOBS FGs to conduct a Net Analysis which the impacts of not
using batteries aghe energy source on the forklifts are subtealdtom the impacts of using fuel
cells. This option is available only whepecifyingt h e MN@$ A o n a IThis limi@atpn o n .
is required in JOBS FC due to the limited availabiitydataon the manufacture of batteries
within regions smaller than thénited Statesis a wholeDefault parameters provided for the
ANet Analysiso option are summarized as follo

As noted above, the alternative energy source for forkliisssimed to be batteries.
Thesebatteriescould have been manufactured in the United States or in another country. Users
should note that the number of fuel cell units installed in the United States allows consideration
of bothfuel cell unitsmanufactured in the United Statesdnot exported, as well as the fuel cell
unitsimported fromoutside thdJnited States

Several economic and performance factors are required to estimate the costs deferred by
using fuel cells instead of batteries in forklift applications. Assumptions behind the development
of the appropriate default parametare described iAppendixA.5.2 and the default values are
presented in Tablé

TABLE 7 Default Parameters for NetAnalysis of Forklift Applications

Percent of batteries installed imited Statesthat are 65%

manufactured in the hited State$

Percent of batteries installed outside théted Statesthat 0%

are manufactured in thenliled States

Retail Price pebattery in Class I/1l forklifts $4200

Retail Price per battery in Class Ill forklifts $2500

Number of batteries per forklift Equal to number of shifts per day
Battery shipping expense 3.5% of retail price

Battery Infrastructure Installation Expenses $0

Electricity cost for recharging batteries $0.095/kWh

Electricity required to recharge 24*(Hydrogen use/hour)kWh
Annual Battery maintenance cost Assumed equal to fuel cell maintenance co:
AnnualBatteryCharger and Infrastructure maintenance cc $900per forklift

*ArgonneRCF assumption based onamalysis of industry sourceBlease see Appendix A.5.2.1 for further discussion.
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6 BACKUP POWER

6.1 OVERVIEW

Thebackuppower module of JOBS F& designedo estimate the economic impacts
associated witthe use ofuel cells for backup powen telecommunications applicatiornBhe
activities included in theackuppower module includemanufacturing, sales, and shipping of
new fuel cells, installation dahe fuel cell and osite fueling equipment, hydrogen fuel
production and delivery, andaintenance of the fuel cells.

This section provides information on default values and methodologies used in the
development of thbackuppower moduleAs with the forklift module the backuppower
modulemayalsobe used for estimating the impacts of similar fuel cell applications (using the
same type of fuel cell) by specifying customized inputs in place of default values.

6.2 DEFAULT VALUES

This sectiorprovidesa discussion of parameters that must be inptitebackuppower
module of JOBS FCAs with the forklift module, default values are provided for many of these
parametersThe appendix provides information on these default vaf@smany of tle input
data in thebackuppowermodule, the basis for default values is similar to that for the
corresponding defaults in therklift module. In those cases, tappendixwill note this
similarity and present theackuppower defaults in tablesther than repeating the discussion of
the development of these defaults. The user may elect to change any or all détheke
values

6.2.1 Unit Size and Usage Requirements

The fuel cell unisizefor backup power applications can range from less than 1 kW to
15kW. Fuel cells may be sized for critical needs power onl§oroa wider range of power
requirements. Also, fuel cells may be oversized relative to the current site peverttie
expectation of increased power requirements in the future. Prior analyses of fuel cells for backup
power have generally assumed 5 kW units (&geene et a[.2011]], Battelle[201]],

Mahadevan et aJ2007). JOBS FC also uses a defduktl cell sizeof 5 kW forbackup power
fuel cells.

Opinions from industry sources diffen whether fuel cellare typically chosen to
exactly match critical power requirements or if oversized @ng®ccasionallynstalled. Balshe
(2011) states that the typical cell tower has a power loatd3k?/. In JOBS FC,he average
power loadused in the analysis assumed to be 60% of the fuel cell size, or 3 kW for the default
fuel cell size of 5 KWEconomic impacts®imated inNJOBSFC are based on the assumptioat
for all hours of operation, including backup ftime and testing rutime, the fuel cell is
operating at the average power load level.
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Industry sources suggehbtt required rwtime canvary from 8 hours or less for sites
with easier refueling capabilities to 72 hours or more for sites where fuel delivery is, or could be,
especially challenging. JOBS RfSesa defaultrequired rurtime of 48 hours. Along with the
default fuel cell size, this asmption yields a 240 kWh requirement which determines the
amount of fuel storage equipment installedsdge as well as the initial amount of stored fuel.

JOBS FC divides annual riime into two categories: backup rtime and testing run
time. Industry sources emphasitetbackup rurtime varies significantly by region and by site.
Some sitesarely require fuel cells to be turned on while others osgthemfor over a hundred
hours per year. Ballard (2011) suggests thai@@s of annuabackuprun-timeis on the high
end However,giventhe likelihood thabackuprun-time does not conform to a normal
distribution,JOBS FCcontainsa default of 20 hours of annual backup-tume.

Manufacturers and operators described additionatinm@related tdbackupor testing
JOBS FQusesadefault of @ additional 4 hours of annual rtime for testing purposes. Along
with the default average power load, these assumptions yiel/A2kannual power
generationThis annual usage in tudetermines the default annual fuel usage.

Table8 summarizes the default paramestand sources used for backup power fuel cell
unit size and usage requirements.

TABLE 8 Default Valuesfor Backup Power Fuel Cell Unit Size and Usage Requirement

Variable Default Value Source
Backup power fuel cell unit size (average 5 kW Greene et al. 2011; Battelle 2011; Mahadev
kW/unit) et al.2007
Average power load during operation 60% of FC unit ~ ArgonneRCF assumption based on Balshe
(average kW) size 2011
Hours of required rutime from onsite 48 hours ArgonneRCF Assumption
storage (hours)
Annual backup rutime (total hours/year) 20 hours ArgonneRCF Assumption
Annual testing rusiime (total hours/year) 4 hours ArgonneRCF Assumption

6.2.2 Units Manufactured, Exported, and Imported

The number of units manufactured in a region of interest, and the number @b beaits
imported or exported from the region must be speciflsdo defailt values are offeredné
user is responsible fepecifying theescenario parameters

To assist the use3OBS FC containaforecastof the totalUS potential market for &KW
backup power fuel cells by year from 2052020 As shown inTable 9 thisforecasts based
on estimates of the total US market for telecom towerslaekpected useful lifef backup
power systemgGreene et aR011) Theseestimats areoffered as a proxy for the possible
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annual market siz&hesepotential market sizes should be usedy as a guide for scenario
development and analysasd should not be considered a complete market or sales forecast for
fuel cells or any type of backygwer unitslf the user has selectdtkii Per cent age of
backup p o weaptiorsthe nprmber ofturst®used in the analysis will be based on the
percent of units specified in this table.

TABLE 9 Estimated Annual Potential Backup Power

Mar ket
Potential Market Size

Year (5 kW equivalent units) Source
2015 17,500

2016 17,750

2017 18,000 .
2018 18,250 RCF Estimate
2019 18,500

2020 18,750

6.2.3 Retail Price and Manufacturing Cost

The default retail price for fuel cells usedoackuppower applications was determined
under the same basic assumptions afoidtift applications see Section 5.2.3.The user
specified number of units manufactuieahhave an effect on the manataring cost and retail
price.

Manufacturing cost in year t =
(Base manufacturing cost)(Learning effectsx (Scale effects) x (Technological progress
effecty

Details are provided iAppendixA.1.1and the default values are shown in Talfle
TABLE 10 Default Manufacturing Cost

and Retail Price for Backup Power
Applications in 2015*

Unit Size Manufacturing Retail Price
(kW) Cost R0106/kKW) (201GB/kW)

5 1210 1815

* Assumes minimum manufacturing levels. User inputs
can change defaulalues.
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6.2.3.1 Learning Effects

Development of the expression for thearningeffecs for Backup Power application is
similar to that for forklift applications and described in Appendii.1.2.3.

Learning effedin year t =
[(Cumulative 5 kW equivalent backup power fuel cell units manufactured in the US through the
end of year t)/ (3,200)]**2

6.2.3.2 Scale Effects

As discussed idppendixA.1.2.5.3 thebackuppower module uses scale elasticity of
0.20 where the scale elasticity measures the percent reduction in cost for each 1% increase in
annual production volumétis also assumed (Wheeler and Ulsh 20thatnational production
is evenly distributed amorfgur firms andthe Scale effecs will cease at 5,000 units per firm.

As a result the following formulas represent 8waleeffecs for backup power fuel cells
Scale effedtin year t =

If, annual5 kW equivalent backup power fuel cell unitanufactured in the US in year t <=
3,000, then [(3,000 unitfirms)/(2,000 units per firm)f2°

If, 20,000> annual5 kW equivalent backup power fuel cell units manufactured in the US in year
t>3, OOO then [(Annual 5 kW equwalent baclkgqver fuel cell units manufactured in the US
in year t4 firms)/(2,000 units per firm)]-2

Otherwise, [20,000 units# firms)/(2,000 units per firm)f-*°

6.2.3.3 Technological Progres&ffects

TheTechnologicaprogresseffectscalculationis exactly the same der forklift fuel
cells and is given by the formula:

Technological progress effects(1i 296)¥"" 2010)

6.2.4 Fuel Cell Shipping Expenses

Industry sources suggekbe shipping expense for backup power fuel cells may be
somewhat high relative to fuel cell unit prisecausenost shipments compasnly a small
number of units anthey areoccasionally being shipped to more remote locations where grid
reliability is more of a problem. The default shipping expense in JOBS FC is assumed to be 5%
of the default retail price in 2015 and this
time frame (20152020).As with other applications, JOBS FC assumes th&i 60the
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economic impacts associated with a shipping expenditure are incurred in the region of
manufacturing and the remaining 50% of impacts are incurred in the region of installation.

6.2.5 Installation and Hydrogen Storage Expenses

The expenses assated with installing a backup power fuel cell system inchitde
design and engineering, constructibgdrogen storage equipmeraind if applicableany bridge
battery expenses.

Table11 shows the default values used in determining the fuel cell installation and
hydrogen storage costs. The reader is referrégpendixA.3.2 for details on the selection of
these default values.

TABLE 11 Default Assumptions for Installation and HydrogenStorage Equipment
Expenses

Variable Default Value Source
Site design and engineering $8,000per installed fuel cell ArgonneRCF Assumption
Construction $10,000per installed fuel cell ArgonneRCF Assumption
Hydrogen storage and fueling equipment $1,000/kg of stored H2 ArgonneRCF Assumption
Bridge battery $0 per installed fuel cell ArgonneRCF Assumption

The klogramsof stored hydrogen is determined by the fuel efficiency of the fuel cell and
the number of hourthat the fuel celmust run off the storage tank.

6.2.6 Hydrogen Fuel Expenses
When a backup power fuel cell system is installed thereoitivo types of expenditures
for hydrogen fuelThere will be a initial cost associated wittilling the new system. Later
there will be annual réueling expenses associated wigiplacingthefuel that has been used.
Table12 summarizes the assumptions and values usdd/tivogen fuel expensésr

fuel cells for backup power applicatiodsppendixA.4.3 provides information on the
development of these values.
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TABLE 12 Default Assumptions for Initial and Annual Hydrogen Fuel Expenses

Variable Default Value Source
Cost of hydrogermproduction $3/kg ArgonneRCF Assumption
Price of delivered hydrogen Cost($/kg) of H2 + $27/kg ~ ArgonneRCF Assumption
Hydrogen used per kWh of ritime 0.065(kg/kwh) ArgonneRCF Assumption
Required runtime from storage 48 hours ArgonneRCF Assumption
Total annual usage plus test time 24 hours ArgonneRCF Assumption

6.2.7 Maintenance Costs

Fuel cell maintenance costs are the annual costaitatain the fuel cell and related
equipment only. Industry sources sugdbat fuel cellan backup power applicatiofsave
minimal maintenance requirements.

Table13 summarizes the assumptions and values fsedefaultmaintenance expenses
for fuel cellsin backup power applicationBevelopment of these default values is described in
AppendixA.4.3. If the user does not wish to use these defaults, (s)he must input dollar values
(not hours and hourly rates) for trawrelated and/or osite maintenance expenses.

TABLE 13 Default Assumptions for Backup Power Fuel Cell Maintenance Expenses

Variable Default Value Source
Travelrelated (labor and expenses) $360($/fuel celllyear) ArgonneRCF Assumption
Onssite maintenance (labor and expenses)  $90($/fuel cell/year) ArgonneRCF Assumption

6.3 GROSS ANALYSIST EXISTING BACKUP POWER FUEL CELLS

If there are backup power fuel cells already installed in the region of interest at the
beginning of the study period (2015), the economic impact of the continuing fueling and
maintenance of these fuel cells can be calculated in JOBNd-@efault valuesreofferedand
this steps only available fothe GrossAnalysisoption If the user provides information on the
number of existing units, economic impacts will be estimated under the assumption that these
existing units have the same operational charestics as the new units described in previous
steps.

