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ABSTRACT 

 

 

 This report documents the release of the JOBS and economic impacts of Fuel Cells 

(JOBS FC) model. It is intended to supplement the JOBS FC Userôs Guide. The main body of 

this report summarizes general information on the assumptions, methodologies, 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 ability to estimate economic 

impacts for a variety of user-defined scenarios. It is based on input-output modeling of the 

US economy and includes 60 geographic regions. For each region, the model incorporates a set 

of multipliers for expenditures in the economic sectors associated with fuel cell production, 

installation, and use. The multipliers were obtained from the Regional Input-Output Modeling 

System (RIMS II) which is developed and maintained by the Bureau of Economic Analysis 

(BEA) at the US Department of Commerce.  

 

 JOBS FC is not an econometric model of fuel cell supply and demand and does not 

forecast market development. JOBS FC is a user-driven tool where results are dependent on 

assumptions and values entered by the user. Default values are provided to assist 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 implications of 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 JOBS FC is to educate and 

inform users of potential economic benefits resulting from increased fuel cell manufacturing and 

use.  
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1  JOBS FC OVERVIEW  

 

 

 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 States. It has been developed by 

Argonne National Laboratory (Argonne) for the Fuel Cell Technologies Office 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 the model. 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 

step-by-step processes within the model, this document is not intended to be used as a ñUsersô 

Guideò for JOBS FC. 

 

 JOBS FC uses input-output methodology to estimate the economic impacts associated 

with changes in industry expenditures, and calculates the ripple effects 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 economic impacts. JOBS FC is based in Microsoft Excel 2010
®
 

with spreadsheet tabs for inputs and results.
1
 It is 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. 

 

 

 

FIGURE 1  Overview of JOBS FC 

 

 

 As seen in Figure 1, JOBS FC may be run at the state, regional, or national level. Figure 2 

shows the 60 possible geographies (i.e., each of the 50 states, the nine federal census regions and 

                                                 
1
 The tabs in the JOBS FC workbook are titled in a mix of uppercase and lowercase letters. That same mix is used 

throughout this document when referring to those tabs. 
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the National USA consisting of the 48 contiguous states)
2
 that users may select for a given 

analysis. Results will vary based on geography due to differences in concentrations of industries, 

wage rates, and sectors of the economy. While the user is free 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 higher-order geography (e.g., state results should 

not be subtracted from national results to estimate out-of-state results) since the underlying 

multipliers apply only to the specific region for which they have been calculated. 

 

 

 

FIGURE 2  Geographies Modeled by JOBS FC: States and US Census 

Regions 

 

 

 JOBS FC models the application of fuel cells to the following markets: forklifts (utilizing 

the Proton Exchange Membrane [PEM] technology), telecommunications back-up power (also 

using PEM technology), and prime power replacement (using either Molten Carbonate Fuel Cell 

[MCFC] or Phosphoric Acid Fuel Cell [PAFC] technologies). Modeled activities include the 

construction of a new fuel cell manufacturing facility or the expansion of an existing one, the 

manufacture of the fuel cells, and the installation, fueling, and operations and maintenance 

(O&M) of the fuel cells at the application sites. The economic impacts of the construction and 

operation of a fuel storage and dispensing infrastructure are also estimated if appropriate. 

 

 Default values, where provided, are based on information derived from the technical 

literature, industry sources, other researchers, and the judgment of the model developers. JOBS 

FC may also be 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. 
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applications 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 intended customized 

fuel cell application. 

 

 JOBS FC provides results for the time frame 2015 to 2020, a period when growing 

numbers of fuel cells are expected to be deployed in early markets but which is not expected to 

differ appreciably from the current economic structure. Results from the model include jobs, 

earnings, and economic output for the particular geography being examined. As noted above, 

these results stem from considerations of the following: 

 

 Fuel cell manufacturing, sales, and shipping (excluding taxes), Å

 

 Installation and maintenance of the fuel cells and associated fueling Å

infrastructure 

 

 Fuel use, and Å

 

 Construction or expansion of a fuel cell manufacturing facility. Å
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2  METHODOLOGY  

 

 

 JOBS FC provides users with the ability to estimate economic impacts for a variety of 

user-defined scenarios. It is based on input-output modeling of the US economy and includes 60 

geographic regions. For each region, the model incorporates a set of multipliers for expenditures 

in the economic sectors associated with fuel cell production, installation, and use. Specific 

economic sectors include construction, metal tank manufacturing, industrial gas manufacturing, 

truck transportation, and others. The multipliers were obtained from the Regional Input-Output 

Modeling System (RIMS II) which is developed and maintained by the Bureau of Economic 

Analysis (BEA) at the US Department of Commerce. Further information about input-output 

modeling and RIMS II, may be obtained at the BEAôs RIMS website: 

 

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

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

 

 The RIMS multipliers reflect the current structure of the 60 geographic areas that can be 

modeled with JOBS FC. That structure has evolved and will continue to change over time. Thus, 

JOBS FC should not be used to examine impacts in the far future.  

 

 Furthermore, JOBS FC is not an econometric model of fuel cell supply and demand and 

does not forecast market development. JOBS FC is a user-driven tool where results are 

dependent on assumptions and values entered by the user. Default values are provided to assist 

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 implications of 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 JOBS FC is to educate and 

inform users of potential economic benefits resulting from increased fuel cell manufacturing and 

use. No financial decisions should be made solely on the basis of information obtained or 

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
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3  GENERAL INSTRUCTIONS  

 

 

 The reader is referred to the JOBS FC Userôs Manual for detailed instructions on the use 

of this model. This section is intended to provide a general summary of the procedures to be 

followed when using the model. 

 

 JOBS FC is organized as an Excel 2010 workbook with several spreadsheet tabs for input 

and output information. The spreadsheet tabs (shown along the bottom of the workbook screen) 

are as follows: 

 

 JOBS FC INFO Å

 

 COPYRIGHT Notification Å

 

 Forklift INPUTS, Forklift RESULTS-Charts, Forklift RESULTS-Tables Å

 

 Backup Power INPUTS, Backup Power RESULTS-Charts, Backup Power Å

RESULTS-Tables 

 

 PEM Facility Construction or Expansion INPUTS, PEM Facility Construction or Å

Expansion RESULTS 

 

 Prime Power INPUTS, Prime Power RESULTS-Charts, Prime Power RESULTS-Å

Tables 

 

 Prime Facility Construction, Prime Facility Construction RESULTS  Å

 

 Market Forecasts Å

 

 The JOBS FC INFO tab provides information on the model (including color coding 

conventions, definitions, and general guidance) as well as links to the ñworkingò tabs. The 

COPYRIGHT Notification tab simply notes conditions regarding the use and distribution of the 

model. 

 

 The various INPUTS spreadsheets (Forklift INPUTS, Backup Power INPUTS, PEM 

Facility Construction or Expansion INPUTS, Prime Power INPUTS) contain steps to guide users 

through the process of entering the information needed to define a scenario. Users have the 

option of entering specific information or using default values provided in the model. Cells 

available for user-entry appear in white and are usually located in Column E. If no user-specified 

value is entered, the value (usually) located in Column F (Default) is used. To verify which value 

is used in a scenario, users should refer to Column J which is shaded grey (ñValue used in 

modelò). Figure 3 shows a sample of a portion of the Forklift INPUTS tab. 
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FIGURE 3  Example User Input Fields 

 

 

 For some parameters the default value is re-calculated 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 defined. Column G contains notes that provide recommended ranges or other 

information to assist users in data entry and analysis.  

 

 A ñResetò button is provided at the top of each INPUTS tab (Forklift INPUTS, Backup 

Power INPUTS, PEM Facility Construction or Expansion INPUTS, Prime Power INPUTS) to 

assist in running multiple scenarios. After a scenario is completed and the user has analyzed 

and/or saved the results, users should click the ñReset ï Clear All User Specified Valuesò button 

to remove all values entered and begin developing a new scenario. Using the Reset button on an 

INPUTS tab (Forklift INPUTS, Backup Power INPUTS, PEM Facility Construction or 

Expansion INPUTS, Prime Power INPUTS) automatically sets all input parameters to the 

original default values (where provided).  

 

 JOBS FC was designed to be practical for a wide variety of users. As noted above, the 

tool responds to usersô inputs, adjusting calculated default values accordingly. However, users 

are encouraged to specify as many parameters as possible and to double-check all 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 all user-specified 

inputs should be entered in 2010 dollars. A helpful tool for converting to 2010 dollars is 

provided by the US 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 user-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 values are accidentally 

deleted or other changes are made that could cause the tool to become inoperable. 

  

http://www.bls.gov/data/inflation_calculator.htm
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4  ANALYSIS OPTIONS  

 

 

 Several of the analysis options in JOBS FC are available for multiple scenarios. These 

common options are summarized below. More specific options are described later in this report. 

 

 

4.1  GEOGRAPHY AND LOCAL  SHARES 

 

 As noted above, JOBS FC allows economic impacts to be estimated for user defined 

scenarios for any of the 50 states, a national level (comprising the 48 contiguous states), or any 

of the nine census regions. As stated previously, results based on one geography should not be 

combined with those based on a higher-order geography (e.g., state results should not be 

subtracted from national results to estimate out-of-state 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. This simplifying assumption allows users to estimate the impact if all materials and labor 

were sourced from firms in the region of interest. This does not mean, however, that these 

sources only purchase materials from inside the geographic region. Instead, they are assumed to 

have purchasing behaviors according to their RIMS II associated industry which may include 

underlying purchases from outside the region. However, JOBS FC assumes that the initial 

expenditures go to firms inside the region of interest. If the user knows that some materials or 

labor are sourced from outside the region of interest in a scenario analysis, the expenditures for 

the category can be reduced before being input into JOBS FC.  

 

 

4.2  GROSS OR NET ANALYSIS 

 

 JOBS FC can be used to estimate gross or net economic impacts at the national level, and 

gross economic impacts for census regions and states. In the gross analysis mode, the economic 

impacts of expenditures on fuel cells and fuel cell related activities are estimated. These impacts 

include jobs and other economic benefits attributable to the manufacture, installation, and 

operation of fuel cells in the user-specified region. In the net analysis mode, some of these gross 

impacts may be offset by reductions in the impacts of alternative types of power that are 

displaced by fuel cells. For example, using fuel cells to power forklifts displaces battery power, 

thereby forfeiting the US economic impacts from the manufacture, installation, and operation of 

those batteries. Due to difficulties in defining where (in the United States) alternative 

technologies are manufactured and alternative fuels are produced, the net analysis is only 

available for analyses conducted at the national level. 

 

 The net analysis in JOBS FC is provided to assist users in understanding the trade-offs of 

using one technology over another when it comes to economic impacts. The results provided are 

based on assumptions made in JOBS FC which may or may not fit every specific user scenario. 

Users are encouraged to carefully review the steps and assumptions in both the gross and net 
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analysis sections of JOBS FC, including in-region versus out-of-region expenditures for both the 

new and displaced technologies, and adjust inputs as necessary.  

 

 

4.3  TECHNOLOGIES AND APP LICATIONS  

 

 JOBS FC is extremely flexible, allowing users to examine a variety of fuel cell 

technologies and applications. Available options consist of the following: 

 

 Manufacturing, installation, and operation of fuel cells for  Å

ς forklifts,  

ς backup power, and 

ς prime power. 

 Construction or expansion of a PEM fuel cell manufacturing facility (for forklift or Å

backup power applications). 

 Construction of a Prime Power fuel cell manufacturing facility. Å

 

 Table 1 lists fuel cell technologies, applications, and default unit capacities in JOBS FC. 

Note that in prime power applications, the default is combined heat and power (CHP) for both 

available technologies.  