6.4 NET ANALYSIS 7 ALTERNATIVE BACKUP P OWER TECHNOLOGIES

I f the user has qthdadespaced alternativesdk bpbepower anal ysi s
technology musbe accounted fofwo possible alternative backup power technologies are
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included in JOBS F(battery backup anddiesel gepratorset(referred to as a genself) eight
hours or less dbackupruntimeare requiredrom onsite storagea batteryonly system is
selected as the default alternative technoltfignore thartheeighthoursare neededa diesel
genset system is selected as the default alternative technology. The ussemidg the default
and switch to the other alternative technologglowose a mixture of both batteoply systems
and diesel genset systems by specifying the percentage of sitesoteichisewould usea
batteryonly systerm(as opposed to gensets).

Table14 provides the default values for the alternative technologies considered in the Net

Analysis option fobackup power applications. Information regarding these default values is
given inAppendixA.5.3.

TABLE 14 Default Values for Backup Power Net Analysis

Parameter Battery Backup Genset Backup
Percent of technology installed imlted States 65% 42%
that is manufactured innited States
Percent of technology installed outside the 0% 0%
United Statesthat is manufactured inrited
States
Retail Price $0.17x watt-hours of required ~ $12,500 or $20,000 (See
operation from storageer AppendixA.5.5.1)
system
Shipping Cost 5% of default retail pricper 5% of default retail pricper
system system
Bridge battery NA $0
Site design, engineering, permitting $0 per system $0 per system
Construction $0 per system $0 per system
Other Installation Equipment $0 per system $0 per system
Fuel Storage & other equipment NA $0 per system
Cost of diesel production NA $3.40/gallon
Price of delivered diesel NA $3.40/gallon more than diese
production cost
Gallons of diesel consumed NA 0.12 gallon/kWh
Cost of electricity $0.095/kWh NA
Travel (labor and expenses) $1,440/systeifyear $1,440/systeryear
Onssite maintenance (labor and expenses) $180kystenyear $1,0808ystemyear

JOBS FCestimaeseconomic impacts in the United Statedy. Thereforeit is necessary
to identify the portions of the displaced backup power technologies which auéactaned in
the United States:or backugowerfuel cellsthat areinstalledand usedn the United States, the
displacedechnology could haveeen manufetured in the United States or in a different
country.
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Tablel15below summarizes the assumptions and values useédsfdaced battery
systems or diesel gensets manufactured in the United 3ateded discussiaof how the
default assumptions werevkelopedor battery systems and diesel genselilew Table 15

TABLE 15 Defaults for Displaced Battery Systems or Diesel Gensets Manufactured in the
United States

Variable Default Value Source
Percentage of Batteries for backup poivestalled in the United 65% ArgonneRCF Assumption
States manufactured in the United States
Percentage of Batteries for backup power installed outside tt 0% ArgonneRCF Assumption
United States nmraufactured in the United States
Percentage oGensets for backup power installed in the Unite 42% Supplier Relations (2012a)
States mamfactured in the United States
Percentage of Gensets for backup power installed outside th 0% ArgonneRCF Assumption

United States nmaufactured in the United States

6.4.1 Battery Systems

This section presents information related to battery systems for backup power.
Information is provided for retail price, shipping, installation, electricity expenses, and
maintenanceTable16 shows aummary othe default valeswith details on the development of
these default values givenAppendixA.5.4.

TABLE 16 Default Assumptions for Battery Systems for Backup Power

Variable Default Value Source

Total retail price of battery(ies) $0.17/wh per system Mahadevan et al. (2007)

Total shipping expense for battery syster 5% ofdefaultretail priceper system ArgonneRCF Assumption
Site design, engineering, permitting $0 per system ArgonneRCF Assumption
Construction $0 per system ArgonneRCF Assumption
Other installation equipment $0 per system ArgonneRCF Assumption
Cost of electricity $0.093kWh ArgonneRCF Assumption
Travel (labor and expenses) $1,440/system/year ArgonneRCF Assumption
Onssite maintenance (labor and expenses $180/system/year ArgonneRCF Assumption
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6.4.2 Diesel Gensets

This section presents information related to diesel gensets for backup petest
values are shown in Tabl& while details on these values are providedppendixA.5.5.

TABLE 17 Default Assumptions for Diesel Genset Systems for Backup Power

Variable

Default Value

Source

Total retail price for diesel genset

Total shipping expense for genset

system
Bridge battery

Site design, engineering, permitting

Construction

Fuel storage and other equipment

Cost of diesel production
Price of delivered diesel

Gallons of diesel used per kWh
Travel (labor and expenses)
Onrsite maintenance (labor and

expenses)

$12,500 01$20,000 per systelfsee
AppendixA.5.5.7)

5% ofdefaultretail priceper system

$0 per system

$0 per system

$0 per system

$0 per system

$3.40gallon

Twice the default production coper gallon
0.12 gal/lkwh

$1,440system/year

$1,080system/year

ArgonneRCF Assumption
ArgonneRCF Assumption

ArgonneRCF Assumption
ArgonneRCF Assumption
ArgonneRCF Assumption
ArgonneRCF Assumption
ArgonneRCF Assumption
ArgonneRCF Assumption
ArgonneRCF Assumption
ArgonneRCF Assumption
ArgonneRCF Assumption
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7 PRIME POWER

7.1 OVERVIEW

The final option for fuel cell applications considered in JOBS HgZiiise power. In this
application, fuel cells are used to provide electrical power that cagsdueorsite, sold to the
grid, or a combination of the tw@®he fuel cells used in this application are often equipped with
heat recovery equipment so that the heat generated can also be used for central hisating.
combined technology ike option that is modeled in JOBS FC.

Two types of prime power fuel cells are considered in the nibdelolten Carbonate
(MCFC) and Phosphoric Acid (PAFC). Information on each of these options is presented in the
sectionghat followand in theappendix.

7.2 DEFAULT VALUES AND METHODOLOGY

7.2.1 Unit Size andOperations Variables

As of early 2012, MCFCwerecommercially available in three primary plant sizes: 300
kw, 1400 WV, and 2800 kW (FuelCell Ener@p12c). Industry sources suggtst 1400 kW
unit is the primary produciTherefore JOBS FC assumdiis power levehs the default fuel cell
unit size for MCFCs.

PAFCsare currently available as a 400 kW unit (UTC Power 2011). JOBS FC assumes
400 kW as the default fuel cell unizsifor PAFCs.

Users may specify a different fuel cell unit size for either type of fuel cell although it
should be emphasized that calculations are based on the number of fuel cell units of a given size,
not the power requirement of a given site. Fomepla, if the user is modeling a site with a
power requirement of 1 MW and the user has chosen to ia&a0 kW fuel cell units, the user
should specify the fuel cell unit size as 500 kW and the number of fuel cell units to be installed
as fH20.

Thecapacity factor and annual kilowdttours generated per fuel cell are interrelated. If a
capacity factor is specified by the user, then the annual kildhwatts generated per fuel cate
calculated. Conversely if the annual kilowhtturs generated pérel cell is specified by the
user, then the capacity facisradjusted accordingly

As a default, JOBS FC assumes a capacity factor of 90% implying the default annual
kWh generated is defined as:

Default annual kWh generated =
(90% capacityfactor) x (Fuel cell unit size) x (24) x (365)
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If the userchooses to specify a different capacity factor or annual kWh generated, then
the other variable is calculated according to the following equation:

Capacity factor = AnnualkWh generatedPotentialannual kWh)
Where the potential kwWh is defined as:
Potential annual kWh =

(Fuel cell unit size) x (24) x (365)

Table 18 summarizes the default values for these initial parameters.

TABLE 18 Default Assumptions for Fuel CellUnit Size and Operations Variables

Variable Default Value Source Other Default Values Impacted
Fuel cell unit size 1400 kW FuelCell Energy (2010); Annual kilowatthours generated
(kW/unit) (MCFC); UTC Power (2011) per fuel cell, fuekell retail prices,
400 kW (PAFC) fuel cell shipping expense, fuel cel

installation expenses, annual fuel
expenses, fuel cell maintenance
expenses, annual displaced
electricity, and natural gas expense

Capacity factor (annual 90% ArgonneRCF Annual kilowatthours generated
kWh generated/potential Assumption per fuel cell, annual fuel expenses,
annual kwh) annual displaced electricitgnd

natural gas expenses

Annual kilowatthours Calculation Annual fuel expenses, annual
generated per fuel cell displaced electricityand natural gas
(kWhlyear) expenses

7.2.2 Manufactured, Exported, and Imported

No default values are offeretihe user must specify, on a ydaryear basis, the number
of units manufactured in the region of interest and the number of units manufactured elsewhere
and imported into the region. The user has the option of expressing the units manufactured in the
regon but exported out of region as either a percentage of the units manufactured in the region
or as an absolute number of units. If the percentage option is selected, the model will
automatically calculate the number of exported units.

7.2.3 Default Retail Price

As with forklift and backuppower applicationsjefault retail pices for prime power
applicationsaredependent on user input for thespectivduel cell technology, unit size, the
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number of units manufactured in tregion, and the cumulative units manufactured in the United
States through any given year. Basadlefault values in JOBS FC for the relevant parameters
(and assuming a single ustmanufactured in the region #015)Table19 displaysdefault

retail prices foMCFCs and PAFCdn a manner similar to that for forklift and backup power
applications, factors accounting floearningeffects Scale effects andTechnologicaprogress
effectsare applied to this basic cost to estimate the retail price for the specific conditions as
specifial by the user. These factors a@edin the sectiondelow anddescribed more fully in
AppendixA.1.1

TABLE 19 Default Retail Prices for Prime Power
Applications in 2015

Technology Unit Size (kW) Retail Price 20105/kW)
MCFC 1400 2150
PAFC 400 2570

* Assumes minimum manufacturing levels. User inputs can change default values.

7.2.3.1 Learning Effects

As described in Appendi&.1.2.4 JOBS FC uses separate expressions fdrebhening
effectsfor the two types of fuel cellsonsidered in the model.

To determine théearningeffecsin yeart for MCFCs, JOBS FC uses the ratio of
cumulative MW manufactured in the United States through the eyehof, to cumulative MW
manufactured in the United States ateéhd of 2010raised to théearning exponent.152).

MCFC Learning effedin year t =
[(Cumulative MW in the US through the end of year t) / (126 MW]

Where 126 MW is thassumeaumulative MW of MCFCs manufactured in the United
States by the end of 2010 and the learning exponent valheassumed by Greene et al. (2011).

Similarly, the Learning effe for the PAFC optiorareexpressed as:
PAFCLearning effedin year t =
[(Cumulative MW in the US through the end of ye468 MW)] *°?
7.2.3.2 ScaleEffects
As inforklift and backup power applications, tBeale effecs for prime power

applications uses scale elasticity 600.20 where the scale elasticity measures the percent
reduction in cost for each 1% increase in annual production voluieelso assumed thahly
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one firmmanufactuesMCFCs andthe Scale effect ceaseata productionvolumeof 200 MW
per year.

Following thelogic described in AppendiR.1.2.5.4 the Scale effects for MCFC
technology is given by:

Scale effedin year tfor MCFC=
If, MW manufactured in year t < @AW, then (60 MW/22 MWY°
If, 200 MW > MW manufactured in year t >=60 MW, then (MW manufactured in year
t/22 MW)%-2°
Otherwise, (200 MW/22 MVEY°

Where 22 MW igheassumed 2010 MCFC manufacturing level and the exponent is the
scale elasticitpssumed by Greene et al. (2011).

For PAFGit is assumed thahanufacturings confined to onéirm and that the scaling
effectceaseat 80 MW (200 units at 400 kW eachihis assumption is based on information in
Schoots et al. (201@ndGreene and Duleep (2008), amalconversations with manufacturers.

Thereforethe PAFCScale effectis given by:
PAFCScale effestin year t =

If, MW manufactured in year t < 38 MW, then (38 MW/14 M)

If, 80 MW > MW manufactured iyear t >=38 MW, then (MW manufactured in year

t/14 MW)°-2°

Otherwise, (80 MW/14 MW¥°

Where 14 MW igheassumed 2010 PAFC manufacturing level and the exponent is the
scale elasticity assumed by Greene et al. (2011).

7.2.3.3 TechnologicalProgress

The expression foFechnologicabprogresseffectss the same as that for the other
technologies considered in JOBS FC.

Technological progress effects(&i 2%0)Ye" 2019

7.2.4 Shipping Expenses

The defaulshipping expense in JOBS FC is assumed to be 2% of the default retail price
in 2015.As with other applications, JOBS FC assumes that 50% of the economic impacts
associated with a shipping expenditure are incurred in the regroaraifactue and the
remaining 50%are incurred in the region of installation.
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7.25 Installation Expenses

Defaultinstallation costs foprime power applicationsire thosef the fuel celland related
construction expenseassunng that abasicnatural gas infrastructuadready existst the site
Table20 below shows the default parameters whifgendixA.3.3 provides the rationale used
in selecting these values.

TABLE 20 Default Assumptions for Prime Power/CHP Fuel Cell Installation Expenes

Variable Default Value Source Other Default Values Impactec
Total installation expense 30% of default ArgonneRCF Assumption Site design and engineering,
($/installed fuel cell) retail price in 2015 construction, heat recovery
equipment
Sitedesign and 20% of total ArgonneRCF Assumption
engineering ($/installed  installation expense
fuel cell)
Construction ($/installed 50% of total ArgonneRCF Assumption
fuel cell) installation expense
Heat recovery equipment 30% of total ArgonneRCF Assumption
($/installed fuel cell) installation expense
External gas cleanup $0 ArgonneRCF Assumption
equipment ($/installed
fuel cell)

7.26 Prime Power Fuel Expenses

The default annual fuel expense per fuel cdilasedonthe price of delivered natural gas
(using the default of $9 pénousanctubic feet or a user specified goahd the natural gas
consumed per yeafhe latter termexpressed imillion cubic feetis determied via the
relationship:

Natural gas consumed per yeandf/year) =
(scfmec yypd X (fuel cell unit size) x (capacity factor) x 60 x 24 x/3680

Where thescfnic yperepresentuel efficiency(standard cubic feet per minuser kW)

andis dependent on the fuel cell tyf@efault values for these parameters are shown in 2dble
AppendixA.4.4.1provides theationale used in selecting these values
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TABLE 21 Default Assumptions for Fuel Expenses

Variable Default Value Source OtherDefault Values Impacted
Price of delivered natural gas $9/mcf EIA 2012 Annual fuel expense per fuel cell
($/mch
MCFCi fuel consumption 0.129scfmper kW FuelCell Energy Natural gas consumed per year

(2010)

PAFCI fuel consumption 0.179scfmper kW UTC Power (2011) Natural gas consumed per year
Natural gas consumed per yee Calculation Annual fuel expense per fuel cell
(mcfyear)

Annual fuel expense per fuel Calculation
cell ($/fuel celllyear)

7.2.7 Prime Power Maintenance Expenses

JOBS FC assumes the default fuel cell maintenance experescfduel cell type is
approximately7.5% oftotal initial capital expense in 2015 (retail price + installation expense).
The maintenance expense is assumed to applyunitsinoper at i on | framehe t ool
(2015 2020).The default percentage is based on a variety of maintenance cost estimate
includingRemick and Wheeler (2010%reene et al. (2011), and McGervey and Stinton (2011).

7.3 GROSS ANALYSIST EXISTING FUEL CELL UNITS IN R EGION

If the user elects to do a gross analysis, the number of units in opénatienselected
regionat the beginning of 201&an be enteredo default values are offerddr this step By
entering the existing number of operational units uercan estimate the economic impacts
associated with fueling and maintaining thesegorei st i ng f uel «c drhnhes over
(2015 2020) in addition to angewfuel cellsdeployed It is assumed that all units identified in
this step have the same operational characteristics as the new units described in the previous
steps.

7.4 NET ANALYSIS 1 DISPLACED GRID ELECTRICITY AND NATURAL GAS

| f the user has elected to ddNadi metal @analeys
has been selected), the usanspecify information regarding the energy displaced by the fuel
cells either as electricity or as natural dasfault values for thélet Analysis are shown in Table
22. AppendixA.5.6 summarizes the bases for these defaults.
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TABLE 22 Defaults for Net Analysis of Prime Power Applications

Price of delivered electricity $0.095/kWh

Quantity of displaced grithased electricity 100% ofannual generation from fuel cell

Price of delivered natural gas ($/1000 cubic fee  Equal to cost used in calculating fuel cell operating co:

Available heat energy from fuel cell MCFC: 43% of energy in natural gas consumed;
PAFC: 52% of energy in naturgas consumed

Percentage of available heat utilized 60%
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8 MANUFACTURING FACILITIES

8.1 MANUFACTURING FACILI TY OVERVIEW

The final two modules in JOBS FC allow the user to estimate the economic impacts
associated with the constructionménufacturingfadéi t i e s .

The fi

rst

Co n st r,eondider®thecconstruction of a néaility or theexpansion of an existinfgcility

to producePEMfuel cells used in forklift or backup power applications. The second, entitled

APri me Facil ity Ceonstadtionwfamnewdaciliy,to manuaonvErEss

or PAFCsfor prime power applications.

c al

For each construction modylthe user must input the geographic region to be considered

along with the annual production capacity of the facility. FoilRB& facility, theuser must
indicatewhether thgroductionfacility is new or an expansion of axisting facility. For the

PEM modulecapacity must be expressed in terms of 5hatkuppower unit equivalents. For

the Prime Power Construction modud@nual capacitynustbe expressed in terms of total

megawatt prduction. No default values are provided for these data entries.

8.2 MANUFACTURING FACILI TY INITIAL COSTS

Default values are provided fepecific categories of constructionss for the facility.
Rather than specific values however, each dfdtefaultsis based omnit size angnnual
production Table23 shows default values for specific facility construction scenarios as follows:
an existingd kW PEM facilitywith a currentcapacity of 500 units which is tee expanded to
1000 unitsa new 5 kW PEM facility with an annual capacity of 500 units

TABLE 23 SampleDefault Values fora PEM Construction Facility

Item Expanded Facility New Facility
Land Cost $0 $117,900
Closing Cost $0 $7,100
Facility (Building) Construction $0 $4,025,000
Total Materials Hanlihg Costs $0 $248,000
Total Fixed Production Line Equipment Costs $0 $5,227,500
Total Variable Production Line Equipment Cos $1,595,000 $1,595,000

Construction costfor facilitiesto producerime poweifuel cellsarelessdetailedthan

for facilitiesto producdPEMs. As a resultthe defaults represeaggregate costs. Table 24

shows default values for a ng@asime power construction facilityith an annual capacity of 50
megawatts. Discussions of the development of these default parameters can be found in

AppendixA.6.
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TABLE 24 Defaults for Prime Power

Manufacturing Facility Construction (Assuming

50 MW Annual Production Capacity)

Land Cost

Closing Cost

Site Design & Engineering
Construction

Equipment

$543,200
$32,600
$3,717,200
$14,868,80
$45,100,200
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9 MARKET FORECASTS

JOBS FC contains a tab whiobtes a estimated total potentialarket forecadior
Classes I/ll, and 11l forklifts and for backup power for telecommunicatites These forecasts
representotal possibleshipmentdor fuel cells, assuming fuel cellse used for all new forklifts
and backup power for telecommunication installations. This information is included to assist the
user in determining estimates of possible market penetration in the new forklift amdciayp
power installation markets. This information is provided for reference dhiuser cannot
change these daitathe tableas they are applied in the model as defaults for production lavels
the Forklift and Backup Power modulétowever, the ugemay override these defaults by
inputting values in the INPUTS tab as appropridtee default production rates are shown in
Table25.

TABLE 25 Estimated Total Potential U.S . Market Forecasts

Class I/l Class Il Backup Powefor
Year Forklifts Forklifts Telecommunications
2015 51,000 51,000 17,500
2016 54,000 54,000 17,750
2017 56,250 56,250 18,000
2018 57,750 57,750 18,250
2019 59,250 59,250 18,500
2020 60,750 60,750 18,750

Source:RCF estimate based on industry sources
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10 RESULTS

Results from the maal are presented in two formatsCharts (figures) and Tables.
Results are presentég year and include employment (expressed in terms eygains),
Earnings, andEconomicOutput. These results apeoken dowrfurtherinto Direct, Indirect,
Induced, and Supply Chain impacts. Where applicibéé results are provided in addition to
Gross results.

As described previously, the employment impacts estimated within JOBS FC are
expressed i-yearsmé ©OHi fijodrm i s defined as ont
Because the expenditures used in JOBS FC are assumed to take place in a givaragda, it
concluded that the jepears estimated within that given yeaeequal to the number of jobs
supported by the expenditures during that year. However, the employment figures used in
developing the multipliers within the RIMS model combine thedatg of full and paftime
employment. It is therefore difficult to determine the number oftiuie-equivalent (FTE) jobs
supported by these expenditures. Future versions of the JOBS model will address this issue by
incorporating the ratio of fullime-equivalent jobs to the total number of employees (full and
parttime). These data are available on a seloyesector basis from theSBureau of Economic
Analysis (BEA). While this analysis has not been conducted for the results described in this
report,preliminary examination suggests that the number oftifuk-equivalent jobs supported
by these expenditures is in the range of approximatel9®% of the jobyears reported.

An example of the results provided by JOBS FC is provided below for a sklseeinput
scenaridor backup power fuel cellss described in Sections 10.1 and 10.2.

10.1 BACKUP POWER EXAMPLE SCENARIO INPU TS

A user is interested in the gross economic impacts of increasing production of fuel cells
for backup power in lllinoigluring the 20152020 timeframe, with 80 percent of the units
exported each year from lllinois. Entering information on the Backup INPUT& igtre 4, the
user specifies that in the base year 1 D80V fuel cells are manufactured in lllinois with 800 of
the units exported to regions outside lllinois. In each subsequent year, production grows by 200
fuel cells with an additional 40 units exported each year. Default values are used for all other
paraneters.

Step 3c - Enter Backup Power Fuel Cells

Exported out of region Imported into Exported out of region Imported into
( % of manufacturing) region (units only) (units) region (units)
| User-specified value U ified value  User-specified value Units used in model calculations

P

Backup Power
2015 1,000 80% 1,000 800
2016 1,200 80% 1,200 960
2017 1,400 80% 1,400 1,120
2018 1,600 80% 1,600 1,280
2019 1,800 80% 1,800 1,440
2020 2,000 80% 2,000 1,600

5 kW Fuel Cells

Manufactured, Imported, and
Exported for IL

FIGURE 4 User Inputs: Backup Power Example Scenario
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As shownin Figure § fuel cell manufacturing grows from 1,000 units per year to 2,000
units per year over the 2018020 time period. In this illustrative example, with 80%hef units
exported outside lllinois, the number of units installed each year in Illinois grows from 200 to
400. Other key scenario assumptions, using default values, are provided below.

Key Scenario Assumptions

Value (dollar

values are in
Category 2010%) Year| BuP Annual Units Mfg. BuP Annual Units Installed
Region IL 2015 1,000 200
Analysis Type Gross 2014 1,200 240
Backup power fuel cell unit size (average kW/unit) 5] 2017 1,400 280
Average power load during operation (average kW) 3 201§ 1,600 320
Hours of required run-time from on-site storage (hours) 48 2014 1,800 360
Annual backup run-time (total hours/year) 20 202( 2,000 400
Annual testing run-time (total hours/year) 4 Notes
Total fuel cell installation expense ($/installed FC) $33,5001) All dollar values are in 2010$. (2) Economic impacts are assumed to occur i
Initial (stored) H2 fuel expense ($/installed FC unit) $468year that expenditures occur. For each year's expenditures, the economic impg
Annual H2 fuel expense ($/operating FC unit/year) $140direct, indirect, and induced effects for employment, earnings, and output. (3) Ti
Total FC maintenance expense ($/FClyear) $450economic impacts = Direct + Indirect + Induced; Supply chain impacts = Direct 1
Please review Step 10 of the 'Backup INPUTS' sheet for assumptions regar{Indirect. (4) Employment includes both full and part-time jobs. (5) Earnings and
batteries and/or gensets for backup power which impact the net analysis _|results are in thousands of 20108.

FIGURE 5 Key Scenario AssumptionsBackup PowerExample Scenario

10.2 BACKUP POWER EXAMPLE SCENARIO RESULT S

JOBS FQprovidestwo resultstabs Backup RESULTS Chartsand Backup RESULTS
i Tables. Results are provided in 2010 dollars and economic impacts are assumed to occur in the
same year as expenditurésr our example scenarite charin Figure 6shows changes in
employment by year for foaxpenditurecategories: fuel cell, installation, fuel, and
maintenance. Results for each category are divigitiderinto supply chain impact&nd induced
impacts. As shown, total gross employment grows from approximately 25& b to
approximately 470 jolyears over theix-year scenario. Benefits of installing and operating the
80% of units that are exported are not included in thesdts as they occur outside of lllinois.
All manufacturing benefits and 50% of the shipping expenditures for the exported units are
included in the benefits for lllinois. The table below the bar chart gives employment changes for
each category. In this gss analysis, the black lisowstotal employment impagin job-
years. A job-year is one year of work for one person, and there is no distinction between full
time and partime work.
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Employment Impacts (2015-2020)
Backup Power Fuel Cell Scenario

JOBSFC1.1
500
450
400
Gross Backup 350
Power Fuel Cell-
300
related
Employment (Job- 250
years) 200
150
100
50
) 2015 2016 2017 2018 2019 2020
=1 Gross BuP Fuel Cell Supply Chain 94 107 120 132 143 153
1 Gross BuP Fuel Cell Induced 56 64 72 79 86 91
[ Gross BuP FC Installation Supply Chain 67 81 94 108 121 135
1 Gross BuP FC Installation Induced 35 42 49 56 63 70
mE Gross BuP FC Fuel Supply Chain 1 2 3 3 4 5
= Gross BuP FC Fuel Induced 1 1 1 1 2 2
= Gross BuP FC Maintenance Supply Chain 1 2 3 4 5 7
1 Gross BuP FC Maintenance Induced 0 1 2 3 4
==t Gross BuP FC-related Total 256 300 343 386 428 468

FIGURE 6 Employment Estimates Backup PowerExample Scenario
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APPENDIX: Development of Default Parameters for JOBS FC

Many of the default values provided in JOBS FC are developed in a similar manner for
each of the three applications. Following are descriptions of Hesdar processes.