 

 

TABLE 1  Fuel Cell Technology and Default Capacity by 

Application  in JOBS FC 1.0 

 

Unit Capacity (kW) LT PEM PAFC MCFC 

    

Class I/II Forklift 10   

Class III Forklift 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, earnings, and economic output), JOBS FC 

calculates direct, indirect, supply chain, and 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, shipping, installation of infrastructure and fueling equipment, fuel production 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 

components that make fuel cells. Supply chain effects are the sum of direct plus indirect effects. 
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 Supply chain effects include all the activities related to firms that make fuel cells, install 

and operate fuel cells, provide fuel and fueling infrastructure, and all the other firms that provide 

material inputs and other services directly related to fuel cells. Induced effects result from re-

spending of income by firms and employees in fuel cell-related industries. For instance, 

additional impacts are realized when an employee of a fuel cell manufacturing facility spends 

income earned making fuel cells to take his/her family out to dinner. 

 

 In the RESULTS tabs (Forklift RESULTS-Charts, Forklift RESULTS-Tables, Backup 

Power RESULTS-Charts, Backup Power RESULTS-Tables, PEM Facility Construction or 

Expansion RESULTS, Prime Power RESULTS-Charts, Prime Power RESULTS-Tables, Prime 

Facility Construction Results), tables and charts display annual direct, indirect, supply chain, and 

induced results for 2015 through 2020. Users can choose which units to report ð either direct, 

indirect and induced; or supply chain and induced. Employment is reported in job-years, which is 

defined as one year of work for one person. There is no distinction between full-time and part-

time work. The reader is referred to Section 10 for a brief discussion relating jobs supported by 

these expenditures and job-years as calculated by JOBS FC. 

 

 

4.5  IMPORTS AND EXPORTS 

 

 Fuel cells brought into the area of interest (i.e., a state, a region, or the United States) 

from outside its borders are considered imports. Imports may come from another state, from a 

different census region, or from outside the United States. There are no distinctions among 

originating locations. Any impacts occurring 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 employment 

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 left that area. The 

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 region but will not have operation and 

maintenance employment within the originating region because those activities occur in a 

different geographic region. 
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5  FORKLIFTS  

 

 

5.1  OVERVIEW  

 

 As noted previously, JOBS FC estimates economic impacts for three applications of fuel 

cells: forklifts, backup power, and prime power. Although numerical values differ, a similar 

methodology was used to develop default parameters for these three applications. That 

methodology is discussed in greater detail in the appendix. Numerical values are presented in 

this and subsequent sections of this report. 

 

 The Forklift module of JOBS FC may be used to estimate the economic impacts 

associated with manufacturing, sales, and shipping of new fuel cells, installation of on-site 

hydrogen fueling infrastructure and equipment, hydrogen fuel production and delivery, and 

maintenance of fuel cells and the fueling infrastructure. The Userôs Guide provides detailed 

instructions on the step-by-step use of the tool. 

 

 Default values are intended to represent typical values for Forklift applications. JOBS FC 

may be 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, provided that the user has a 

thorough understanding of the implications of using the tool for the intended customized 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, as well as the alternative 

technology-related parameters. 

 

 Fuel cells for Class I/II (i.e., electric rider) forklifts can range from 4 kW to 20 kW 

depending on operations requirements. Prior analyses of Class I/II forklift fuel cells have 

generally assumed unit sizes of around 5 kW (e.g., Greene et al. [2011], Mahadevan et al. 

[2007]). However, Greene et al. (2011), and industry contacts indicate that fuel cells for these 

classes of forklifts are trending toward larger units. JOBS FC contains a default value of 10 kW 

for Class I/II fuel cells although the user can input any value between 4 kW and 20 kW for unit 

capacity.  

 

 Industry contacts suggested fuel cells for Class III (i.e., motorized hand) forklifts can 

range from around 1 kW to 4 kW depending on operations requirements. JOBS FC contains a 

default value of 2 kW for Class III fuel cells. Again, the user can input any unit size between 

1 kW and 4 kW as this class of forklift typically is of a lower kW level than the Class I/II units. 
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TABLE  2  Default Assumptions for Forklift  Fuel Cell Unit Size 

 

Variable Default Value Source Other Default Values Impacted 

    

Forklift fuel cell unit 

size (average kW/unit) 

Class I/II: 10 kW 

 

Class III: 2 kW 

Argonne-RCF 

Assumption 

Retail prices and manufacturing costs, 

shipping expenses, installation expenses, 

hydrogen fuel expenses, battery-related 

parameters 

 

 

5.2.2  Units Manufactured, Exported, and Imported 

 

 The number of units manufactured, exported, and imported can impact default values for 

retail price and manufacturing costs, shipping expenses, and installation expenses. 

 

 Users must specify these assumptions and select a region of interest; no default values are 

offered for these parameters. To assist users, Argonne-RCF have used historical forklift shipment 

data from the Industrial Truck Association (ITA 2011), a forecast of forklift sales by the 

Industrial Utility Vehicle & Mobile Equipment Magazine (Metzger 2011), and a forecast of 

macroeconomic indicators from the US Energy Information Administration (EIA 2011) to 

estimate annual shipments of new forklifts in the United States for the 2015ï2020 time frame, as 

shown in Table 3. The potential shipments of new 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/II Class III Source 

    

2015 51,000 51,000 

Argonne-RCF Forecast 

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 

 

 

5.2.3  Retail Price and Manufacturing Cost 

 

 Default retail prices and manufacturing costs are calculated based on the user specified 

fuel cell unit size and the number of fuel cell units manufactured. The calculated default retail 

price in 2015 in turn determines the default shipping expense per unit. 

 

 The toolôs cost function is designed to approximate evolving costs based in part on user-

specified annual production as well as national cumulative production through 2015 and beyond. 
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Users are encouraged to pay careful attention to year-by-year values and specify their own values 

as needed. 

 

 All prices and costs are shown in 2010$/kW. Manufacturing cost is the summation of 

all costs associated with manufacturing a fuel cell, including materials, direct labor, capital 

maintenance, and direct manufacturing overhead. Manufacturing cost cannot exceed retail price. 

 

 

5.2.3.1  Retail Price 

 

 Retail price includes the cost to manufacture the fuel cell in addition to all other expenses 

associated with the sale of a fuel cell. In other words, retail price is the expense incurred to 

obtain one fuel cell unit (not including taxes, subsidies, shipping, or installation). 

 

 As stated above, the default values for retail prices are determined by fuel cell unit size 

and the number of fuel cell units manufactured as specified by the user. The default retail price is 

150% of the manufacturing cost (or, equivalently, the manufacturing cost is 2/3 of the retail 

price). If the user enters a set of prices and costs other than the default values in 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 to be 125% ($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 a Base manufacturing cost, Learning effects, Scale effects, and Technological 

progress effects. Mathematically, the expression is:  

 

Manufacturing cost in year t =  

(Base manufacturing cost) x (Learning effects) x (Scale effects) x (Technological progress 

effects) 

 

 The default manufacturing costs and retail prices for forklift fuel cells are shown in 

Table 4 while the development of these default values is described in Appendix A.1.1.  

 

 The values in Table 4 are determined by the default input data that are incorporated into 

JOBS FC. If the user elects to use data other than the default for any prior input cell, the model 

will recalculate the default manufacturing cost. The user can, of course, elect to use 

manufacturing costs other than these computed values. 
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TABLE 4  Default Manufacturing Costs and Retail 

Prices for Forklift Applications  in 2015* 

 

Forklift 

Class 

Unit Size 

(kW) 

Manufacturing 

Cost (2010$/kW) 

Retail Price 

(2010$/kW) 

    

I/II  10 1730 2595 

III  2 2650 3975 

*  Assumes minimum manufacturing levels. User inputs can change 

default values. 

 

 

5.2.3.2  Learning Effects 

 

 The cumulative production of fuel cells determines the Learning effects, also known as 

cost reductions due to learning-by-doing. Learning by doing is often measured using progress 

ratios which represent how the cost of production falls after cumulative production changes. 

Greene et al. (2011) summarize various estimates of historical progress ratios but emphasize that 

there is no precise way to estimate future cost reductions especially for novel technologies. 

Based on information presented in Appendix A.1.2.2 for forklift applications, the Learning 

effects in year t is expressed as:  

 

[(Cumulative forklift fuel cell units manufactured in the US through the end of year t)/ 

 (2,700)]
-0.152

 

 

 

5.2.3.3  Scale Effects 

 

 Scale effects are 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, the Scale effects for forklift applications is estimated via the following conditional 

expressions. The reader is referred to Appendix 1.2.5.2 for a detailed description on the 

development of these expressions. 

 

 The Scale effects in year t is represented by conditional expressions as follows: 

 

If, Annual forklift fuel cell units manufactured in the US in year t <= 3,000, then 

[(3,000 units/3 firms)/2,000 units per firm)]
-0.20 

 

If, 15,000 > Annual forklift fuel cell units manufactured 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)]
-0.20 

 

Otherwise, [(15,000 units/3 firms)/2,000 units per firm)]
-0.20 
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 Where 2,000 is the number of units per firm associated with the Base manufacturing cost 

from Battelle (2011) and the exponent is the scale elasticity assumed by Greene et al. (2011).  

 

 

5.2.3.4  Technological Progress Effects 

 

 The final term in the manufacturing cost function is Technological progress effects. 

Greene et al. (2011) define Technological progress effects as the reduction in manufacturing cost 

due to research and development. As noted in Appendix A.1.2.6, this factor is expressed via the 

relationship:  

 

Technological progress effects = (1ï2%)
(year t-2010) 

 

 

5.2.4  Fuel Cell Shipping Expenses 

 

 The forklift fuel cell shipping expense per unit is assumed to be 3.5% of the default retail 

price in 2015 based on input from industry representatives. This expense is assumed to apply for 

all years of the toolôs time frame (2015-2020). As with other applications, 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 a two-step 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 amount of fuel consumed per day. 

Defaults used in estimating the installation costs for forklift applications are shown in Table 5. 

Development of these default values is described in Appendix A.3.1. 

 

 As the above parameters are provided on a per-site basis, the number 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 directly, in which case the model recalculates other parameters to 

maintain consistency within the data. 
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TABLE  5  Fuel Storage and Dispensing 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 

equipment & installation 

Larger of $900,000 or ($6,700) x (Fuel cell powered 

units per site) x (H2 consumed per operating hour) x 

(Operating hours per shift) x (Shifts per day)  

Infrastructure installation expense $6,700/kg of hydrogen consumed per day 

Class I/II units per site 20 

Class III units per site 40 

Class I/II fuel consumption rate 0.250 kg/hour per unit 

Class III fuel consumption rate 0.023 kg/hour per unit 

Class I/II hours/shift 4 

Class III hours/shift 4 

Class I/II shifts/day 2 

Class III shifts/day 2 

 

 

5.2.6  Fuel, Operations, and Maintenance Expenses 

 

 Annual expenses of operating the fuel cells in forklift applications must be considered 

when estimating overall economic impacts. The paragraphs below summarize the default values 

associated with these costs while Appendix A.4.1 and A.4.2 provide the rationale for these 

values. 

 

 

5.2.6.1  Hydrogen Expenses and Operations Variables 

 

 The annual hydrogen expense per unit is estimated via the expression: 

 

(Price of delivered H2) x (H2 per operating hour) x (Operating hours per shift) x (Shifts per day) 

x (Days per week) x (Weeks per year) 

 

 The default price of delivered hydrogen in JOBS FC is $5.50/kg and the other factors are 

based on default values or user input in the Forklift INPUTS tab. The fuel cell performance 

defaults are shown in Table 5 above. Other defaults include 6 days of operation per week and 

52 weeks of operation per year. The model also uses a cost of hydrogen production for which the 

default value is $3/kg. The ratio of production cost to delivered price is used to determine the 

economic impacts within the Industrial Gas Manufacturing 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 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. Fuel cell maintenance costs are assumed to be low with a value of 

$0.65/operating hour for Class I/II fuel cells and $0.5/operating hour for Class III units. These 

values were compiled from a variety of industry sources. 