A.1 MANUFACTURING COSTS

The manufacturing cost is the summation of all cossoamted with manufacturing a
fuel cell includingmaterials, direct labor, capital maintenance, and direct manufacturing
overheadln JOBS FC, the mnufacturing cost cannot excetbe retail price.Default
manufacturing costs are calculated using default values and/or user inputs in addition to
information from Battelle (2011), Greene et al. (20)Y¥heeler and Ulsh (2012andArgonne
RCF assumptiong.hese costs are based on four parametersi¢isatibe 88asemanufacturing
cost Learningeffects Scale effects andTechnologicalprogresseffects The following
paragraphs summarize each of these factors. The reader is referred to the references at the end of
this report for more detail on these factors.

A manufacturing cost function is embedded in JOBS FC to approximate evolving
manufacturing costs based on user specified annual production, as well as cumulative production
through 2015 and beyondlOBS FGincorporates a manufacturing cost forecasting function
presented in Greene et al. (2011).

The manufacturing cost function is as follows:

Manufacturing cost in year t =
(Base manufaaring cost) x (Learning effegtx (Scale effes} x (Technologicaprogress
effecs)

The following sections provide additional discussion ofBasemanufacturing cost
Learningeffects Scaleeffects andTechnologicaprogresseffects
A.1.1 Base Manufacturing Cost

The Basemanufacturing coss not visible in the tool, but helps determine the ymar
year manufacturing cost values. The fuel cell unitsssze the only variables thdetermine the
Basemanufacturing cosaccording to the following function.

Basemanufacturing cost ($/kW) Cpnstan} x (Fuel cell unit sizej*°"e"

The values for Constant and Exponent are shown in TabferAgach application.
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TABLE Al Factors for Base Manufacturing

Cost
Application Constant Exponent
Forklift $5,293 -0.405
Backup Power $2,647 -0.405
Prime Power (MCFC) $14,689 -0.198
Prime Power (PAFC) $13,919 -0.198

The valueb5,293kW is based omformationpresented in Battelle (2011) whehe
manufacturing cost for a 5 kW backup power fuel cell in 2010estimated to be $1,378he
ratio of prices for aorklift fuel cell to a backup power fuel cell of the same size was assumed to
be 2.0based in part on Greene (201The $2647/kW value for backup power applications is
from the same source. TH&405 eyonent for both forklift and backup power applications was
estimated byschoots et.al. (2010More detail on these values can be founGiieen etl.
(2011).

Information for the development of ti@gonsantsfor the Prime Power applications is
presented in Remick et al. (2010). For the 300 kW, 1400 kW, and 2800 kW MCFC units,
Remick et al. estimate total installed expenses of $5,500/kW, $4,200/kW, and $3,500/kW
respectively. The installation portion of the total installed expense is only prégenthe 1400
KW unit and is reported to be $700/kW, or.4f the total installed expense. Assuming that the
installation expenses are /®tal installed costs for the other sizes as well, the retail price
equivalent for the 300 kW, 1400 kW, andOBkW units would be approximately $4,580/kW,
$3,500/kW, and $2,920/kWespectively. These latter values were used to derive a simple power
function with the exponent shown above. This exponent and the base retail price ($3,500/kW)
associated with the dadlt fuel cell unit size (1400 kW) for MCFC units yield tenstant noted
above for the MCFC option. Note also that this value yields the Base Retail Price as opposed to
the Basemanufacturingcostfor the forklift and backup powexpplications.

The exponent determined for the MCFC was also applied to the PAFC technology.

Normalizing the data to a $4250/kW value given in Green et. al. (2011) for a 400 kW PAFC
application, yields the Constant presented in the aboveftatilee PA-C.

A.1.2 Learning Effects

A.1.2.1 GenericLearning Effects

The cumulativeoroductionof fuel cells determines theearningeffects also known as
cost reductions due to learnibg-doing.Learningby-doing is ofen measured using progress
ratioswhich represent how the cost of productionsfafter cumulative productiochanges
Greene et al. (2011) summarize various estimates of historical progress ratios but emphasize that
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there is no precise way to estimate future cost reduadorspecially for novel technologies.
Many of the progress ratios from the studies highlighted by Greene et al. were in the range of
0.75 0.85 (implying a 1625% reduction in costs for every doubling of cumulative production).
Greene et al2011) howeverconservatively assume a progress ratio of 0.90 (implying a 10%
reduction in costs for every doubling of cumulative production) fduellcelltechnologies
considered in JOBS EChey furtherstate this is because the learning, scale Tactinological
progress effectare modeled separately in their studyit is in JOBS FC.

JOBS FCthus includes the assumptionabprogress ratio of 0.90 for dillel cell
technologiesThis expressiois mathematically equivalent tdearning exponent of
approximately-0.152. For more information, see the discussion of progress ratio selection in
Greene et al. (2011).

A.1.2.2 Forklift Learning Effects

Greene et al. (2011) estimate thpproximately2,700 (cumulativeb kW equivdent
forklift fuel cell units were manufactured in the United States by the end of 2010. JOBS FC uses
this number to establish a baseline for determihe@rningeffects

Based on informt#on in Wheeler and Ulsh (2012) and othel®BS FC assues three
manufacturers anBl00 5 kW equivalerforklift fuel cell units(per manufacturelis appropriate
for the forklift fuel cell market during the period 2G2D14. As a resultptestimate the possible
cost reductions due to learnibg-doing overthis time frame (not available as user inputs),
JOBS FC assumes an averagé,6005 kW equivalenforklift fuel cell unitsare manufactured
in the United States each year from 2QA014.As a result of these considerations, ltlearning
effects for forklift applications is expressed in JOBS FC as:

[(Cumulative5 kW equivalenforklift fuel cell unitsmanufactured in the US through the end of
year 1)/@,700)] °*°?

So as not to | imit usero6s abil inwlyingt o analy
smaller regions, JOBS FC also assumes a minimum of 3,800 equivalenforklift fuel cell
unitsare manufactured in the United States each year froni 2026. This means théat
regardless of region selectidn if the number of units manuftured inyeart (as specified by
the user) is less than 3,000 units in a given year, the tool will use 3,000 units to calculate
Learningeffects If the numbef units manufactured ipeart is greater than 3,000 units, then
the usesspecifiedvalues will be used for each year.

A.1.2.3 Backup Powellearning Effects
Greene et al. (2011) assumggproximately 3,200 (cumulative) 5 kW equivalent backup

power fuel cell units were manufactured in the United States by the end of 2010. JOBS FC uses
this number to establish a baseline for determihie@yning effects
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Wheeler and Ulsh (2012), suggest four manufacturers and 500 units (per manufacturer)
may be appropriate for the backup power fuel cell market. As a reseafttilmate the possible
cost reductions due to learnihg-doing over the 2012014 time frame (not available as user
inputs), JOBS FC assumes an averadg&@fio 5 kW unit equivalent backup power units are
manufactured in the United States each year fromiZIiy.

To detemine theBackup Powetearningeffectin yeart, JOBS FC uses the ratio of
cumulative 5 kW equivalent backup power fuel cell units manufactured in the United States
through the end ofeart, to the cumulative 5 kW equivalent backup power fultlLsgts
manufactured in the United States at the end of 2010 raised to the learning exj@ohga}. (
Thus:

Learning effedin year t =
[(Cumulative 5 kW equivalent backup power fuel cell units manufactured in the US through the
end of year t)8,200)] **2

So as not to | imit usero6s ability to analy
smaller regions, JOBS FC also assumes a minimum of 3,000 5 kW unit equivalent backup power
units are manufactured in the United States each year 0&6i 2020. This means théat
regardless of region selectién if the number of 5 kW equivalent units manufacturegear t
(as specified by the user) is less than 3,000 units in a given year, the tool will use 3,000 units to
calculatel_earningeffects If the number of 5 kW equivalent units manufacturegear tis
greater than 3,000 units, then the es@ecified values will be used.

TableA2 summarizes the assumptions and values used foetraing effect portion of
thebackup powemanufacturing cost function.

TABLE A2 Learning-by-doing Assumpions for Backup Power Fuel CellManufacturing

Parameter Value Source
Progress Ratio 0.90 Greene et al. (2011)
Learning exponent -0.152 Greene et al. (2011)
CumulativeUnits* Manufactured in the 3,200* (units) Greene et al. (2011)

United Statesby the end of 2010

Units* Manufactured Annually in thetdted  2,000° (units/year)  Wheeler and Ulsh (20124rgonneRCF
States(2011-2014) Assumption

Minimum Units* Manufactued Annually in 3,000 (units/year)  ArgonneRCF Assumption
the United States(20152020)

* All units are in 5 kW unit equivalents
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A.1.2.4 Prime Powerlearning Effects

Due to differences in the maturity of the two Prime Power applications, separate
Learningeffecsrelationships are developed for the MCFC and PAFC technologies. As the
learning exponent 60.152 was developed based on information concernirigedltell
applications, this exponent will be used for both Prime Power technologies.

A.1.2.4.1 MCFC Technology

Based on publically available information from FuelCell Energy (FuelCell Energy, 2012a
and b), the JOBS FC authors estimate the cumulptduction of MCFCs through 2010 to be
126 MW. As the year 2010 was the year for which the baseline retail MCFC cost is estimated,
the model uses 126 MW of cumulative MCFC production through 2010 to establish a baseline
for determining_earningeffects

To estimate the possible cost reductions due to leabyuping over the 20112014
time frame (not available as user inputs), JOBS FC assumes an average of 60 MW of MCFCs are
manufactured in the United States each year fromiZii¥ which is slightly higher than the
56 MW of current annual production stated by FuelCell Energy for 2011 (2012b).

To determine th&earningeffecsin year tfor MCFCs, JOBS FC uses the ratio of
cumulative MW manufactured in the United States through the eyebot to the cumulative
MW manufactured in the United States at the end of 2010 raigkd tearning exponent
(-0.152).

MCFC Learning effestin year t =
[(Cumulative MW in the US through the end of yeKi26 MW)[ %2

Where 126 MW igheassumeaumulative MW of MCFCs manufactured in the United
States by the end of 2010 and the learning exponent is the one assumed by Greene et al. (2011).

So as not to |imit userdés ability to analy
smaller regions, JOBS FC also assumes a minimum of 60 MW are manufactured in the United
States each year from 202020. This means that regardless of region eetiond if the
total MW manufactured igear t(as determined by fuel cell unit size and the number of units
manufactured itheregion) is less than 60 MW in a given year, the tool will use 60 MW per
year to calculateearning effectslf the total MV manufactured iyear tis greater than 60 MW,
then the usespecified values will be used.

A.1.2.4.2 PAFC Technology
Learning effect$or PAFCs are estimated in a similar manner. In these applications the

factor used in JOBS FC uses information from Montany (2011) where it is stated that over
270units of 200 kW capacity and 35 units of 400 kW capacity PAFCs had been installed
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globdly. It is thereforeconcluded by JOBS FC authors that 68 MW of cumulative PAFC

capacity had been manufactured through the end of 2010, the year the base retail price from
Greene et. al (2a) is used in JOBS FC.

To estimate the possible cost reductitors® AFCunits due to learningy-doing over

the 20112014 time frame (not available as user inputs), JOBS FC assumes an average of 38
MW of PAFCs are manufactured in the United States each year frornZIMLThis value is

based on the assumption ta#it35 PAFC 40kW units were completed in 2010 and that the
ratio of the annual production during the 202014 period to the 2010 production rate of 14
MW was the same as the ration for the MCFC produdioie.,2.7.

To determine théearnng effecsin year t JOBS FC uses the ratio of cumulative MW

manufactured in the United States through the erygaft to the cumulative MW

manufactured in the United States at the end of 2010 raisked karning exponentq.152).

PAFC Learningeffecsin year t =

[(Cumulative MW in the US through the end of ye{68 MW)[-*>?

S0 as not t o

smaller regions, for a PAFC scenario JOBS FC also assumes a minimum @ 38eMV

' imit userds ability

t

(0]

manufactured in the United States each year fromiZIR). This means thét regardless of

region selectio® if the total MW manufactured ipear t(as determined by fuel cell unit size

anal

and the number of units manufactured in region) is less than 38 MW in a given year, the tool will

use 38 MW per year to calculdtearningeffects If the total MW manufactured iear tis

greater than 38 M\When the usespecified values will be used.

TableA3 provides the Learningy-doing parameters for Prime Power Applications.

TABLE A3 Learning-by-doing Assumptions for Prime Power Applications

Value
Parameter MCFC PAFC Source
Progres$atio 0.90 0.90 Greene et al. (2011)
Learning exponent -0.152 -0.152 Greene et al. (2011)

Cumulative MW Manufactured in the
US by the end of 2010

Average MWManufactured Annually
in the US (20142014)

Minimum MW Manufactured Annually
in the US (20152020)

126 MW 68 MW

60 MW/year 38 MW/Year

60 MW/year 38 MW!/year

FuelCell Energy (2012a, 2012b):
ArgonneRCF assumption based o

Montany (2011)
ArgonneRCF Assumption

ArgonneRCF Assumption
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A.1.2.5 Scale Effects

A.1.2.5.1 Scale Exponent

Scale effectare determined by the number of units manufactured per firm in a given
year. Based on Schoots et al. (2010), Greene and Duleep (2008), and conversations with
manufacturers, Greene et al. (2011) assumes a scale elastifi@ivhere the sde elasticity
measures the percent reduction in cost for each 1% increase in annual production volume.
Greene at al. (2011) also assumes national production is evenly distributedraamrigcturing
firms and theScaleeffecs will cease at 5,000 uts per firm.The Scaleeffects exponent 0f0.2 is
used for all applications in JOBS FC.

A.1.2.5.2 Forklift Applications

JOBS FC assumes that a minimum of 3,600 equivalenforklift fuel cell unitsare
manufactured in the United Statestloey e ar s o f tfriame (201620200 3OB% FCme
al so uses Wheeler and Ul shdés (2012) assumptio
production. As a result, JOBS FC assumes a minimum of 5,899 equivalentorklift fuel cel
units are produced péri r m per year frameeThis mdare thét osegdrdiess oft i me
region selectio® if the number of forklift fuel cell units manufacturedyiear t(as specified by
the user) is less than 3,000 tdietW equivalentorklift fuel cell unitsin a given year, the tool
will use 1,000 units per firm per year to calcul@tale effectslf the total number of units
manufactured iryear tis greater than 3,000 units (1,000 units per firm), but lessithan0
units 6000units per firm), then t userspecified value will be divided by three to calculate
Scaleeffects If the total number of units manufacturedyear tis greater thaid 5,000 units, then
the Scale effect associated with 5,000 units per firm is used.

TheScale Effedin yeart is thus represented by conditional expressions as follows:

If, Annual5 kW equivalent forklift fuel cell uniteanufactured in the US in year t <= 3,000, then
[(3,000 units/3 firms)/2,000 units per firrPf°

If, 15,000 > Annuab kW equivalent forklift fuel cell unitmanufactured in the US in year t >
3,000, then [(Annual forklift fuel cell units manufactured in the US in year t/3 firms)/(2,000 units
per firm)] %

Otherwise, [(5,000 units/3 firms)/2,000 units per firf)f°

Where 2,000 is the number of units per firm associated witBake manufacturing cost
from Battelle (2011) and the exponent is the scale elasticity assumed by Greene et al. (2011).
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A.1.2.5.3 Backup Power Applications

JOBS FC assumébata minmum of 3,000 5 kW unit equivalent backup power units are
manufactured in the United Statesfloeyeaso f t h e frame (2@152020). JOBS FC
alsouseSWh e el er an d addumgtioroofour firrAstaddz2yenly distributed production.
As a result, JOBS FC assumes a minimumatfunits are produced per firper year over the
t o ol OfmmetThismeeans that regardless of region selectidn if the number of 5 kW
equivalent units manufaated inyear t(as specified by the user) is less than 3,000 units in a
given year, the tool will usés0 units per firm per year to calcule®eale effectslf the total
number of 5 kW equivalent units manufacturegear tis greater than 3,000 unitg50 units per
firm), but less thar20,000 units (5,000 units per firm), then the uspecified valuavill be
divided by fourto calculateScaleeffects If the total number of 5 kW equivalent units
manufactured iryear tis greater tha@0,000 units (5,000 units per firm), then tBealeeffect
associated with 5,000 units per firm is used.

As a resultthe following formulas represent tiseale effects for Backup Power Fuel
Cells:

Scale effedtin year t =

If, annual5 kW equivalent backup power fuel cell units manufactured in the US in year t <=
3,000, then [(3,000 unit$firms)/2,000 units per firm)j-*°

If, 20,000> annual5 kW equivalent backup power fuel cell units manufactured in the Yr
t > 3,000, then [@nnual5 kW equivalent backup power fuel cell units manufactured in the US in
year tA4 firms)/(2,000 units per firm)j%°
Otherwise, [R0,000 unitsA firms)/2,000 units per firm)j-*
TableA4 summarizes thassumptions and values used for the scale effect portion of the

manufacturing cost function.

TABLE A4 Scale Effect Assumptions for Backup Power Fuel Cell Unilanufacturing *

Parameter Value Source
Scale Elasticity -0.20 Greene et al. (2011)
Units Manufactured per Firm Annually f@ase 2,000 (units/firm/year) Battelle (2011)
manufacturingcost
Number of Firms 4 Wheeler and Ulsh (2012)
Minimum Units Manufactured Annually per Firm 750 (units/firm/year)  ArgonneRCF Assumption
(2015 2020)
Full Scale Annual Manufacturing Level 5,000 (units/firm/year) Greene et al. (2011)

* All units are in 5 kW unit equivalents
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A.1.2.5.4 Prime Power Applications

Similar to forklift and backup power applications, the scale effect for prime power
applicationsusesa scale elasticity 60.20 where the scale elasticity measures the percent
reduction in cost for each 1% increase in annual production volumeldbisissumed that there
is only one firm fofPrime Powemanufacturing and that the scale effedt cease at 200 MW
per year.

JOBS FC assumes a minimum of 60 MW are manufactured in the United States for each
year of t fraane 2@lL52020)s Therafonde regardless of region selectidn if the
total MW manufactured igear t(as determined by fuel cell unit siaad the number of units
manufactured in region) is less than 60 MW in a given year, the tool will use 60 MW per year to
calculate scale effects. If the total MW manufacturegeaar tis greater than 60 MW, but less
than 200 MW, then the usspecified values will be used. If the total MW manufacturegkesr
tis greater than 200 MW, then the scale effect associated withl@0& used.

Scale effestin year tfor MCFC=
If, MW manufactured in year t < 60 MWhen (60 MW/22 MWA?°
If, 200MW > MW manufactured in year t >=60 MW, then (MW manufactured in year
t/22 MW)%-2°
Otherwise, (200 MW/22 MVEY°

Where 22 MW is thassume@010 MCFC manufacturing level and the exponent is the
scale elasticity assumed by Greene et al. (2011).

For PAFCs it imalsoassumed that there is one manufacturing firm and that the scaling
effect will cease at 80 MW (200 units at 400 kW eath)s assumption is based on information
in Schoots et al. (2010), Greene and Duleep (2008), ancgergations with manufacturers.

JOBS FC assumes a minimum of 38 MW of annual PAFC production capacity is
manufactured in the Wtimeframal(20852020).eTbud dregardlessy t h e
of region selectiod if the total PAFC production igear t(as determined by fuel cell unit size
and the number of units manufactured in region) is less than 38 MW in a given year, the tool will
use 38 MWper firm per year to calculaseale effectdlf the total MW manufactured iyear tis
greater than 38 MW, but less than 80 MW, then the-sigecified values will be used. If the
total MW manufactured igear tis greater than 80 MW, then teeale effets associated with 80
MW is used. Therefore the PAF&tale effectaregiven by:

PAFC Scale effedtin year t =
If, MW manufactured in year t < 38 MW, then (38 MW/14 M)
If, 80 MW > MW manufactured in year =38 MW, then (MW manufactured in year
t/14 MW)°-2°
Otherwise, (80 MW/14 MV{y°

Where 14 MW is thassume@010 PAFC manufacturing level and the exponent is the
scale elasticity assumed by Greene et al. (2011).
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TableA5 summarizes the scale effect assumptions for Prime Power applications in
JOBSFC

TABLE A5 Scale Effect Assumptions for Prime Power Applications

Value
Parameter MCFC PAFC Source
Scale Elasticity -0.20 -0.20 Greene et al. (2011)
MW Manufactured per Firm 22 MW/firmlyear 14 MW/firm/year  FuelCell Energy (2012b):
Annually for Basemanufacturing ArgonneRCF assumption
cost based on Montany (2011)
Number of Firms 1 1 Greene et al. (2011)

Minimum MW Manufactured 60 MW/firm/year 38 MW/firm/year  ArgonneRCF Assumption
Annually per Firm (20162020)

Full Scale Annual Manufacturing 200 MW/firm/year 80 MW/firm/year = Greene et al. (2011)
Level

A.1.2.6 Technological Progress Effects

Greene et al. (2011) defifechnological progressffectsas the reductions in
manufacturing cost due to research and development. They assume an annual 2% reduction in
manufacturing costs due Technological progresgffects This factor is independent of the
cumulative fuel celproduction.JOBS FC makes this same assumption for theiZIZD time
frame.The effect ofTechnologicaprogresseffectsfor all applications in JOBS FiS thus
expressed as:

(1-|- 204 )(yeart i 2010)

A.2 FUEL CELL SHIPPING EXPENSES

Default Shipping Expenses for all applications in JOBS FC are estimadeginmlar
mannerEach default cost is expressed as a percentage of the default retail price in the year 2015.
As indicated in Table B, the percentage is different feach application reflecting differences in
the physical size of the fuel cells and the magnitude of the retail pheexpense is assumed
to apply for al lfraype(20t5202®.f t he t ool 6s ti me
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TABLE A 6 Default Shipping Costs

Application Default Shipping Cost as Percentage of Default Retail Pr
Forklift 3.5
Backup Power 5.0
Prime Power 2.0

JOBS FC assumes that 50% of the economic impacts associated with a shipping
expenditure are incurred in the region of manufacturing ancethaining 50% of impacts are
incurred in the region of installatioror example, if the user has chosen to install imported fuel
cells into their region and the shipping expense is $250/fuel cell unit, then only $125 of this
expenditure will have an impain the region of installatiorConversely, if the user has chosen
to manufacture and export fuel cells from their region and the shipping expense is $250/fuel cell
unit, then only $125 of this expenditure will have an impact in the region of manufgctfirin
the fuel cell units are being manufactured and installed in the same region, then the entire
shipping expenditure will have an impact in the selected region.

A.3 INSTALLATION EXPENSE S

Each of the applications considered in JOBS FC will requingesinstallation expenses.
Due to the type of application however, there are differences in what these installation expenses
will entail. Forklift applications will not require installation expenses for the forklifts themselves
but will require that a fuélg infrastructure (with associated expenses) be installed. Backup
Power applications will require expenditures to install the fuel cells on the communication
towers as well as the installation of ansite fuel storage capability. Prime Power application
will require the installation of the fuel cell units but, because these units are fueled by natural gas
and JOBS FC assumes that there is an existing natural gas infrastructure to provide this fuel,
there are no additionatajor natural gas infrastructinstallation expendituresuch as the
extension of a natural gas pipeline

The following paragraphs describe the development of the default installation expenses
for each application in the model.
A.3.1 Forklift Applications

Default hydrogeriueling infrastructure installation expenses are influenced by fuel cell
unit size, the number of fuel cell units installed in region, the fuel efficiency of the flelrub
the hours of operation.

The default number of new forklift fuel cell hydrogereling site installationss

determined by the number of fuel cell units installed in the region of interest and the average
number of fuel cell powered units per site.
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The total regional expenses and economic impacts from installations of hydrogemn fuel
infrastructure for forklift fuel cells is calculated by multiplying the expenses for the average site
installation by the number of site installations in region for a given yeatr.

The default expenses for a site installation include site design gimteering expenses,
construction expenses, the expense of the large external storage tank, and the actual hydrogen
fueling infrastructure expenses. The default site design and engineering expenses, construction
expenses, and the expense of the large ealtstorage tank are assumed to be constant at
$40,000, $160,000, and $300,000 per, sé@spectively.

The default hydrogen fueling infrastructure expense is determined by the amount of
hydrogen required per day for the average site. Based on discusglomslustry experts and
other analyses, the default infrastructure installation expense in JOBS FC is assumed to be
approximately $6,700 per kg per day per site. Expert opinion also suggests a minimum
infrastructure installation cost of $900,000. Forrapée, a 250 kg/day site would be
approximately $1.7 million.

Therefore:

Default H2 fueling infrastructure equip. and installation ($/site) = the larger of $8ID,
or

($6,700) x (Fuel cell powered units per site) % ¢lnsumed per operating how)
(Operating hours per shift) x (Shifts per day)

The default number dbtal fuel cells per site is assumed to bewdth the ratio between
Class I/ll and Class Il determined by the ratio of the cumulative regional fuel cell installations
of each class specified by the user. (Recall that the nuohihesl cell units installed = units
manufactured units exported + units imported.) For example if the user has entered an equal
number of Class I/ll and Class 1l forklifts, then the default namds forklifts per site would be
30 Class I/l forklift and 30 Class Il forklifts. The user can override the 60 units per site default
by selecting both the number of Class I/ll units and Class Il units. For exafripkeuser
selects 40 Class I/l uis and 30 Class Il units, the model will proceed with a total of 70 units
per site.