 

 The annual fuel cell maintenance 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) 

 

 Factors in this expression are derived from defaults or user input in previous steps of the 

tab. 

 

 The fueling infrastructure maintenance expense is the value of the annual maintenance 

expense for each fueling infrastructure site installation. Defaults used in determining these 

expenses are shown in Table 6. Appendix A.4.2 provides a discussion of the development of 

these parameters. 

 

 

TABLE  6  Assumptions for Estimated Annual Forklift Fueling 

Infrastructure Maintenance Costs 

Fuel cell fills per fuel cell operating hour 0.2 

Infrastructure maintenance hours per fuel cell fill  0.01 

Infrastructure maintenance costs per hour (proxy for labor and materials) $90 

 

 

 The annual operating hours are calculated 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 region only). If a Gross Analysis is selected, in addition to the 

manufacture, installation, and use of new fuel cells, the user may enter information that allows 

the model to consider the economic impacts of fueling and maintaining those fuel cell forklifts 

that exist in the region at the beginning of 2015. It is assumed that the operational characteristics 

of the existing sites and individual forklifts are the same as new units and sites described in 

earlier steps of the model. No economic impacts associated with the manufacture or installation 

of existing forklifts are considered as these impacts would have occurred prior to the time period 

of interest. 
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5.4  NET ANALYSIS  

 

 The other option in JOBS FC is to conduct a Net Analysis in which the impacts of not 

using batteries as the energy source on the forklifts are subtracted from the impacts of using fuel 

cells. This option is available only when specifying the ñUSA-Nationalò region. This limitation 

is required in JOBS FC due to the limited availability of data on the manufacture of batteries 

within regions smaller than the United States as a whole. Default parameters provided for the 

ñNet Analysisò option are summarized as follows. 

 

 As noted above, the alternative energy source for forklifts is assumed to be batteries. 

These batteries could 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 manufactured in the United States and not exported, as well as the fuel cell 

units imported from outside the United 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 parameters are described in Appendix A.5.2 and the default values are 

presented in Table 7. 

 

 

TABLE  7  Default Parameters for Net Analysis of Forklift Applications  

Percent of batteries installed in United States that are 

manufactured in the United States* 

65% 

Percent of batteries installed outside the United States that 

are manufactured in the United States 

0% 

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

Retail Price per battery in Class III 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 cost 

Annual Battery Charger and Infrastructure maintenance cost $900 per forklift 

*Argonne-RCF assumption based on an analysis of industry sources. Please see Appendix A.5.2.1 for further discussion. 
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6  BACKUP POWER 

 

 

6.1  OVERVIEW  

 

 The backup power module of JOBS FC is designed to estimate the economic impacts 

associated with the use of fuel cells for backup power in telecommunications applications. The 

activities included in the backup power module include: manufacturing, sales, and shipping of 

new fuel cells, installation of the fuel cell and on-site fueling equipment, hydrogen fuel 

production and delivery, and maintenance of the fuel cells. 

 

 This section provides information on default values and methodologies used in the 

development of the backup power module. As with the forklift module, the backup power 

module may also be 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 section provides a discussion of parameters that must be input to the backup power 

module of JOBS FC. As with the forklift module, default values are provided for many of these 

parameters. The appendix provides information on these default values. For many of the input 

data in the backup power module, the basis for default values is similar to that for the 

corresponding defaults in the forklift module. In those cases, the appendix will  note this 

similarity and present the backup power defaults in tables rather than repeating the discussion of 

the development of these defaults. The user may elect to change any or all of these default 

values. 

 

 

6.2.1  Unit Size and Usage Requirements 

 

 The fuel cell unit size for backup power applications can range from less than 1 kW to 

15 kW. Fuel cells may be sized for critical needs power only, or for a wider range of power 

requirements. Also, fuel cells may be oversized relative to the current site power due to the 

expectation of increased power requirements in the future. Prior analyses of fuel cells for backup 

power have generally assumed 5 kW units (e.g., Greene et al. [2011], Battelle [2011], 

Mahadevan et al. [2007]). JOBS FC also uses a default fuel cell size of 5 kW for backup power 

fuel cells.  

 

 Opinions from industry sources differ on whether fuel cells are typically chosen to 

exactly match critical power requirements or if oversized units are occasionally installed. Balshe 

(2011) states that the typical cell tower has a power load of 2ï3 kW. In JOBS FC, the average 

power load used in the analysis is assumed to be 60% of the fuel cell size, or 3 kW for the default 

fuel cell size of 5 kW. Economic impacts estimated in JOBS FC are based on the assumption that 

for all hours of operation, including backup run-time and testing run-time, the fuel cell is 

operating at the average power load level. 
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 Industry sources suggest that required run-time can vary 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 FC uses a default required run-time of 48 hours. Along with the 

default fuel cell size, this assumption yields a 240 kWh requirement which determines the 

amount of fuel storage equipment installed on-site as well as the initial amount of stored fuel. 

 

 JOBS FC divides annual run-time into two categories: backup run-time and testing run-

time. Industry sources emphasize that backup run-time varies significantly by region and by site. 

Some sites rarely require fuel cells to be turned on while others may use them for over a hundred 

hours per year. Ballard (2011) suggests that 20 hours of annual backup run-time is on the high 

end. However, given the likelihood that backup run-time does not conform to a normal 

distribution, JOBS FC contains a default of 20 hours of annual backup run-time. 

 

 Manufacturers and operators described additional run-time related to backup or testing. 

JOBS FC uses a default of an additional 4 hours of annual run-time for testing purposes. Along 

with the default average power load, these assumptions yield 72 kWh of annual power 

generation. This annual usage in turn determines the default annual fuel usage. 

 

 Table 8 summarizes the default parameters and sources used for backup power fuel cell 

unit size and usage requirements. 

 

 

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

 

Variable Default Value Source 

   

Backup power fuel cell unit size (average 

kW/unit) 

5 kW Greene et al. 2011; Battelle 2011; Mahadevan 

et al. 2007 

Average power load during operation 

(average kW) 

60% of FC unit 

size 

Argonne-RCF assumption based on Balshe 

2011 

Hours of required run-time from on-site 

storage (hours) 

48 hours Argonne-RCF Assumption 

Annual backup run-time (total hours/year) 20 hours Argonne-RCF Assumption 

Annual testing run-time (total hours/year) 4 hours Argonne-RCF Assumption 

 

 

6.2.2  Units Manufactured, Exported, and Imported 

 

 The number of units manufactured in a region of interest, and the number of units to be 

imported or exported from the region must be specified. As no default values are offered, the 

user is responsible for specifying these scenario parameters. 

 

 To assist the user, JOBS FC contains a forecast of the total US potential market for 5 kW 

backup power fuel cells by year from 2015 to 2020. As shown in Table 9, this forecast is based 

on estimates of the total US market for telecom towers and the expected useful life of backup 

power systems (Greene et al, 2011). These estimates are offered as a proxy for the possible 
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annual market size. These potential market sizes should be used only as a guide for scenario 

development and analysis and should not be considered a complete market or sales forecast for 

fuel cells or any type of backup power units. If the user has selected the ñPercentage of annual 

backup power shipmentsò option, the number of units 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 

Year 

 

Potential Market Size 

(5 kW equivalent units) Source 

   

2015 17,500 

RCF Estimate 

2016 17,750 

2017 18,000 

2018 18,250 

2019 18,500 

2020 18,750 

 

 

6.2.3  Retail Price and Manufacturing Cost 

 

 The default retail price for fuel cells used in backup power applications was determined 

under the same basic assumptions as for forklift applications, see Section 5.2.3.1. The user 

specified number of units manufactured can have an effect on the manufacturing cost and retail 

price.  

 

Manufacturing cost in year t =  

(Base manufacturing cost) x (Learning effects) x (Scale effects) x (Technological progress 

effects) 

 

 Details are provided in Appendix A.1.1 and the default values are shown in Table 10. 

 

 

TABLE 10  Default Manufacturing Cost 

and Retail Price for Backup Power 

Applications in 2015* 

 

Unit Size 

(kW) 

Manufacturing 

Cost (2010$/kW) 

Retail Price 

(2010$/kW) 

   

5 1210 1815 

*  Assumes minimum manufacturing levels. User inputs 

can change default values. 
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6.2.3.1  Learning Effects 

 

 Development of the expression for the Learning effects for Backup Power application is 

similar to that for forklift applications and is described in Appendix A.1.2.3. 

 

Learning effects in year t =  

[(Cumulative 5 kW equivalent backup power fuel cell units manufactured in the US through the 

end of year t)/ (3,200)] 
-.152

 

 

 

6.2.3.2  Scale Effects 
 
 As discussed in Appendix A.1.2.5.3, the backup power module uses a scale elasticity of -
0.20 where the scale elasticity measures the percent reduction in cost for each 1% increase in 
annual production volume. It is also assumed (Wheeler and Ulsh 2012) that national production 
is evenly distributed among four firms and the Scale effects will cease at 5,000 units per firm.  
 
 As a result the following formulas represent the Scale effects for backup power fuel cells: 
 
Scale effects in year t = 
 
If, annual 5 kW equivalent backup power fuel cell units manufactured in the US in year t <= 
3,000,  then [(3,000 units/4 firms)/(2,000 units per firm)]

-0.20
 

 
If, 20,000 > annual 5 kW equivalent backup power fuel cell units manufactured in the US in year 
t > 3,000,  then [(Annual 5 kW equivalent backup power fuel cell units manufactured in the US 
in year t/4 firms)/(2,000 units per firm)]

-0.20
 

 
Otherwise, [(20,000 units/4 firms)/(2,000 units per firm)]

-0.20 

 

 

6.2.3.3  Technological Progress Effects 

 

 The Technological progress effects calculation is exactly the same as for forklift fuel 

cells and is given by the formula: 

 

Technological progress effects = (1ï2%)
(year t ï 2010) 

 

 

6.2.4  Fuel Cell Shipping Expenses 

 

 Industry sources suggest the shipping expense for backup power fuel cells may be 

somewhat high relative to fuel cell unit price because most shipments comprise only a small 

number of units and they are occasionally 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 expense is assumed to apply for all years of the toolôs 

time frame (2015ï2020). As with other applications, JOBS FC assumes that 50% of the 
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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 associated with installing a backup power fuel cell system include site 

design and engineering, construction, hydrogen storage equipment, and, if applicable, any bridge 

battery expenses. 

 

 Table 11 shows the default values used in determining the fuel cell installation and 

hydrogen storage costs. The reader is referred to Appendix A.3.2 for details on the selection of 

these default values. 

 

 

TABLE  11  Default Assumptions for Installation and Hydrogen Storage Equipment 

Expenses 

 

Variable Default Value Source 

   

Site design and engineering  $8,000 per installed fuel cell Argonne-RCF Assumption 

Construction  $10,000 per installed fuel cell Argonne-RCF Assumption  

Hydrogen storage and fueling equipment  $1,000/kg of stored H2 Argonne-RCF Assumption 

Bridge battery  $0 per installed fuel cell Argonne-RCF Assumption 

 

 

 The kilograms of stored hydrogen is determined by the fuel efficiency of the fuel cell and 

the number of hours that the fuel cell must run off the storage tank. 

 

 

6.2.6  Hydrogen Fuel Expenses 

 

 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 filling  the new system. Later, 

there will be annual re-fueling expenses associated with replacing the fuel that has been used. 

 

 Table 12 summarizes the assumptions and values used for hydrogen fuel expenses for 

fuel cells for backup power applications. Appendix A.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 hydrogen production $3/kg Argonne-RCF Assumption 

Price of delivered hydrogen Cost($/kg) of H2 + $27/kg Argonne-RCF Assumption  

Hydrogen used per kWh of run-time  0.065 (kg/kWh) Argonne-RCF Assumption 

Required runtime from storage 48 hours Argonne-RCF Assumption 

Total annual usage plus test time 24 hours Argonne-RCF Assumption 

 

 

6.2.7  Maintenance Costs  

 

 Fuel cell maintenance costs are the annual costs to maintain the fuel cell and related 

equipment only. Industry sources suggest that fuel cells in backup power applications have 

minimal maintenance requirements.  

 

 Table 13 summarizes the assumptions and values used for default maintenance expenses 

for fuel cells in backup power applications. Development of these default values is described in 

Appendix A.4.3. If the user does not wish to use these defaults, (s)he must input dollar values 

(not hours and hourly rates) for travel-related and/or on-site maintenance expenses. 

 

 

TABLE  13  Default Assumptions for Backup Power Fuel Cell Maintenance Expenses 

 

Variable Default Value Source 

   

Travel-related (labor and expenses)  $360 ($/fuel cell/year) Argonne-RCF Assumption 

On-site maintenance (labor and expenses)  $90 ($/fuel cell/year) Argonne-RCF Assumption  

 

 

6.3  GROSS ANALYSIS ï 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 JOBS FC. No default values are offered and 

this step is only available for the Gross Analysis option. 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 characteristics as the new units described in previous 

steps. 

 

 

6.4  NET ANALYSIS ï ALTERNATIVE BACKUP P OWER TECHNOLOGIES  

 

 If the user has opted for a ñNetò analysis, the displaced alternative back up power 

technology must be accounted for. Two possible alternative backup power technologies are 
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included in JOBS FC; battery backup and a diesel generator set (referred to as a genset). If eight 

hours or less of backup run-time are required from on-site storage, a battery-only system is 

selected as the default alternative technology. If  more than the eight hours are needed, a diesel 

genset system is selected as the default alternative technology. The user may override the default 

and switch to the other alternative technology or choose a mixture of both battery-only systems 

and diesel genset systems by specifying the percentage of sites which otherwise would use a 

battery-only system (as opposed to gensets). 

 

 Table 14 provides the default values for the alternative technologies considered in the Net 

Analysis option for backup power applications. Information regarding these default values is 

given in Appendix A.5.3. 

 

 

TABLE  14  Default Values for Backup Power Net Analysis 

 

Parameter Battery Backup Genset Backup 

   

Percent of technology installed in United States 

that is manufactured in United States 

65% 42% 

Percent of technology installed outside the 

United States that is manufactured in United 

States 

0% 0% 

Retail Price  $0.17 x watt-hours of required 

operation from storage per 

system 

$12,500 or $20,000 (See 

Appendix A.5.5.1) 

Shipping Cost 5% of default retail price per 

system 

5% of default retail price per 

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 diesel 

production cost 

Gallons of diesel consumed NA 0.12 gallon/kWh 

Cost of electricity $0.095/kWh NA 

Travel (labor and expenses) $1,440/system/year $1,440/system/year 

On-site maintenance (labor and expenses) $180/system/year $1,080/system/year 

 

 

 JOBS FC estimates economic impacts in the United States only. Therefore, it is necessary 

to identify the portions of the displaced backup power technologies which are manufactured in 

the United States. For backup power fuel cells that are installed and used in the United States, the 

displaced technology could have been manufactured in the United States or in a different 

country.  
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 Table 15 below summarizes the assumptions and values used for displaced battery 

systems or diesel gensets manufactured in the United States. Detailed discussions of how the 

default assumptions were developed for battery systems and diesel gensets follow 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 power installed in the United 

States manufactured in the United States 

65% Argonne-RCF Assumption 

Percentage of Batteries for backup power installed outside the 

United States manufactured in the United States 

0% Argonne-RCF Assumption  

Percentage of Gensets for backup power installed in the United 

States manufactured in the United States 

42% Supplier Relations (2012a) 

Percentage of Gensets for backup power installed outside the 

United States manufactured in the United States 

0% Argonne-RCF Assumption 

 

 

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 

maintenance. Table 16 shows a summary of the default values with details on the development of 

these default values given in Appendix A.5.4. 

 

 

TABLE  16  Default Assumptions for Battery Systems for Backup Power  

 

Variable Default Value Source 

   

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

Total shipping expense for battery system  5% of default retail price per system Argonne-RCF Assumption 

Site design, engineering, permitting  $0 per system Argonne-RCF Assumption 

Construction  $0 per system Argonne-RCF Assumption 

Other installation equipment  $0 per system Argonne-RCF Assumption 

Cost of electricity $0.095/kWh Argonne-RCF Assumption 

Travel (labor and expenses)  $1,440/system/year Argonne-RCF Assumption 

On-site maintenance (labor and expenses) $180/system/year Argonne-RCF Assumption 
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6.4.2  Diesel Gensets 

 

 This section presents information related to diesel gensets for backup power. Default 

values are shown in Table 17 while details on these values are provided in Appendix A.5.5. 

 

 

TABLE  17  Default Assumptions for Diesel Genset Systems for Backup Power 

 

Variable Default Value Source 

   

Total retail price for diesel genset  $12,500 or $20,000 per system (see 

Appendix A.5.5.1) 

Argonne-RCF Assumption 

Total shipping expense for genset 

system  

5% of default retail price per system Argonne-RCF Assumption 

Bridge battery  $0 per system Argonne-RCF Assumption 

Site design, engineering, permitting  $0 per system Argonne-RCF Assumption 

Construction  $0 per system Argonne-RCF Assumption 

Fuel storage and other equipment  $0 per system Argonne-RCF Assumption 

Cost of diesel production  $3.40/gallon Argonne-RCF Assumption 

Price of delivered diesel Twice the default production cost per gallon Argonne-RCF Assumption 

Gallons of diesel used per kWh  0.12 gal/kWh Argonne-RCF Assumption 

Travel (labor and expenses) $1,440/system/year Argonne-RCF Assumption 

On-site maintenance (labor and 

expenses)  

$1,080/system/year Argonne-RCF Assumption 
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7  PRIME POWER  

 

 

7.1  OVERVIEW  

 

 The final option for fuel cell applications considered in JOBS FC is prime power. In this 

application, fuel cells are used to provide electrical power that can be used on-site, sold to the 

grid, or a combination of the two. The fuel cells used in this application are often equipped with 

heat recovery equipment so that the heat generated can also be used for central heating. This 

combined technology is the option that is modeled in JOBS FC. 

 

 Two types of prime power fuel cells are considered in the model ð Molten Carbonate 

(MCFC) and Phosphoric Acid (PAFC). Information on each of these options is presented in the 

sections that follow and in the appendix. 

 

 

7.2  DEFAULT VALUES AND  METHODOLOGY  

 

 

7.2.1  Unit Size and Operations Variables 

 

 As of early 2012, MCFCs were commercially available in three primary plant sizes: 300 

kW, 1400 kW, and 2800 kW (FuelCell Energy 2012c). Industry sources suggest the 1400 kW 

unit is the primary product. Therefore, JOBS FC assumes this power level as the default fuel cell 

unit size for MCFCs. 

 

 PAFCs are currently available as a 400 kW unit (UTC Power 2011). JOBS FC assumes 

400 kW as the default fuel cell unit size for 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. For example, if the user is modeling a site with a 

power requirement of 1 MW and the user has chosen to install 2 500 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 ñ2ò. 

 

 The capacity factor and annual kilowatt-hours generated per fuel cell are interrelated. If a 

capacity factor is specified by the user, then the annual kilowatt-hours generated per fuel cell are 

calculated. Conversely if the annual kilowatt-hours generated per fuel cell is specified by the 

user, then the capacity factor is adjusted 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% capacity factor) x (Fuel cell unit size) x (24) x (365) 
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 If the user chooses to specify a different capacity factor or annual kWh generated, then 

the other variable is calculated according to the following equation: 

 

Capacity factor = (Annual kWh generated)/(Potential annual kWh) 

 

Where the potential kWh 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 Cell Unit Size and Operations Variables 

 

Variable Default Value Source Other Default Values Impacted 

    

Fuel cell unit size 

(kW/unit) 

1400 kW 

(MCFC);  

400 kW (PAFC) 

FuelCell Energy (2010); 

UTC Power (2011) 

Annual kilowatt-hours generated 

per fuel cell, fuel cell retail prices, 

fuel cell shipping expense, fuel cell 

installation expenses, annual fuel 

expenses, fuel cell maintenance 

expenses, annual displaced 

electricity, and natural gas expenses 

 

Capacity factor (annual 

kWh generated/potential 

annual kWh) 

90% Argonne-RCF 

Assumption 

 

Annual kilowatt-hours generated 

per fuel cell, annual fuel expenses, 

annual displaced electricity, and 

natural gas expenses  

 

Annual kilowatt-hours 

generated per fuel cell 

(kWh/year) 

Calculation  Annual fuel expenses, annual 

displaced electricity, and natural gas 

expenses 

 

 

7.2.2  Manufactured, Exported, and Imported  

 

 No default values are offered. The user must specify, on a year-by-year 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 

region 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 backup power applications, default retail prices for prime power 

applications are dependent on user input for the respective fuel cell technology, unit size, the 
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number of units manufactured in the region, and the cumulative units manufactured in the United 

States through any given year. Based on default values in JOBS FC for the relevant parameters 

(and assuming a single unit is manufactured in the region in 2015) Table 19 displays default 

retail prices for MCFCs and PAFCs. In a manner similar to that for forklift and backup power 

applications, factors accounting for Learning effects, Scale effects, and Technological progress 

effects are applied to this basic cost to estimate the retail price for the specific conditions as 

specified by the user. These factors are noted in the sections below and described more fully in 

Appendix A.1.1. 

 

 

TABLE  19  Default Retail Prices for Prime Power 

Applications in 2015* 

 

Technology Unit Size (kW) Retail Price (2010$/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 Appendix A.1.2.4, JOBS FC uses separate expressions for the Learning 

effects for the two types of fuel cells considered in the model. 

 

 To determine the Learning effects in year t for MCFCs, JOBS FC uses the ratio of 

cumulative MW manufactured in the United States through the end of year t, to cumulative MW 

manufactured in the United States at the end of 2010, raised to the learning exponent (-0.152). 

 

MCFC Learning effects in year t =  

[(Cumulative MW in the US through the end of year t) / (126 MW)] 
-.152

 

 

 Where 126 MW is the assumed cumulative MW of MCFCs manufactured in the United 

States by the end of 2010 and the learning exponent is the value assumed by Greene et al. (2011). 

 

 Similarly, the Learning effects for the PAFC option are expressed as: 

 

PAFC Learning effects in year t =  

[(Cumulative MW in the US through the end of year t)/(68 MW)]
-.152

 

 

 

7.2.3.2  Scale Effects 

 

 As in forklift and backup power applications, the Scale effects for prime power 

applications uses a scale elasticity of -0.20 where the scale elasticity measures the percent 

reduction in cost for each 1% increase in annual production volume. It is also assumed that only 
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one firm manufactures MCFCs and the Scale effects cease at a production volume of 200 MW 

per year.  