A detailed description of variables impacting daily hydrogen consumptipoofrsumed
per operating hour, operating hours per shift, and shifts per day) is showriliythregen and
Operations Variabl@ssection below.

The default number of new hydrogen infrastructure installations is determined by
dividing the number of yearly regional fuel cell installatiogghe number of units per site.
Note that these relatio [
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Table A7 shows the default values for installation expenses for each site with forklift
applications.

TABLE A7 Installation Expense Defaults for Forklift Applications

Parameter Default Value
Site design & engineering $40,000/site
Construction $160,000/site
Hydrogen storage tank $300,000/site
Hydrogen fueling infrastructure equipmen  Larger of $900,000 ai$6,700) x (Fuel cell powered units per sit
& installation X (H2consumed per operating hour) x (Operating hours per shi
(Shifts per day)
Infrastructure installation expense $6,700/kg of hydrogen consumed per day
Class I/ll units per site 20
Class Il units pesite 40
Class I/l fuel consumption rate 0.250 kg/hour per unit
Class lll fuel consumption rate 0.023 kg/hour per unit
Class I/l hourger shift 4
Class Il hourgershift 4
Class I/l shiftsperday 2
Class lll shiftsperday 2

A.3.2 Backup Power Applications

The expenses associated with installing a backup power fuel cell system sitdude
design and engineering, constructibgdrogen storage equipmemindbridge battery expenses.

Industry sources suggested that design, engineering, and construction expenses were
not necessarily dependent on fuel cell size or site power requirements but were influenced by
region and sitespecific regulations and limitations. JOBS FC assumes average site design and
engineering expeses are $8,000 per installed fuel cell unit. Construction expenses are assumed
to be $10,000 per fuel cell unit.

Hydrogen storage equipment expenses are assumed to be $1,000 per kilogram of stored
hydrogen capacity. The amount of stored hydrogen isrdatedby fuel cell unit sizehous of
required rurtime, and hydrogensed per kWh of ruitime. The implied amount of stored
hydrogen is 15.6 kdpased ordefault values of 5 kW fuel cell unit size, 48 hours of required run
time, andd.065 kg per kWh ofurtime. If the user has not used the defaults for one or more of
these three characteristics, the default hydrogen storage costs is recalculated based on $1,000 per
kilogram of stored hydrogen capacity.

A bridge battery is sometimes used in connectigh a fuel cell to provide instantaneous
power while the fuel cell comes online. However, a certain amount of battery power is often
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required at sites regardless of the backup power technology chosen by the site operator. JOBS
FC assumes a default of &fr the bridge battery expense implicitly implying that these batteries
are either already in operation when the fuel cell is installed or would be required independent of
the decision to install a fuel cell. If the fuel cell installation(s) being analyz¢de user require

a bridge battery specifically for the fuel cell, the user may specify that bridge battery expense.

TableA8 below summarizes the assumptions and values uséaelarell installation

and hydrogen storage equipmerpenses for fuelatls for backup power applications.

TABLE A8 Defaults for Backup Power Installation and Hydrogen Storage Equipment
Expenses

Variable Default Value Source
Site design and engineering ($/installed fuel cell $8,000 ArgonneRCF Assumption
Construction ($/installed fuel cell) $10,000 ArgonneRCF Assumption
Hydrogen storage and fueling equipment $1,000/kg of stored H2 ~ ArgonneRCF Assumption
Bridge battery ($/installed fuel cell) $0 ArgonneRCF Assumption

A.3.3 Prime Power Applications

Based on information in Remick and Wheeler (2010), Greene et al. (2011), and
McGervey and Stinton (2011), the default total installation expense is assumed to be 30% of the
retail price in 2015. This value is toward the upper end of theat&s in the referenced reports.

Site design and engineering expenses are assumed to be 20% of the total installation expense
while Construction expenses are assumed to represent 50% of the installation costs. It is assumed
that heat recovery equipmentas integral component of the prime power applications and the

cost of installing this equipment is 30% of the total installation cost. The default assumption is

that no external gas cleanup system is required. If the user wants to add to the instafitgion c

to include the installation of a cleanup system, a value can be input. If this is done, this cost will
impact the total installation cost but will not change the dollar value of the other three installation
components in this step.

TABLE A9 Default Assumptions for Prime Power/CHP Fuel Cell Installation Expenses

Variable Default Value Source Other Default Values Impacte:

Total installation expense 30% of default retail price in  ArgonneRCF  Site desigrand engineering,

($/installed fuel cell) 2015 Assumption construction, heat recovery
equipment

Construction ($/installed 50% of total installation ArgonneRCF

fuel cell) expense Assumption
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TABLE A9 (Cont.)

Variable Default Value Source Other Default Values Impacte!
Heat recovergquipment  30% of total installation ArgonneRCF
($finstalled fuel cell) expense Assumption
External gas cleanup $0 ArgonneRCF
equipment ($/installed Assumption
fuel cell)

A.4 FUEL CELL FUEL, OPER ATIONS, AND MAINTENA NCE COSTS

A.4.1 Forklift Applications

The cost of H production is the raw cost to produce a kg ef GBreene et al. (2011)
states Hproduction costs are around $2.%8 per kg. Tie default in JOBS FC is $3/kg.

The price of delivered Hs the total amount the ender actually pays per kg obHI'he
price of delivered Hincludes the production cost obHIhereforgprice cannot be less than
cost. Based on 2008 data, the National Hydrogen Association report suggests that the price of
delivered liquid hydrogen to a site is highly dependent on volume and region (Bromaghim
2010). For relatively high volume users (greater than 1,400 kg/month) they suggest that the price
could range from less than $5/kg to around $8/kg. The default vadedsruJOBS FC yield a
hydrogen consumption of nearly 2,000 kg/month JOBS FC. The default price of delivered
hydrogen in JOBS FC is $5.5/kg.

Default values for liconsumed per operating hour are based upon discussions with
industry sources. Default kg pkW (fuel cell size) per hour is 0.025 for Class I/l and ~0.012
for Class Ill. Default values adjust according to the size of the fuel cell. If using the default fuel
cell units sizes in JOBS FC (Class I/1l: 10 kW; Class: 2 kW), the defadohksumed er
operating hour is 0.25 for Class I/ll fuel cells and 0.023 for Class 1l fuel cells.

Due to some differences within the industegardingoedal hours, hours per shift, and
related concepts, JOBS FC defines operating hours as hours in which tredl fisetansuming
hydrogen.

Default operations variables are based on industry sources and values reported by Kurtz
et al. (2011). Kurtz et al. show operations characteristics for forklift fuel cells deployed as part of
the ARRA investment projects. Thekiow that fuel cells at these sites operate between 1 and 3
shifts per day, 67 days per week, and the average daily operation hours per fuel cell was nearly
8 hours. For both classes, JOBS FC default operations assumptions are 4 operating hours per
shift, 2 shifts per day, 6 days per week, and 52 weeks per year. These defaults yield annual
operating hours of 2,496 per fuel cell.
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Default values relevant to these costs were presented in Table A7.

A.4.2 Forklift Fuel Cell and Hydrogen Fueling Infrastruc ture Maintenance Costs

Fuel cell maintenance costs are the annual costs to maintain the fuel cell and related
apparatus portion of the forklift only. Maintenance costs not directly related to the fuel cell
should not be included.

The Annual fuel celhaintenance expense per unit is estimated via the formula:
(Maintenance expense per operating hour) x (Operating hours per shift) x (Shifts per
day) x (Days per week) x (Weeks per year)

The maintenance cost per operating hour is derived from industigescand annual
operating hours.

The fueling infrastructure maintenance expense is the value of the annual maintenance
expense for each fueling infrastructure site installation. Default infrastructure maintenance
expenses are determined by the interfityse of the fueling infrastructure.

Kurtz et al. (2011) report approximately 1 fill for every 5 hours of operation with 1,000
fills requiring about 10 hours of infrastructure maintenance. This yields a ratio of 1 hour of
infrastructure maintenance fevery 500 fuel cell operating hours. In lieu of estimating site
specific infrastructure maintenance expenses, JOBS FC includes an assumption of $90/labor
hour as a proxy for all maintenance expenses incurred, including both labor and materials
expenses. Tis:

Annual fueling infrastructure maintenance expense (per site) =
($90/hour) x (1 labor hour/500 operating hours) x (Fuel cell powered units per site) x
(Operating hours per shift) x (Shifts per day) x (Days per week) x (Weeks per year)

A.4.3 Backup Power Applications

When a backup power fuel cell system is installed there will be two types of expenditures
for hydrogen fuel. There will be an initial cost associated with setting up the new system. Later,
there will be annual réueling expenses asdated with the amaut of fuel that has been used.

JOBSFC includes default vaés for both the production cost of hydrogen fuel, and the
price for delivered hydrogen fuel. The cost of hydrogesduction is e raw cost to produce a
kilogram of hydrogenGreene et al. (2011) states hydrogen production costs are arounid $2.50
$3 per kg. JOBS FC assumes a default of $37keg. price of delivered hydrogen is the total
amount the endser actually pays per kg for delivered hydrogen including travel to anthe
site. Ballard (2011) assumes $30/kg which industry sources confirmed as a reasonable average.
JOBS FC also assumes a defauls®®/kg. The price of delivered hydrogeiudes the
production cost of hydrogen ancetiefore cannot be less than cdfsthe user inputs a cost of
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hydrogen production but not a delivered price, the value for delivered price used in the model
will be recalculated to be $27 more than the production cost.

Based on conversations with industry sources, JOBS FC asbantegppowerfuel cells
consume 0.065 kg/kWh. The default initial (stgregdrogen fuel expenss determined by
price of delivered hydrogen, fuel cell unit siz®us of required rustime, and hydrogensed
per kWh of ruatime. The implied initial hydrogen &l expense is approximately $4t0
default values of $30 per kg of delivered hydrogen, 5 kW fuel cell unit size, 48 hours of required
runtime, and .065 kg per kWh of riirme. As before, if the user inputs one or more of these
parameterghe cost actuly used in determining economic impacts will be calculated based on
the input values.

The default annudlydrogen fuel expense determined by the précof delivered
hydrogen fuel cell average power loadnnual backup rutime, and testing rutime. The
implied annual hydrogen fuel expensajproximately $140 assuminigfault values of $30 per
kg of delivered hydrogen, 3 kW average power load, 20 hours of annual backupeud
hours of testing ritime, and .065 kg per kWh of rtinme. Again, if any nondefault
characteristics are used, the cost used in the model will be recalculated.

TableA10 below summarizes the assumptions and values uségdoogen fuel

expensesor fuel cells for backup power applications.

TABLE A10 Default Assumptions for Initial and Annual Hydrogen Fuel Expensegor
Backup Power

Variable Default Value Source
Cost of hydrogen Production ($/kg) $3/kg ArgonneRCF Assumption
Price of delivered hydrogen ($/kg) Cost($/kg) of H2 + $27/kg  ArgonneRCF Assumption
Hydrogen used per kWh of retime (kg/kWwh)  0.065 ArgonneRCF Assumption

Maintenance costs are the annual costs to maintain the fuel cell and related equipment
only. Industry sources suggested that fuel éellsackup power applicatiofgve minimal
maintenance requirements. JOBS defaults are based on the assumptinat fuel cells will
require 1 maintenance trip per year, 4 hours of total travel time per trip, 1 housité on
maintenance per trip, 1 nmé&€nance person, and $90/h&aborexpense for both travel and-on
site maintenance. These assumptions yield a total annual maintenance expense of $450 per unit
per yearTravelrelated and osite maintenance expensa® assumed to be constdhthe user
does not wish to use these defaults, (s)he must input dollar values (not hours and hourly rates) for
travetrelated and/or osite maintenance expenses.

TableAl1ll summarizes the assumptions and values fsadefault maintenance
expensesor fuel cellsin backup power applications.
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TABLE A1l Default Assumptions for Backup Power Fuel Cell Maintenance Expenses

Variable Default Value Source
Travetrelated (labor and expenses) ($/fuel cell/year) $360 ArgonneRCF Assumption
Onsite maintenance (labor and expenses) ($/fuel celllye: $90 ArgonneRCF Assumption

A.4.4 Prime Power Applications

A.44.1 Prime Power Fuel Expenses

The default annual fuel expense per fuel cell is calculated based upon the price of
delivered natual gas (using the default of $@r thousandubic feetto the commercial sector
a user specified cost) and the natural gas consumed per year. The latter term is expressed in
terms of millions of cubic feet of natural gas per year and is determinéakuwalationship:

Natural gas consumed per year (mcf/year) =
(scfmec ypd X (fuel cell unit size) x (capacity factor) x 60 x 24 x/3680

Where thescfmc yperepresents the fuel efficiency (standard cubic feet per mpauste
kW) is dependent on thiuel cell type.