 

 Following the logic described in Appendix A.1.2.5.4, the Scale effects for MCFC 

technology is given by: 

 

Scale effects in year t for MCFC= 

 If, MW manufactured in year t < 60 MW, then (60 MW/22 MW)
-0.20 

If, 200 MW > MW manufactured in year t >=60 MW,  then (MW manufactured in year 

t/22 MW)
-0.20 

Otherwise, (200 MW/22 MW)
-0.20 

 

 Where 22 MW is the assumed 2010 MCFC manufacturing level and the exponent is the 

scale elasticity assumed by Greene et al. (2011). 

 

 For PAFCs it is assumed that manufacturing is confined to one firm and that the scaling 

effect ceases at 80 MW (200 units at 400 kW each). This assumption is based on information in 

Schoots et al. (2010) and Greene and Duleep (2008), and on conversations with manufacturers. 

 

 Therefore, the PAFC Scale effects is given by: 

 

PAFC Scale effects in year t = 

 If, MW manufactured in year t < 38 MW,  then (38 MW/14 MW)
-0.20 

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

t/14 MW)
-0.20 

Otherwise, (80 MW/14 MW)
-0.20 

 

 Where 14 MW is the assumed 2010 PAFC manufacturing level and the exponent is the 

scale elasticity assumed by Greene et al. (2011). 

 

 

7.2.3.3  Technological Progress  

 

 The expression for Technological progress effects is the same as that for the other 

technologies considered in JOBS FC.  

 

Technological progress effects = (1ï2%)
(year t ï 2010) 

 

 

7.2.4  Shipping Expenses 

 

 The default shipping 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 region of manufacture and the 

remaining 50% are incurred in the region of installation. 
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 7.2.5  Installation Expenses 

 

Default installation costs for prime power applications are those of the fuel cell and related 

construction expenses, assuming that a basic natural gas infrastructure already exists at the site. 

Table 20 below shows the default parameters while Appendix A.3.3 provides the rationale used 

in selecting these values. 

 

 

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

 

Variable Default Value Source Other Default Values Impacted 

    

Total installation expense 

($/installed fuel cell) 

30% of default 

retail price in 2015 

Argonne-RCF Assumption Site design and engineering, 

construction, heat recovery 

equipment 

Site design and 

engineering ($/installed 

fuel cell) 

20% of total 

installation expense 

Argonne-RCF Assumption  

Construction ($/installed 

fuel cell) 

50% of total 

installation expense 

Argonne-RCF Assumption   

Heat recovery equipment 

($/installed fuel cell) 

30% of total 

installation expense 

Argonne-RCF Assumption  

External gas cleanup 

equipment ($/installed 

fuel cell) 

$0 Argonne-RCF Assumption  

 

 

7.2.6  Prime Power Fuel Expenses 

 

 The default annual fuel expense per fuel cell is based on the price of delivered natural gas 

(using the default of $9 per thousand cubic feet or a user specified cost) and the natural gas 

consumed per year. The latter term, expressed in million cubic feet, is determined via the 

relationship: 

 

Natural gas consumed per year (mcf/year) = 

 (scfmFC type) x (fuel cell unit size) x (capacity factor) x 60 x 24 x 365/1000 

 

 Where the scfmFC type represents fuel efficiency (standard cubic feet per minute per kW) 

and is dependent on the fuel cell type. Default values for these parameters are shown in Table 21. 

Appendix A.4.4.1 provides the rationale used in selecting these values.  
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TABLE  21  Default Assumptions for Fuel Expenses 

 

Variable Default Value Source Other Default Values Impacted 

    

Price of delivered natural gas 

($/mcf) 

$9/mcf EIA 2012 Annual fuel expense per fuel cell 

MCFC ï fuel consumption 0.129 scfm per kW FuelCell Energy 

(2010) 

Natural gas consumed per year 

PAFC ï fuel consumption 0.179 scfm per kW UTC Power (2011) Natural gas consumed per year 

Natural gas consumed per year 

(mcf/year) 

Calculation  Annual fuel expense per fuel cell 

Annual fuel expense per fuel 

cell ($/fuel cell/year) 

Calculation   

 

 

7.2.7  Prime Power Maintenance Expenses 

 

 JOBS FC assumes the default fuel cell maintenance expense for each fuel cell type is 

approximately 7.5% of total initial capital expense in 2015 (retail price + installation expense). 

The maintenance expense is assumed to apply to all units in operation in the toolôs time frame 

(2015-2020). The default percentage is based on a variety of maintenance cost estimates, 

including Remick and Wheeler (2010), Greene et al. (2011), and McGervey and Stinton (2011). 

 

 

 7.3  GROSS ANALYSIS ï EXISTING FUEL CELL UNITS IN R EGION 

 

 If the user elects to do a gross analysis, the number of units in operation in the selected 

region at the beginning of 2015 can be entered. No default values are offered for this step. By 

entering the existing number of operational units, the user can estimate the economic impacts 

associated with fueling and maintaining these pre-existing fuel cells over the toolôs time frame 

(2015-2020) in addition to any new fuel cells deployed. 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 ï DISPLACED GRID ELECTRICITY AND  NATURAL GAS  

 

 If the user has elected to do a net analysis (available only if the ñUSA-Nationalò region 

has been selected), the user can specify information regarding the energy displaced by the fuel 

cells either as electricity or as natural gas. Default values for the Net Analysis are shown in Table 

22. Appendix A.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 grid-based 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 cost 

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

PAFC: 52% of energy in natural gas 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 construction of manufacturing facilities. The first, called ñPEM Facility 

Constructionò, considers the construction of a new facility or the expansion of an existing facility 

to produce PEM fuel cells used in forklift or backup power applications. The second, entitled 

ñPrime Facility Constructionò, examines construction of a new facility to manufacture MCFCs 

or PAFCs for prime power applications. 

 

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

along with the annual production capacity of the facility. For the PEM facility, the user must 

indicate whether the production facility is new or an expansion of an existing facility. For the 

PEM module, capacity must be expressed in terms of 5 kW backup power unit equivalents. For 

the Prime Power Construction module, annual capacity must be expressed in terms of total 

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

 

 

8.2  MANUFACTURING FACILI TY INITIAL COSTS  

 

 Default values are provided for specific categories of construction costs for the facility. 

Rather than specific values however, each of these defaults is based on unit size and annual 

production. Table 23 shows default values for specific facility construction scenarios as follows: 

an existing 5 kW PEM facility with a current capacity of 500 units which is to be expanded to 

1000 units; a new 5 kW PEM facility with an annual capacity of 500 units. 

 

 

TABLE 23  Sample Default Values for a 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 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 

 

 

 Construction costs for facilities to produce prime power fuel cells are less detailed than 

for facilities to produce PEMs. As a result, the defaults represent aggregate costs. Table 24 

shows default values for a new prime power construction facility with an annual capacity of 50 

megawatts. Discussions of the development of these default parameters can be found in 

Appendix A.6. 
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TABLE 24  Defaults for Prime Power 

Manufacturing Facility  Construction (Assuming 

50 MW Annual Production Capacity) 

Land Cost $543,200 

Closing Cost $32,600 

Site Design & Engineering $3,717,200 

Construction $14,868,800 

Equipment $45,100,200 
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9  MARKET FORECASTS  

 

 

 JOBS FC contains a tab which notes an estimated total potential market forecast for 

Classes I/II, and III forklifts and for backup power for telecommunication sites. These forecasts 

represent total possible shipments for fuel cells, assuming fuel cells are 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 and new backup 

power installation markets. This information is provided for reference only. The user cannot 

change these data in the table as they are applied in the model as defaults for production levels in 

the Forklift and Backup Power modules. However, the user may override these defaults by 

inputting values in the INPUTS tab as appropriate. The default production rates are shown in 

Table 25.  

 

 

TABLE  25  Estimated Total Potential U.S. Market Forecasts 

Year 

 

Class I/II 

Forklifts 

Class III 

Forklifts 

Backup Power for 

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 model are presented in two formats ï Charts (figures) and Tables. 

Results are presented by year and include employment (expressed in terms of job-years), 

Earnings, and Economic Output. These results are broken down further into Direct, Indirect, 

Induced, and Supply Chain impacts. Where applicable, Net results are provided in addition to 

Gross results. 

 

 As described previously, the employment impacts estimated within JOBS FC are 

expressed in terms of ñjob-years.ò This term is defined as one year of work for one person. 

Because the expenditures used in JOBS FC are assumed to take place in a given year, it can be 

concluded that the job-years estimated within that given year are equal 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 the impacts of full and part-time 

employment. It is therefore difficult to determine the number of full-time-equivalent (FTE) jobs 

supported by these expenditures. Future versions of the JOBS model will address this issue by 

incorporating the ratio of full-time-equivalent jobs to the total number of employees (full and 

part-time). These data are available on a sector-by-sector basis from the US Bureau of Economic 

Analysis (BEA). While this analysis has not been conducted for the results described in this 

report, preliminary examination suggests that the number of full-time-equivalent jobs supported 

by these expenditures is in the range of approximately 90-98% of the job-years reported. 

An example of the results provided by JOBS FC is provided below for a selected user input 

scenario for backup power fuel cells, as 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 Illinois during the 2015-2020 time frame, with 80 percent of the units 

exported each year from Illinois. Entering information on the Backup INPUTS tab (Figure 4), the 

user specifies that in the base year 1,000 5 kW fuel cells are manufactured in Illinois with 800 of 

the units exported to regions outside Illinois. 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 

parameters.  

 

 

 

FIGURE 4  User Inputs: Backup Power Example Scenario 
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 As shown in Figure 5, fuel cell manufacturing grows from 1,000 units per year to 2,000 

units per year over the 2015-2020 time period. In this illustrative example, with 80% of the units 

exported outside Illinois, the number of units installed each year in Illinois grows from 200 to 

400. Other key scenario assumptions, using default values, are provided below. 

 

 

 

FIGURE 5  Key Scenario Assumptions: Backup Power Example Scenario 

 

 

10.2  BACKUP POWER EXAMPLE SCENARIO RESULT S 

 

 JOBS FC provides two results tabs: Backup RESULTS ï Charts and Backup RESULTS 

ï Tables. Results are provided in 2010 dollars and economic impacts are assumed to occur in the 

same year as expenditures. For our example scenario, the chart in Figure 6 shows changes in 

employment by year for four expenditure categories: fuel cell, installation, fuel, and 

maintenance. Results for each category are divided further into supply chain impacts and induced 

impacts. As shown, total gross employment grows from approximately 255 job-years to 

approximately 470 job-years over the six-year scenario. Benefits of installing and operating the 

80% of units that are exported are not included in these results as they occur outside of Illinois. 

All manufacturing benefits and 50% of the shipping expenditures for the exported units are 

included in the benefits for Illinois. The table below the bar chart gives employment changes for 

each category. In this gross analysis, the black line shows total employment impact (in job-

years). A job-year is one year of work for one person, and there is no distinction between full-

time and part-time work. 

 

Value (dollar 

values are in 

2010$) Year  BuP Annual Units Mfg.  BuP Annual Units Installed 

Region IL 2015 1,000                                   200                                               

Analysis Type Gross 2016 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 2018 1,600                                   320                                               

Hours of required run-time from on-site storage (hours) 48 2019 1,800                                   360                                               

Annual backup run-time (total hours/year) 20 2020 2,000                                   400                                               

Annual testing run-time (total hours/year) 4

Total fuel cell installation expense ($/installed FC) $33,500

Initial (stored) H2 fuel expense ($/installed FC unit) $468

Annual H2 fuel expense ($/operating FC unit/year) $140

Total FC maintenance expense ($/FC/year) $450

Key Scenario Assumptions

Category

Notes

(1) All dollar values are in 2010$. (2) Economic impacts are assumed to occur in the same 

year that expenditures occur.  For each year's expenditures, the economic impacts include 

direct, indirect, and induced effects for employment, earnings, and output. (3) Total 

economic impacts = Direct + Indirect + Induced; Supply chain impacts = Direct + 

Indirect. (4) Employment includes both full and part-time jobs. (5) Earnings and Output 

results are in thousands of 2010$. 
Please review Step 10 of the 'Backup INPUTS' sheet for assumptions regarding 

batteries and/or gensets for backup power which impact the net analysis
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FIGURE 6  Employment Estimates: Backup Power Example 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 these similar processes. 

 

 

A.1  MANUFACTURING COSTS  

 

 The manufacturing cost is the summation of all costs associated with manufacturing a 

fuel cell including materials, direct labor, capital maintenance, and direct manufacturing 

overhead. In JOBS FC, the manufacturing cost cannot exceed the retail price. Default 

manufacturing costs are calculated using default values and/or user inputs in addition to 

information from Battelle (2011), Greene et al. (2011), Wheeler and Ulsh (2012), and Argonne-

RCF assumptions. These costs are based on four parameters that describe a Base manufacturing 

cost, Learning effects, Scale effects, and Technological progress effects. 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 beyond. JOBS FC incorporates a manufacturing cost forecasting function 

presented in Greene et al. (2011).  

 

 The manufacturing cost function is as follows: 

 

Manufacturing cost in year t =  

(Base manufacturing cost) x (Learning effects) x (Scale effects) x (Technological progress 

effects) 

 

 The following sections provide additional discussion of the Base manufacturing cost, 

Learning effects, Scale effects, and Technological progress effects. 

 

 

A.1.1  Base Manufacturing Cost 

 

 The Base manufacturing cost is not visible in the tool, but helps determine the year-by-

year manufacturing cost values. The fuel cell unit sizes are the only variables that determine the 

Base manufacturing cost according to the following function. 

 

Base manufacturing cost ($/kW) = (Constant) x (Fuel cell unit size) 
Exponent 

 

 The values for Constant and Exponent are shown in Table A1 for each application. 
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TABLE  A1  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 value $5,293/kW is based on information presented in Battelle (2011) where the 

manufacturing cost for a 5 kW backup power fuel cell in 2010 was estimated to be $1,379. The 

ratio of prices for a forklift fuel cell to a backup power fuel cell of the same size was assumed to 

be 2.0 based in part on Greene (2011). The $2647/kW value for backup power applications is 

from the same source. The -0.405 exponent for both forklift and backup power applications was 

estimated by Schoots et.al. (2010). More detail on these values can be found in Green et.al. 

(2011).  

 

 Information for the development of the Constants for 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 presented for the 1400 

kW unit and is reported to be $700/kW, or 1/6
th
 of the total installed expense. Assuming that the 

installation expenses are 1/6
th
 total installed costs for the other sizes as well, the retail price 

equivalent for the 300 kW, 1400 kW, and 3000 kW units would be approximately $4,580/kW, 

$3,500/kW, and $2,920/kW, respectively. 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 default fuel cell unit size (1400 kW) for MCFC units yield the Constant noted 

above for the MCFC option. Note also that this value yields the Base Retail Price as opposed to 

the Base manufacturing cost for the forklift and backup power applications.  

 

 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 above table for the PAFC. 

 

 

A.1.2  Learning Effects 

 

 

A.1.2.1  Generic Learning Effects 

 

 The cumulative production of fuel cells determines the Learning effects, also known as 

cost reductions due to learning-by-doing. Learning-by-doing is often measured using progress 

ratios which represent how the cost of production falls after cumulative production changes. 

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 reductions ð especially for novel technologies. 

Many of the progress ratios from the studies highlighted by Greene et al. were in the range of 

0.75ï0.85 (implying a 15ï25% reduction in costs for every doubling of cumulative production). 

Greene et al. (2011), however, conservatively assume a progress ratio of 0.90 (implying a 10% 

reduction in costs for every doubling of cumulative production) for all fuel cell technologies 

considered in JOBS FC. They further state this is because the learning, scale, and Technological 

progress effects are modeled separately in their study as it is in JOBS FC.  

 

 JOBS FC thus includes the assumption of a progress ratio of 0.90 for all fuel cell 

technologies. This expression is mathematically equivalent to a learning 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 that approximately 2,700 (cumulative) 5 kW equivalent 

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 determining Learning effects. 

 

 Based on information in Wheeler and Ulsh (2012) and others, JOBS FC assumes three 

manufacturers and 500 5 kW equivalent forklift  fuel cell units (per manufacturer) is appropriate 

for the forklift fuel cell market during the period 2011ï2014. As a result, to estimate the possible 

cost reductions due to learning-by-doing over this time frame (not available as user inputs), 

JOBS FC assumes an average of 1,500 5 kW equivalent forklift  fuel cell units are manufactured 

in the United States each year from 2011ï2014. As a result of these considerations, the Learning 

effects for forklift applications is expressed in JOBS FC as:  

 

[(Cumulative 5 kW equivalent forklift  fuel cell units manufactured in the US through the end of 

year t)/(2,700)]
-0.152

 

 

 So as not to limit userôs ability to analyze national markets or case studies involving 

smaller regions, JOBS FC also assumes a minimum of 3,000 5 kW equivalent forklift  fuel cell 

units are manufactured in the United States each year from 2015ï2020. This means that ð 

regardless of region selection ð if the number of units manufactured in year t (as specified by 

the user) is less than 3,000 units in a given year, the tool will use 3,000 units to calculate 

Learning effects. If the number of units manufactured in year t is greater than 3,000 units, then 

the user-specified values will be used for each year. 

 

 

A.1.2.3  Backup Power Learning Effects 

 

 Greene et al. (2011) assume approximately 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 determining Learning 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 result, to estimate the possible 

cost reductions due to learning-by-doing over the 2011ï2014 time frame (not available as user 

inputs), JOBS FC assumes an average of 2,000 5 kW unit equivalent backup power units are 

manufactured in the United States each year from 2011ï2014.  

 

 To determine the Backup Power Learning effects in year t, JOBS FC uses the ratio of 

cumulative 5 kW equivalent backup power fuel cell units manufactured in the United States 

through the end of year t, to the cumulative 5 kW equivalent backup power fuel cell units 

manufactured in the United States at the end of 2010 raised to the learning exponent (-0.152). 

Thus: 

 

Learning effects in year t =  

[(Cumulative 5 kW equivalent backup power fuel cell units manufactured in the US through the 

end of year t)/(3,200)] 
-.152

 

 

 So as not to limit userôs ability to analyze national markets or case studies involving 

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 from 2015ï2020. This means that ð 

regardless of region selection ð if the number of 5 kW equivalent units manufactured in year t 

(as specified by the user) is less than 3,000 units in a given year, the tool will use 3,000 units to 

calculate Learning effects. If the number of 5 kW equivalent units manufactured in year t is 

greater than 3,000 units, then the user-specified values will be used. 

 

 Table A2 summarizes the assumptions and values used for the Learning effects portion of 

the backup power manufacturing cost function.  

 

 

TABLE  A2  Learning-by-doing Assumptions for Backup Power Fuel Cell Manufacturing  

 

Parameter Value Source 

   

Progress Ratio 0.90 Greene et al. (2011) 

Learning exponent -0.152 Greene et al. (2011) 

Cumulative Units* Manufactured in the 

United States by the end of 2010 

3,200* (units) Greene et al. (2011) 

Units* Manufactured Annually in the United 

States (2011-2014) 

2,000* (units/year) Wheeler and Ulsh (2012)/ Argonne-RCF 

Assumption 

Minimum Units* Manufactured Annually in 

the United States (2015-2020) 

3,000 (units/year) Argonne-RCF Assumption 

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

 

 Due to differences in the maturity of the two Prime Power applications, separate 

Learning effects relationships are developed for the MCFC and PAFC technologies. As the 

learning exponent of -0.152 was developed based on information concerning all fuel cell 

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 cumulative production 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 Learning effects. 

 

 To estimate the possible cost reductions due to learning-by-doing over the 2011ï2014 

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 from 2011ï2014 which is slightly higher than the 

56 MW of current annual production stated by FuelCell Energy for 2011 (2012b). 

 

 To determine the Learning effects in year t for MCFCs, JOBS FC uses the ratio of 

cumulative MW manufactured in the United States through the end of year t, to the cumulative 

MW manufactured in the United States at the end of 2010 raised to the learning exponent  

(-0.152). 

 

MCFC Learning effects in year t =  

[(Cumulative MW in the US through the end of year t)/(126 MW)]
-.152

 

 

 Where 126 MW is the assumed cumulative 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 limit userôs ability to analyze national markets or case studies involving 

smaller regions, JOBS FC also assumes a minimum of 60 MW are manufactured in the United 

States each year from 2015ï2020. This means that ð regardless of region selection ð if the 

total MW manufactured in year t (as determined by fuel cell unit size and the number of units 

manufactured in the region) is less than 60 MW in a given year, the tool will use 60 MW per 

year to calculate Learning effects. If the total MW manufactured in year t is greater than 60 MW, 

then the user-specified values will be used. 

 

 

A.1.2.4.2  PAFC Technology 

 

 Learning effects for 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 

270 units of 200 kW capacity and 35 units of 400 kW capacity PAFCs had been installed 
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globally. It is therefore concluded 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 (2011) is used in JOBS FC. 

 

 To estimate the possible cost reductions for PAFC units due to learning-by-doing over 

the 2011ï2014 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 from 2011ï2014. This value is 

based on the assumption that all 35 PAFC 400 kW units were completed in 2010 and that the 

ratio of the annual production during the 2011ï2014 period to the 2010 production rate of 14 

MW was the same as the ration for the MCFC production ð i.e., 2.7. 

 

 To determine the Learning effects in year t, JOBS FC uses the ratio of cumulative MW 

manufactured in the United States through the end of year t, to the cumulative MW 

manufactured in the United States at the end of 2010 raised to the learning exponent (-0.152). 

 

PAFC Learning effects in year t =  

[(Cumulative MW in the US through the end of year t)/(68 MW)]
-.152

 

 

 So as not to limit userôs ability to analyze national markets or case studies involving 

smaller regions, for a PAFC scenario JOBS FC also assumes a minimum of 38 MW are 

manufactured in the United States each year from 2015ï2020. This means that ð regardless of 

region selection ð if the total MW manufactured in year 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 MW per year to calculate Learning effects. If the total MW manufactured in year t is 

greater than 38 MW, then the user-specified values will be used. 

 

 Table A3 provides the Learning-by-doing parameters for Prime Power Applications. 

 

 

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

 

 

Value  

Parameter 

 

MCFC PAFC Source 

    

Progress Ratio 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 

126 MW 68 MW FuelCell Energy (2012a, 2012b): 

Argonne-RCF assumption based on 

Montany (2011) 

Average MW Manufactured Annually 

in the US (2011-2014) 

60 MW/year 38 MW/Year Argonne-RCF Assumption 

Minimum MW Manufactured Annually 

in the US (2015-2020) 

60 MW/year 38 MW/year Argonne-RCF Assumption 
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A.1.2.5  Scale Effects 

 

 

A.1.2.5.1  Scale Exponent 

 

 Scale effects are 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 elasticity of -0.20 where the scale 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 distributed among manufacturing 

firms and the Scale effects will cease at 5,000 units per firm. The Scale effects exponent of -0.2 is 

used for all applications in JOBS FC. 