The defaulscfmf or MCFCs i s based upon Fuel Cel | En
which states that the 1400 kW unit consumessk@hof natural gas assuming 930 Btu/scf
(FuelCell Energy, 2010). This yields 0.12&mper kW which JOBS € uses for default
calculations for MCFC units.

UTC Power s PureCell 400 product sheet sta
3.99 MMBtu/hr of fuel as an average (UTC Power 2011). UTC does not specify a gas quality,
but assuming the same 930 Btu/asfFuelCell Energy, theefmis approximately equal to 71.5
scfmfor PAFC units. Dividing this by 400 kW yields 0.138fmper kW which JOBS FC uses
for defadt calculations for PAFC units.

The fuel cell efficiency as described above is not a variakl®BS FC and thus cannot
be changed by the user. If the user wishes to use a different fuel efficiency in the calculations,
(s)he must calculate the annual fuel consumed based on other parameters defined in the scenario
and input the resultant value.
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TABLE Al12 Default Assumptions for Fuel Expenses

Variable Default Value Source Other Default Values Impactec
Price of delivered natural ~ $9/mcf EIA 2012 Annual fuel expense per fuel ce
gas ($/mcf)

MCFCi fuel consumption 0.129scfmper kW  FuelCell Energy (2010) Natural gas consumed per year
PAFCT fuel consumption  0.179scfmper kW  UTC Power (2011) Natural gas consumed per year
Natural gas consumed per Calculation Annual fuel expense per fuel ce
year (mcfl/year)

Annual fuel expense per Calculation

fuel cell ($/fuel celllyear)

A.4.3.2 Prime Power Maintenance Expenses

JOBS FC assumékatthe default fuel cell maintenance expense for each fuel cell type is
approximately 7.5% of the total initial capital expense in 2015 (retail price + installation
expense). The maintenance expense is assumed to apply for all units in operatibnorstie 6
time frame (20152020).This valueis based on a variety of maintenance cost estimates presents
in Remick and Wheeler (2010}reene et al. (2011), and McGervey and Stinton (2011).

A.5 NET ANALYSIS DEFAULT S

A.5.1 General Discussion

When ©nducting an economic impact aysik for the entire United Statdbe user may
elect to do a Net Analysis. In this analysis, beaefitsdeferred by not using the fuel cell
technology are deducted from those bendiitsirred from the use of fuel cellBhis option is
available only -WahathooalagréebgeoAlUSAhi s | imitat
due to the limited availabilitgf informationon the manufacture of batteries within regions
smaller than thé&nited Statesis a whole. Defaufi ar amet er s provi ded for t
optionfor each of the three applications in JOBS FC are described below. JOBS FC is used only
to estimate economic impacts in the United States. Therefore it is crucial to identify the portions
of the displacedeichnologies which are actually manufactured in the United States.

A.5.2 Forklift Applications

The alternative energy source for forklifts is assumed in JOBS FC to be batteries. These
batteriexcould have been manufactured in the United States or in another country. Users should
note that the number of fuel cell units installed in the United States allows consideration of both
fuel cell units which were manufactured in the United States, bet nagrexported, as well as
the fuel cell units which were imported from another country.
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A.52.1 Manufacturing Country

To estimate the impact of not manufacturing batteries in the United States it is necessary
to estimate the percentage of batteries used in forklifts that are manufactured in the United
StatesSeveral approaches were used to estimagéicentagePublically available sources,
including Battery Council International (BCI) presentations and reports as well as relevant data
from the United States Department of Commerce and International Trade Commissj@Cle.g.
2009 Cullen 2008), were analyzed. Thisearch yielded an estimate for this value &62
72%. The default value in JOBS FC for the percentage of batteries used in the United States
which are manufactured in the United States is 65%. The corresponding default for the
percentage of batteriesfiorklifts manufactured in thenited State$ut installed elsewhere is
zero.

A.52.2 Forklift Battery Retail Prices

The default retail price for a forklift battery was based on input from industry contacts.
JOBS FC uses a new battery price@bass I/11 forklifts of $4,200 and $2,500 for a battery for
Class Il forklifts. These prices are assumed to be constant over the time period of interest. As a
default, one battery per shift per forklift is used in JOBS FC. Thus the number of batteries
nealed for each forklift is equal, as a default, to the number of shifts per day.

A.52.3 Forklift Battery Shipping Expenses

The default shipping expense for batteries for forklifts is assumed to be 3.5% of the retail
price for a single batteryhis vale is the same as the default for the fuel cell shipping expense.
A user may use a different value for shipping expense but must input a dollar value rather than a
percentage.

A.5.2.4 Battery Infrastructure Installation Expenses

The reference casssimesthatforklift users with existing battergowered forklifts
choo® between replacing an expired battery system (one or more batteries) with a new battery
system owith one hydrogen fuel cell uniEurthermore,te reference case is a site with an
existing batteryrelated infrastructure (including chargers). For this reason, the expenses
associated with installation and installati@lated equipment for the batteries, are assumed to
have taken place in the past and are sunk costs. The default waliesé expensese
therefore zero dollars.

If the scenario under consideration is a new location (i.e., a greenfield site) then the user
may specify the battemelated installation expenses that would have been spent for battery
infrastructure at edclocation. The user must separately input costs for Site design, etc.;
Infrastructure equipment; and for battery chargers.
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A.52.5 Battery Recharging Expenses

As it is assumed that the batteries would be reclaigetrically, the cost of electricity
and the electrical energy requirements (e.g., kWh of electrical energy per hour of forklift
operation) are required to estimate economic impacts of displaced batteridefaliecost of
electricity is $0.95/kWh wihe the quantity of electricity consumed in recharging each battery is
estimated using the equivalence of 24 kWh of electricity to 1 kilogram of hydrogen consumed.
As summarized in Agonne(2008, several documents report experience in the equivalence
between electricity requirements for recharging and hydrogen consumed. There was reasonable
consistency in the reported value and 24 kWh per kilogram of hydrogen consumed was selected
as representative of these values.

A.52.6 Maintenance Expenses

The defalt assumption for battery maintenansequal to the maintenance costs for the
equivalentclass of fuel cells (maintenance cofdr the nonfuel cell portion of the forklift are
not considered in JOBS F@efault costs for the battery charger and thttdry infrastructure
total $900 per year.

Table AL3 presents the default values for the forklift Net Analysis option.

TABLE A13 Default Parameters for Net Analysis of Forklift Applications

Percent of batteries installedlimited Stateshat are 65%

manufactured in th&nited States

Percent of batteries installed outside tthdted Stateshat 0%

are manufactured in thénited States

Retail Price per battery in Class I/11 forklifts $4200

Retail Price per battery in Class fdrklifts $2500

Number of batteries per forklift Equal to number of shifts per day
Battery shipping expense 3.5% of retail price

Battery Infrastructure Installation Expenses $0

Electricity cost for recharging batteries $0.095/kWh

Electricity requiredo recharge 24 x (Hydrogen use/hour)kWh
Annual Battery maintenance cost Assumed equal to fuel cell maintenance cos
AnnualBatteryCharger and Infrastructure maintenance cc $900 per forklift

A.5.3 Backup Power Applications

Two alternative backup power technologies are included in JOBS8dttery backup and
a diesel generator set (referred to as a genbtig hours of requiredackuprun-time from on
site storages less than or equal to 8 hours, a battanly system is the default alternative
technology. If required rutime is greater than 8 hours, a diesel genset system is the default
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alternative technology. The user may choose to override the default arl tevilie other
alternative technology or may choose a mixture of both battelsysystems andieselgenset
systems by specifying the percentage of sites which would have otherwisebadttyaonly
system (as opposed to gensets).

JOBSFC only estimagseconomic impacts in the United States. Therefbre necessary
to identify the portiorof the displaced alternative backup power technotbgt ismarufactured
in the United State&or backup fuel cells installexhdoperatedn theUnited States, the
displaced alternative technology could have either been manufactured in the United States or in a
different country. Users should note that the number of fuel cell units installed in the United
States includes both the fuel cell unitsigh were manufactured in the United States, but were
not exported, as well as the fuel cell units which were imported from another country.

TableA14 summarizes the assumptions and values used for displaced battery systems or
diesel gensetsianufactured in the United States. A detailed discussion of how the default
assumptions were developed follows the table.

TABLE Al14 Default Assumptions for Displaced Battery Systems or Diesel Gensets
Manufactured in the United States

Default
Variable Value Source

Percentage of Batteries for backup power installed in the United St 65%  ArgonneRCF Assumption
manufactured in the United State

Percentage of Batteries for backup power installed outside the Unit 0%  ArgonneRCF Assumption
States maufactured in th&nited States

Percentage of Gensets for backup power installed in the United St: 42%  Supplier Relations (2012a)
marufactured in the United States

Percentage of Gensets for backup power installed outside the Unit 0% ArgonneRCF Assumption
Statesmarufactured in the United States

For battery systemseveral approaches were used to estimate the percentage of batteries
used in the United States which are manufactured in the United $tagjesneRCF analyzed
several publically available sources including several Battery Council International (BCI)
presentations and reports as well as relevant data from the United States Department of
Commerce and International Trade Commission (B@l 2009 Cullen 2008). This research
yielded an estimate for this value of%6272%. There were however, some indications that this
percentage may be falling (i.@ higher percentage of batteries are being imported).
Additionally, Supplier Relations (2012b) esate that in 2010 there was $6.4 billion in total
domestic demand for the storage battery industry. They also estimate domestic revenue of
$5.3billion of which $1.8billion was exported merchandise. This implies that approximately
$3.5 billion(or 55%)of the total domestic demand was supplied by domestic sources. While
these data aneot to the backup power battery industhgymay be used for purposes of
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comparison. As a default value, JOBS FC assumes the percentage of batteries used in the United
Staes which are manufactured in the United States is 65%.

To determine the comparable value for diesel gensets, JOBS FC uses a Supplier Relations
(2012a) report on the motor and generator industwhich it wasestimate that in 2010 there
was $13.1 bilbn in total domestic demand for the motor and generator industry. They also
estimate domestic revenue of $11.1 billion of which $5.6 billion was exported merchandise. This
implies that approximately $5.5 billiqd2%) of the total domestic demand was siggbby
domestic sources. As a default value, JOBS FC usesa4#% percentage of gensets installed
in the United States which are manufactured in the United States.

JOBS FC can also model net impacts for backup power fuel cells which are manufactured
in, but exportedrom the United States. If the user is analyzing a scenario with fuel cell exports,
then percentage of batteries (or gensets) for backup power which are installedUi& non
countries but are manufactured in the United States becomesamtpdihis specific
information was unavailable at time of release sSBS®C contains default of 0%.

A.5.4 Battery Systems

This section presents detailed information for information related to battery systems for
backup power. Information is provided for retail price, shipping, installation, electricity
expenses, and maintenantable 15summarizing the default uasis provided below.

A.5.4.1 Retail price

Retail price includethetotal out-of-pocket expense incurred by the arsgr to obtain a
battery system (not inatling shipping or installationMahadevan et al. (2007) assume
$0.17/kWh This value isised as the JOBS FC defaldlhe number of kWh is determined by the
hours of required rutime and the fuel cell average powead,as opposed tthe fuel cell size
which may be lsosen with other factors in mindhe retail price is multiplied by the ni@r of
displaced battery systems to yield the displaced battery manufacturing and sales expense in the
United States.

A.5.4.2 Shipping

The default shipping expense for a battery system is assumed to be 5% of the retail price.
It is also assumetthat 50% of the economic impacts associated with a shipping expenditure are
incurred in the region of manufacturing and the remaining 50% of impacts are incurred in the
region of installation.
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A.5.4.3 Installation

For the net analysishereference casassumeshe displaced alternative technology(ies)
had previously beeim place For this reason, the expenses associated with installation and
installationrelated equipment for the battery systara assumed to have taken place in the past
and are sunk costs. The default valueristallation of batteries therefore zero dollarst the
scenario under consideration is a new location @.greenfield site) then the useustspecify
battery system installation expenses that would baea spent for the location or locations
under consideration.

A.5.4.4 Electricity

The amount of electricity required to recharge batteries is dependtdrd average
power loadas well as discharge and charging efficiencies. Industry sources inldicatehe
combined efficiency factor for battery systems for backup power is approximatélg%0
JOBS FC assumes 72%hus the electricity requireidom the electrical grids:

Electricity required per hour of operation (kWh/h)Fuel cell averaggower load (kW)/72%

Theannualgrid electricity required ibased on the assumption thattesting runtime is
required.The total electricity expense per year is determined by the grid electricity required and
the price of delivered electricity'he ugr may input the price of electricity ($/kwWh) or use the
default value. For consistency purposes within JOBS FC, the default price is taken to be the same
as the cost of electricity used in the Forklift portion of the model. The default value is
$0.095/kWh

A.5.4.5 Maintenance

Battery maintenance costs aresh requiredo maintain the battery system amdbted
equipment only. For 24-hourannualrun-time scenarioMahadevan et al. (2007) assume four
maintenance trips per year, two hours ofsite maintenance, siRours of travetime per trip,
and twomaintenance personnel. Industry sources suggested that battery systems require
occasional trips to check on the batteries busimmmaintenance is minimal. JOBS FC asstime
that battery systems reige: four maintenance trips per year, ftnaurs of travel time per trip,
onehalf hourof on-site maintenance per trip, om&intenance person, and $90/hour expense.
These assumptions yield a total annual maintenance expense of $1,620 per battergesyste
year.As was the case with fuel cell maintenance, if the user does not wish to use these default
values, (s)he must input a dollar amount for travel ansit@nexpenses.