 

 

A.1.2.5.2  Forklift Applications 

 

 JOBS FC assumes that a minimum of 3,000 5 kW equivalent forklift  fuel cell units are 

manufactured in the United States for the years of the toolôs time frame (2015-2020). JOBS FC 

also uses Wheeler and Ulshôs (2012) assumption of three firms and evenly distributed 

production. As a result, JOBS FC assumes a minimum of 1,000 5 kW equivalent forklift  fuel cell 

units are produced per firm per year over the toolôs time frame. This means that ð regardless of 

region selection ð if the number of forklift fuel cell units manufactured in year t (as specified by 

the user) is less than 3,000 total 5 kW equivalent forklift  fuel cell units in a given year, the tool 

will use 1,000 units per firm per year to calculate Scale effects. If the total number of units 

manufactured in year t is greater than 3,000 units (1,000 units per firm), but less than 15,000 

units (5000 units per firm), then the user-specified value will be divided by three to calculate 

Scale effects. If the total number of units manufactured in year t is greater than 15,000 units, then 

the Scale effects associated with 5,000 units per firm is used. 

 

 The Scale Effects in year t is thus represented by conditional expressions as follows: 

 

If, Annual 5 kW equivalent forklift fuel cell units manufactured in the US in year t <= 3,000, then 

[(3,000 units/3 firms)/2,000 units per firm)]
-0.20

 

 

If, 15,000 > Annual 5 kW equivalent forklift fuel cell units manufactured 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)]
-0.20

 

 

Otherwise, [(15,000 units/3 firms)/2,000 units per firm)]
-0.20 

 

 Where 2,000 is the number of units per firm associated with the Base 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 assumes that a minimum of 3,000 5 kW unit equivalent backup power units are 

manufactured in the United States for the years of the toolôs time frame (2015ï2020). JOBS FC 

also uses Wheeler and Ulshôs (2012) assumption of four firms and evenly distributed production. 

As a result, JOBS FC assumes a minimum of 750 units are produced per firm per year over the 

toolôs time frame. This means that ð regardless of region selection ð if the number of 5 kW 

equivalent units manufactured in year t (as specified by the user) is less than 3,000 units in a 

given year, the tool will use 750 units per firm per year to calculate Scale effects. If the total 

number of 5 kW equivalent units manufactured in year t is greater than 3,000 units (750 units per 

firm), but less than 20,000 units (5,000 units per firm), then the user-specified value will be 

divided by four to calculate Scale effects. If the total number of 5 kW equivalent units 

manufactured in year t is greater than 20,000 units (5,000 units per firm), then the Scale effects 

associated with 5,000 units per firm is used. 

 

 As a result, the following formulas represent the Scale effects for Backup Power Fuel 

Cells: 

 

Scale effects in year t = 

 

If, annual 5 kW equivalent backup power fuel cell units manufactured in the US in year t <= 

3,000,  then [(3,000 units/4 firms)/2,000 units per firm)]
-0.20

 

 

If, 20,000 > annual 5 kW equivalent backup power fuel cell units manufactured in the US in year 

t > 3,000,  then [(annual 5 kW equivalent backup power fuel cell units manufactured in the US in 

year t/4 firms)/(2,000 units per firm)]
-0.20

 

 

Otherwise, [(20,000 units/4 firms)/2,000 units per firm)]
-0.20 

 

 Table A4 summarizes the assumptions and values used for the scale effect portion of the 

manufacturing cost function. 

 

 

TABLE  A4  Scale Effect Assumptions for Backup Power Fuel Cell Unit Manufacturing * 

 

Parameter Value Source 

   

Scale Elasticity -0.20 Greene et al. (2011) 

Units Manufactured per Firm Annually for Base 

manufacturing cost 

2,000 (units/firm/year) Battelle (2011) 

Number of Firms 4 Wheeler and Ulsh (2012) 

Minimum Units Manufactured Annually per Firm 

(2015ï2020) 

750 (units/firm/year) Argonne-RCF Assumption 

Full Scale Annual Manufacturing Level 5,000 (units/firm/year) Greene et al. (2011) 

* All units are in 5 kW unit equivalents 

  



53 

A.1.2.5.4  Prime Power Applications 

 

 Similar to forklift and backup power applications, the scale effect for prime power 

applications uses a scale elasticity of -0.20 where the scale elasticity measures the percent 

reduction in cost for each 1% increase in annual production volume. It is also assumed that there 

is only one firm for Prime Power manufacturing and that the scale effect will cease at 200 MW 

per year. 

 

 JOBS FC assumes a minimum of 60 MW are manufactured in the United States for each 

year of the toolôs time frame (2015ï2020). Therefore ð regardless of region selection ð if the 

total MW manufactured in year t (as determined by fuel cell unit size and 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 manufactured in year t is greater than 60 MW, but less 

than 200 MW, then the user-specified values will be used. If the total MW manufactured in year 

t is greater than 200 MW, then the scale effect associated with 200 MW is used. 

 

Scale effects in year t for MCFC= 

If, MW manufactured in year t < 60 MW,  then (60 MW/22 MW)
-0.20

 

If, 200 MW > MW manufactured in year t >=60 MW,  then (MW manufactured in year 

t/22 MW)
-0.20

 

Otherwise, (200 MW/22 MW)
-0.20

 

 

 Where 22 MW is the assumed 2010 MCFC manufacturing level and the exponent is the 

scale elasticity assumed by Greene et al. (2011). 

 

 For PAFCs it is also assumed that there is one manufacturing firm and that the scaling 

effect will cease at 80 MW (200 units at 400 kW each). This assumption is based on information 

in Schoots et al. (2010), Greene and Duleep (2008), and conversations with manufacturers. 

 

 JOBS FC assumes a minimum of 38 MW of annual PAFC production capacity is 

manufactured in the United States during the toolôs time frame (2015ï2020). Thus ð regardless 

of region selection ð if the total PAFC production in year 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 MW per firm per year to calculate scale effects. If the total MW manufactured in year t is 

greater than 38 MW, but less than 80 MW, then the user-specified values will be used. If the 

total MW manufactured in year t is greater than 80 MW, then the scale effects associated with 80 

MW is used. Therefore the PAFC Scale effects are given by: 

 

PAFC Scale effects in year t = 

If, MW manufactured in year t < 38 MW,  then (38 MW/14 MW)
-0.20

 

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

t/14 MW)
-0.20

 

Otherwise, (80 MW/14 MW)
-0.20

 

 

 Where 14 MW is the assumed 2010 PAFC manufacturing level and the exponent is the 

scale elasticity assumed by Greene et al. (2011). 
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 Table A5 summarizes the scale effect assumptions for Prime Power applications in 

JOBS FC 

 

 

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 

Annually for Base manufacturing 

cost 

22 MW/firm/year 14 MW/firm/year FuelCell Energy (2012b): 

Argonne-RCF assumption 

based on Montany (2011)  

Number of Firms 1 1 Greene et al. (2011) 

Minimum MW Manufactured 

Annually per Firm (2015ï2020) 

60 MW/firm/year  38 MW/firm/year Argonne-RCF Assumption 

Full Scale Annual Manufacturing 

Level 

200 MW/firm/year 80 MW/firm/year Greene et al. (2011) 

 

 

A.1.2.6  Technological Progress Effects 

 

 Greene et al. (2011) define Technological progress effects as the reductions in 

manufacturing cost due to research and development. They assume an annual 2% reduction in 

manufacturing costs due to Technological progress effects. This factor is independent of the 

cumulative fuel cell production. JOBS FC makes this same assumption for the 2011ï2020 time 

frame. The effect of Technological progress effects for all applications in JOBS FC is thus 

expressed as: 

 

(1ï2%)
(year t ï 2010) 

 

 

A.2  FUEL CELL SHIPPING EXPENSES 

 

 Default Shipping Expenses for all applications in JOBS FC are estimated in a similar 

manner. Each default cost is expressed as a percentage of the default retail price in the year 2015. 

As indicated in Table A6, the percentage is different for each application reflecting differences in 

the physical size of the fuel cells and the magnitude of the retail price. This expense is assumed 

to apply for all years of the toolôs time frame (2015ï2020). 
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TABLE A 6  Default Shipping Costs 

Application 

 

Default Shipping Cost as Percentage of Default Retail Price 

  

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 and the remaining 50% of impacts are 

incurred in the region of installation. For 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 impact in the region of installation. Conversely, 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 manufacturing. If 

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 require some installation 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 fueling 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 an on-site fuel storage capability. Prime Power applications 

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 additional major natural gas infrastructure installation expenditures, such 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 hydrogen fueling infrastructure installation expenses are influenced by fuel cell 

unit size, the number of fuel cell units installed in region, the fuel efficiency of the fuel cell, and 

the hours of operation. 

 

 The default number of new forklift fuel cell hydrogen fueling site installations is 

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 hydrogen fueling 

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 year. 

 

 The default expenses for a site installation include site design and engineering 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 external storage tank are assumed to be constant at 

$40,000, $160,000, and $300,000 per site, respectively. 

 

 The default hydrogen fueling infrastructure expense is determined by the amount of 

hydrogen required per day for the average site. Based on discussions with industry 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. For example, a 250 kg/day site would be 

approximately $1.7 million. 

 

 Therefore: 

 

Default H2 fueling infrastructure equip. and installation ($/site) = the larger of $900,000 

or 

($6,700) x (Fuel cell powered units per site) x (H2 consumed per operating hour) x 

(Operating hours per shift) x (Shifts per day)  

 

 The default number of total fuel cells per site is assumed to be 60 with the ratio between 

Class I/II and Class III determined by the ratio of the cumulative regional fuel cell installations 

of each class specified by the user. (Recall that the number of fuel cell units installed = units 

manufactured ï units exported + units imported.) For example if the user has entered an equal 

number of Class I/II and Class III forklifts, then the default number of forklifts per site would be 

30 Class I/II forklift and 30 Class III forklifts. The user can override the 60 units per site default 

by selecting both the number of Class I/II units and Class III units. For example, if the user 

selects 40 Class I/II units and 30 Class III units, the model will proceed with a total of 70 units 

per site. 

 

 A detailed description of variables impacting daily hydrogen consumption (H2 consumed 

per operating hour, operating hours per shift, and shifts per day) is shown in the ñHydrogen and 

Operations Variablesò section below. 

 

 The default number of new hydrogen infrastructure installations is determined by 

dividing the number of yearly regional fuel cell installations by the number of units per site. 

 

 Note that these relationships are designed to work ñbackwardsò also. For example, if the 

user has specified ñ100ò Class I units imported and installed in 2015 and then selects the option 

ñEnter Additional Regional Infr sites by yearò and enters ñ1ò new site installation for 2015, the 

toolôs units/site parameter adjusts to ñ100ò which in turn impacts the hydrogen fueling 

infrastructure expenses. 
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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 equipment 

& installation 

Larger of $900,000 or ($6,700) x (Fuel cell powered units per site) 

x (H2 consumed per operating hour) x (Operating hours per shift) x 

(Shifts per day)  

Infrastructure installation expense $6,700/kg of hydrogen consumed per day 

Class I/II units per site 20 

Class III units per site 40 

Class I/II fuel consumption rate 0.250 kg/hour per unit 

Class III fuel consumption rate 0.023 kg/hour per unit 

Class I/II hours per shift 4 

Class III hours per shift 4 

Class I/II shifts per day 2 

Class III shifts per day 2 

 

 

A.3.2  Backup Power Applications 

 

 The expenses associated with installing a backup power fuel cell system include site 

design and engineering, construction, hydrogen storage equipment, and bridge battery expenses. 