TableA15 summarizes the assumptions and values usduhftery systemfor backup
power applications.
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TABLE A15 Default Assumptions for Battery Systems for Backup Power

Variable Default Value Source

Total retall price (value) of battery(ies) ($/battery system $0.17/wh Mahadevan et al. (2007)

Total shippingexpense for battery system ($/batt. sys.) 5% of retail price  ArgonneRCF Assumption
Site design, engineering, permitting ($/battery system) $0 ArgonneRCF Assumption
Construction ($/battery system) $0 ArgonneRCF Assumption
Other installatiorequipment ($/battery system) $0 ArgonneRCF Assumption
Cost of electricity ($/kWh) $0.095 ArgonneRCF Assumption
Travel (labor and expenses) ($/battery system/year) $1,440 ArgonneRCF Assumption
Onssite maintenance (labor and expenggf)attery $180 ArgonneRCF Assumption

sydempear)

A.5.5 Diesel Gensets

This section presents detailed information related to diesel gensb&ckup power.

A.5.5.1 Retail price

Retail price includethe out-of-pocket expensmcurred by the endser to obtain a diesel
genset system (not inaing shipping or installation{sreene et al. (2011) contrast a genset with
a retail price of $12,500 to a 5 kW fuel cell unit. Mahadevan et al. (2007) compare a 20 kW
genset with a rethprice of $20,000. Industry sources suggested although fuel cells are sized
close to the power requirement, gensets are often oversized so that they may potentially also
operatean air conditionerJOBS FC does not explicitly assume a genset size. Insheadefault
retail price of a diesel genset is $12,50thé fuel cell unit sizés less than or equal to 10 kW
and $20,000fithe fuel cell unit size is greater than 10 kW.

A.5.5.2 Shipping

The default shipping expense for a diesel gensetsamed to be 5% of the default retail
price. JOBS FC assumes that 50% of the economic impacts associated with a shipping
expenditure are incurred in the region of manufacturing and the remaining 50% of impacts are
incurred in the region of installation.

A.5.5.3 Bridge battery

A bridge battery is often used in connection with a genset to provide instantaneous power
while the genset comes online. However, a certain amount of battery power is often used at sites
regardless of the backup power technololggsen by the site operator. JOBS FC assumes a
default of $0 for the bridge battery expense implicitly implying that these batteries are either
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already in operation if a genset is installed or would be required independent of the decision to
install a genst. If the fuel cell installation(s) beirexaminedequires a bridge batteryhe user
may specifya nonzero cost

A.5.5.4 Installation

Thereference caseet analysis assumes thia¢ displaced alternative technology(ies) had
previously been useaf backup power. For this reason, the expenses associated with installation
and installatiorrelated equipment for the diesel genset system are assumed to have taken place
in the past and are sunk costs. Therefibre default values for the installat of a diesel genset
are $0.f the scenario under consideration is a new location (i.e., greenfield site) then the user
may specify the diesel genset system installation expenses that would have been spent for the
location or locations under consideration.

A.5.5.5 Diesel fuel

Fuel consumptiorior gensetsends to be nofinear and is dependent upon both the size
of the geset andhepower requirement. Depending on these and d#utors, the gallons of
diesel used per kWh of power generation can rémge less than 0.1afkWh to more than 0.15
gal/lkWh (Diesel Service and Supply, 2011). As a simplifying assumption, JOBS FC assumes
0.12 gallons of diesel are used per kWhe annual backup retime is assumed to apply to
diesel gensets systems (as veslifuel cells). Industry sources indicated that additionatinie
related to testing was required for the diesel gensets. JOBS FC assumdwarhailtesting
run-time each week for a total of 26 hours of annuaitmme for testingThe default initih
diesel expensis determined by backup yer fuel cell unit sizehous of required rusiime,
default gallons bdiesel used per kWtand prie of delivered dieseThe default anual diesel
expensas determined by fuedell average power loadnnual lackup ruatime, default anoal
testing rurtime, default gallons of diesel usedpkWh, and price of delivered diesel. If the user
elects to input any of these parameters rather than use the defaults, JOBS FC will calculate the
initial and annual diesekpenses and use these values in determining economic impacts.

A.5.5.6 Maintenance

Maintenance costs are the annual costs to maintain the diesel genset system and related
equipment onlyJOBSFC assumes founaintenance trips pgear, fourhours of tavel time per
trip, threehours of orsite maintenance per trip (average), anaintenance person, and $90/hour
expenseThese values are considered to be representative of industry experience with diesel
gensets and with expected travel times to backweptocations. As before, the user can input
dollar values for travel and esite maintenance if desired.

TableA16 summarizes the assumptions and values usetidsel gensetor backup
power applications.
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TABLE A16 Default Assumptions forDiesel Genset Systems for Backup Power

Variable Default Value Source

Total retail price for diesel genset ($/genset system $12,500 or $20,00C  ArgonneRCF Assumption

(see text)
Total shipping expense for genset systergdfiset 5% of default retail ArgonneRCF Assumption
systen price
Bridge battery ($/installed genset system) $0 ArgonneRCF Assumption
Site design, engineering, permitting ($/genset syste $0 ArgonneRCF Assumption
Construction ($/genset system) $0 ArgonneRCF Assumption
Fuel storage and other equipment ($/genset systenr $0 ArgonneRCF Assumption
Cost of diesel production ($/gallon) $3.40 ArgonneRCF Assumption
Price of delivered diesel ($/gallon) Twice the default ArgonneRCF Assumption
production cost
Gallons of diesel used per kWh 0.12 gal/kwh ArgonneRCF Assumption
Travel (labor and expenses) ($/genset system/year $1,440 ArgonneRCF Assumption
Onssite maintenance (labor and expenses) ($/gense $1,080 ArgonneRCF Assumption

system/year)

A.5.6 Prime Power Net Analysis
When conducting a Net Analysithe user can specify information regarding the energy

displacednatural gas and electricityy the fuel cells. Default values are shown in Tall&.A
The followingparagraphs summarize the bases for these defaults.

TABLE A17 Defaults for Net Analysis of Prime Power Applications

Variable Default Value
Price of deliveredtlectricity $0.095/kWh
Quantity of displaced grithased electricity 100% of annual generation from fuel cell
Price of delivered natural gas ($/1000 cubic feet  Equal to cost used in calculating fuel cell operating cot
Available heat energy from fuekll MCFC: 43% of energy in natural gas consumed,;
PAFC: 52% of energy in natural gas consumed
Percentage of available heat utilized 60%

As a default, JOBS FC assumes that all electricity generated by the fuel cell is used and
displaces griecbasecktlectricity (onsite or otherwise). This quantity of electrical energy is
specified earlier. If the user wishes to assume that less than 100% of the electrical energy
produced in the fuel cell displaces other electricity sources, a quantity less thaalthe t
electrical energy (expressed as the annual generation per fuel cell) can be input. The default cost
of this electrical engy is $0.095 per kilowattour.

71



The prime power fuel cells are assumed to be Combined Heat and Power (CHP) units. As
such, a peentage of the heat energy generated by the fuel cell displaces heat energy normally
provided by burning purchased natural gas in a boilemafte, or other similar device.

The default maximum amount of thermal energy is determined from the quantity of
natural gas consumed and the electrical and combined (i.e., electrical plus heat energy used)
efficiencies. The combined efficiency is assumed to be 90% for both types of fuel cells while the
electrical efficiencies are 47% for the MCFC and 38% for thE@AThe user cannot change
these efficiencies. If other assumptions are desired, the user may input a different value for the
maximum available heat energy. It is assumed as a default that 60% of this maximum thermal
energy is used to displace alternatiaating methods although the user may also change this
assumption. The displaced cost of thermal energy is determined by multiplying the quantity of
displaced thermal energy by the cost of natural gas.

A.6 MANUFACTURING FACILI TIES

The final two moduls in JOBS FC allow the user to estimate the economic impacts
associated with the construction of manufactu
Constructiono considers the construction of a
constructhe Proton Exchange Membranes for fuel cells used in forklift or backup power
applications. The second, entitled APrime Fac
new facility to manufacture fuel cells for Prime Power applications.

A.6.1 PEM Manufacturing Facility

Default values are provided for the costs to build the facility. Rather than specific values
however, each of the defaults is calculated based on the unit size and the annual production rate.
Table AL8 shows default values for specific facility construction scenarios as follows: an
existing 5 kW PEM facility with a current annual capacity of 500 units which is to be expanded
to an annual capacity of 1000 units; a new 5 kW PEM facility with an annuatitapf
500units.

TABLE A18 Sample Default Values for a PEM Construction Facility

Expanded

ltem Facility New Facility
Land Cost $0 $117,900
Closing Cost $0 $7,100
Facility (Building) Construction $0 $4,025,000
Total Materials Handling Costs $0 $248,000
Total Fixed Production Line Equipment Costs $0 $5,227,500
Total Variable Production Line Equipment Costs $1,595,000 $1,595,000
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If the scenario involves the construction of a new facility vddeesin Table A18
provide defaults for various construction activities, equipment types and costs, and various
operating costs per manufactured unit. These default costs are based on infornisttellen
(2011) Land costs and closing costs taken together equal $12308Ccost is representative of
the cost for an acre of land. JOBS FC is based on the assumption that one acre of land is required
no matter what the annual production capacity. Likewise, the building construction is based on a
cost of $250 per squarediband an area of approximatel®,100 square feet. Again, this cost is
assumed to be independent of annual capacity. Material handling equipment is assumed to
consist of three overhead cranes and two forldiftdis assumedb beindependent of capacity.
Fixed production line equipment consists of equipment for catalyst application, GDL
manufacturing equipmenand membrane and GDL slit manufacturing equipment. Once again,
these costs are assumed to be independent of annual production capacity. Thagminéqu
costs that are dependent on annual production, and the onriermdefaults for the case of
expansion of an existing facility, are the variable produadiiee equipment consisting of
equipment for MEA production, MEA slits, bipolar plate presaes, assembly and testing
stations. The model will calculate the number of each of these pieces of equipment based on the
annual production capacity. As these defaults are based on somewhat generalized assumptions,
the user may ovade these default costs the required number of equipment componehts
desired.

A.6.2 Prime Facility Construction

Available information on construction costs for a Prime Power Construction Facility is
not as detailed as for a PEM facility and as a result the defgpitessemt more aggregate costs.
Table AL9 shows default values for a Prime Power Construction Rauilth an annual capacity
of 50 megawatts.

TABLE A19 Defaults for Prime Power Manufacturing
Facility Construction 50 MW Annual Production

Capacity
New Facility Item DefaultCost
Land Cost $543,200
Closing Cost $32,600
Site Design & Engineering $3,717,200
Construction $14,868,800
Equipment $45,100,200

The defaults are correlated with the anmralductioncapacity so thahe default costs
increase linearly with production capacitihesedefault values may be overriddemmbre
detailed information is available to the user.
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A.7 SAMPLE RIMS Il INDUST RY SECTORS

As the overall objective of the JOBS FC model is to estimate economic impacts and
resultant jobs from the use of fuall powered applications, it is important to allocate the
various costs associated with the manufacture and use of thesellito themostappropriate
industrial and commercial sect@gailableas definedy the North American Industry
Classification Syster(NAICS) and the associated aggregated sectors of the economy tised in
RIMS Il model. Proper allocation of thesnonies will allow the JOBS FC model to estimate the
ripple effects through the econoniyowever,often,there isnot a direct match between an
expendture category and a RIMS sector. In these cases, a sector that most closely represents the
expenditure is used to calculate economic impactoomplete list of the sectors available in
RIMS is beyond the scope of the current regeelected examplder forklift applicationsare
shownin TableA20.

TABLE A20 Examples of RIMS Il SectorSelected for Forklift Fuel Cellrelated Expenses

RIMS I

Line item Sector RIMS Il Description
Fuel cell shipping expense ($/FC unit) 484000 Truck transportation
Site design and engineering ($/installed fuel ce 541300 Architectural, engineering, and related servic
Construction ($/installed fuel cell) 230000 Construction
Hydrogen storage and fueling equipment 332420 Metal tank (heavgauge) manufacturing
($/installed fuel cell)
Cost of HydrogerProduction($/kg) 325120 Industrial gas manufacturing
Hydrogendelivery cost{($/kg) 484000 Truck transportation

Fuel cell maintenance expense ($/FC unit/year 811300 Commercial and industrial machinery and
equipment repair and maintenance

Hydrogen fueling infrastreture maintenance 811300 Commercial and industrial machinery and

($/sitel/year) equipment repair and maintenance
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