 

 Industry sources suggested that site design, engineering, and construction expenses were 

not necessarily dependent on fuel cell size or site power requirements but were influenced by 

region and site-specific regulations and limitations. JOBS FC assumes average site design and 

engineering expenses 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 is determined by fuel cell unit size, hours of 

required run-time, and hydrogen used per kWh of run-time. The implied amount of stored 

hydrogen is 15.6 kg, based on default values of 5 kW fuel cell unit size, 48 hours of required run-

time, and 0.065 kg per kWh of run-time. 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 connection with 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 $0 for 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 analyzed by the user require 

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

 

 Table A8 below summarizes the assumptions and values used for fuel cell installation 

and hydrogen storage equipment expenses for fuel cells 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 Argonne-RCF Assumption 

Construction ($/installed fuel cell) $10,000 Argonne-RCF Assumption  

Hydrogen storage and fueling equipment  $1,000/kg of stored H2 Argonne-RCF Assumption 

Bridge battery ($/installed fuel cell) $0 Argonne-RCF 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 the estimates 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 equipment is an 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 installation costs 

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 Impacted 

    

Total installation expense 

($/installed fuel cell) 

30% of default retail price in 

2015 

Argonne-RCF 

Assumption 

Site design and engineering, 

construction, heat recovery 

equipment 

Construction ($/installed 

fuel cell) 

50% of total installation 

expense 

Argonne-RCF 

Assumption  
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TABLE  A9  (Cont.) 

 

Variable Default Value Source Other Default Values Impacted 

    

Heat recovery equipment 

($/installed fuel cell) 

30% of total installation 

expense 

Argonne-RCF 

Assumption 

 

External gas cleanup 

equipment ($/installed 

fuel cell) 

$0 Argonne-RCF 

Assumption 

 

 

 

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

 

 

A.4.1  Forklift Applications  

 

 The cost of H2 production is the raw cost to produce a kg of H2. Greene et al. (2011) 

states H2 production costs are around $2.50ï$3 per kg. The default in JOBS FC is $3/kg. 

 

 The price of delivered H2 is the total amount the end-user actually pays per kg of H2. The 

price of delivered H2 includes the production cost of H2. Therefore, price 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 values used in JOBS 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 H2 consumed per operating hour are based upon discussions with 

industry sources. Default kg per kW (fuel cell size) per hour is 0.025 for Class I/II and ~0.012 

for Class III. Default values adjust according to the size of the fuel cell. If using the default fuel 

cell units sizes in JOBS FC (Class I/II: 10 kW; Class: 2 kW), the default H2 consumed per 

operating hour is 0.25 for Class I/II fuel cells and 0.023 for Class III fuel cells. 

 

 Due to some differences within the industry regarding pedal hours, hours per shift, and 

related concepts, JOBS FC defines operating hours as hours in which the fuel cell is consuming 

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. They show that fuel cells at these sites operate between 1 and 3 

shifts per day, 6ï7 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 cell maintenance 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 industry sources and 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 intensity of use 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 for every 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. Thus: 

 

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 re-fueling expenses associated with the amount of fuel that has been used. 

 

 JOBS FC includes default values for both the production cost of hydrogen fuel, and the 

price for delivered hydrogen fuel. The cost of hydrogen production is the raw cost to produce a 

kilogram of hydrogen. Greene et al. (2011) states hydrogen production costs are around $2.50ï

$3 per kg. JOBS FC assumes a default of $3/kg. The price of delivered hydrogen is the total 

amount the end-user actually pays per kg for delivered hydrogen including travel to and from the 

site. Ballard (2011) assumes $30/kg which industry sources confirmed as a reasonable average. 

JOBS FC also assumes a default of $30/kg. The price of delivered hydrogen includes the 

production cost of hydrogen and therefore cannot be less than cost. If the 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 assumes backup power fuel cells 

consume 0.065 kg/kWh. The default initial (stored) hydrogen fuel expense is determined by 

price of delivered hydrogen, fuel cell unit size, hours of required run-time, and hydrogen used 

per kWh of run-time. The implied initial hydrogen fuel expense is approximately $470 for 

default values of $30 per kg of delivered hydrogen, 5 kW fuel cell unit size, 48 hours of required 

run-time, and .065 kg per kWh of run-time. As before, if the user inputs one or more of these 

parameters, the cost actually used in determining economic impacts will be calculated based on 

the input values. 

  

 The default annual hydrogen fuel expense is determined by the price of delivered 

hydrogen, fuel cell average power load, annual backup run-time, and testing run-time. The 

implied annual hydrogen fuel expense is approximately $140 assuming default values of $30 per 

kg of delivered hydrogen, 3 kW average power load, 20 hours of annual backup run-time, 4 

hours of testing run-time, and .065 kg per kWh of run-time. Again, if any non-default 

characteristics are used, the cost used in the model will be recalculated. 

 

 Table A10 below summarizes the assumptions and values used for hydrogen fuel 

expenses for fuel cells for backup power applications. 

 

 

TABLE  A10  Default Assumptions for Initial and Annual Hydrogen Fuel Expenses for 

Backup Power 

 

Variable Default Value Source 

   

Cost of hydrogen Production ($/kg) $3/kg Argonne-RCF Assumption 

Price of delivered hydrogen ($/kg) Cost($/kg) of H2 + $27/kg Argonne-RCF Assumption  

Hydrogen used per kWh of run-time (kg/kWh) 0.065 Argonne-RCF Assumption 

 

 

 Maintenance costs are the annual costs to maintain the fuel cell and related equipment 

only. Industry sources suggested that fuel cells in backup power applications have minimal 

maintenance requirements. JOBS FC defaults are based on the assumption that fuel cells will 

require 1 maintenance trip per year, 4 hours of total travel time per trip, 1 hour of on-site 

maintenance per trip, 1 maintenance person, and $90/hour labor expense for both travel and on-

site maintenance. These assumptions yield a total annual maintenance expense of $450 per unit 

per year. Travel-related and on-site maintenance expenses are assumed to be constant. If the user 

does not wish to use these defaults, (s)he must input dollar values (not hours and hourly rates) for 

travel-related and/or on-site maintenance expenses. 

 

 Table A11 summarizes the assumptions and values used for default maintenance 

expenses for fuel cells in backup power applications. 
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TABLE  A11  Default Assumptions for Backup Power Fuel Cell Maintenance Expenses 

 

Variable Default Value Source 

   

Travel-related (labor and expenses) ($/fuel cell/year) $360 Argonne-RCF Assumption 

On-site maintenance (labor and expenses) ($/fuel cell/year) $90 Argonne-RCF Assumption  

 

 

A.4.4  Prime Power Applications 

 

 

A.4.4.1  Prime Power Fuel Expenses 

 

 The default annual fuel expense per fuel cell is calculated based upon the price of 

delivered natural gas (using the default of $9 per thousand cubic feet to the commercial sector or 

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 determined via the relationship: 

 

Natural gas consumed per year (mcf/year) = 

(scfmFC type) x (fuel cell unit size) x (capacity factor) x 60 x 24 x 365/1000 

 

 Where the scfmFC type represents the fuel efficiency (standard cubic feet per minute per 

kW) is dependent on the fuel cell type. 

 

 The default scfm for MCFCs is based upon FuelCell Energyôs DFC 1500 product sheet 

which states that the 1400 kW unit consumes 181 scfm of natural gas assuming 930 Btu/scf 

(FuelCell Energy, 2010). This yields 0.129 scfm per kW which JOBS FC uses for default 

calculations for MCFC units. 

 

 UTC Powerôs PureCell 400 product sheet states that their 400 kW fuel cell consumes 

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/scf as FuelCell Energy, the scfm is approximately equal to 71.5 

scfm for PAFC units. Dividing this by 400 kW yields 0.179 scfm per kW which JOBS FC uses 

for default calculations for PAFC units. 

 

 The fuel cell efficiency as described above is not a variable in JOBS 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  A12  Default Assumptions for Fuel Expenses 

Variable 

 

Default Value Source Other Default Values Impacted 

    

Price of delivered natural 

gas ($/mcf) 

$9/mcf EIA 2012 Annual fuel expense per fuel cell 

MCFC ï fuel consumption 0.129 scfm per kW FuelCell Energy (2010) Natural gas consumed per year 

PAFC ï fuel consumption 0.179 scfm per kW UTC Power (2011) Natural gas consumed per year 

Natural gas consumed per 

year (mcf/year) 

Calculation  Annual fuel expense per fuel cell 

Annual fuel expense per 

fuel cell ($/fuel cell/year) 

Calculation   

 

 

A.4.3.2  Prime Power Maintenance Expenses  

 

 JOBS FC assumes that the 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 operation in the toolôs 

time frame (2015ï2020). This value is based on a variety of maintenance cost estimates presents 

in Remick and Wheeler (2010), Greene et al. (2011), and McGervey and Stinton (2011). 

 

 

A.5  NET ANALYSIS DEFAULT S 

 

 

A.5.1  General Discussion 

 

 When conducting an economic impact analysis for the entire United States, the user may 

elect to do a Net Analysis. In this analysis, the benefits deferred by not using the fuel cell 

technology are deducted from those benefits incurred from the use of fuel cells. This option is 

available only when using the ñUSA-Nationalò region. This limitation is required in JOBS FC 

due to the limited availability of information on the manufacture of batteries within regions 

smaller than the United States as a whole. Default parameters provided for the ñNet Analysisò 

option for 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 displaced technologies 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 

batteries could 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, but were not exported, as well as 

the fuel cell units which were imported from another country. 
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A.5.2.1  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 

States. Several approaches were used to estimate this percentage. Publically 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 Commission (e.g., BCI 

2009, Cullen 2008), were analyzed. This research yielded an estimate for this value of 62%ï

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 batteries in forklifts manufactured in the United States but installed elsewhere is 

zero. 

 

 

A.5.2.2  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 for Class I/II forklifts of $4,200 and $2,500 for a battery for 

Class III 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 

needed for each forklift is equal, as a default, to the number of shifts per day. 

 

 

A.5.2.3  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 battery. This value 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 case assumes that forklift users with existing battery-powered forklifts 

choose between replacing an expired battery system (one or more batteries) with a new battery 

system or with one hydrogen fuel cell unit. Furthermore, the reference case is a site with an 

existing battery-related infrastructure (including chargers). For this reason, the expenses 

associated with installation and installation-related equipment for the batteries, are assumed to 

have taken place in the past and are sunk costs. The default values for these expenses are 

therefore zero dollars. 

 

 If the scenario under consideration is a new location (i.e., a greenfield site) then the user 

may specify the battery-related installation expenses that would have been spent for battery 

infrastructure at each location. The user must separately input costs for Site design, etc.; 

Infrastructure equipment; and for battery chargers. 
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A.5.2.5  Battery Recharging Expenses 

 

 As it is assumed that the batteries would be recharged electrically, 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 batteries. The default cost of 

electricity is $0.95/kWh while 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 Argonne (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.5.2.6  Maintenance Expenses 

 

 The default assumption for battery maintenance is equal to the maintenance costs for the 

equivalent class of fuel cells (maintenance costs for the non-fuel cell portion of the forklift are 

not considered in JOBS FC). Default costs for the battery charger and the battery infrastructure 

total $900 per year. 

 

 Table A13 presents the default values for the forklift Net Analysis option. 

 

 

TABLE  A13  Default Parameters for Net Analysis of Forklift Applications 

Percent of batteries installed in United States that are 

manufactured in the United States 

65% 

Percent of batteries installed outside the United States that 

are manufactured in the United States 

0% 

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

Retail Price per battery in Class III 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 x (Hydrogen use/hour)kWh 

Annual Battery maintenance cost Assumed equal to fuel cell maintenance cost 

Annual Battery Charger and Infrastructure maintenance cost $900 per forklift 

 

 

A.5.3  Backup Power Applications 

 

 Two alternative backup power technologies are included in JOBS FC; battery backup and 

a diesel generator set (referred to as a genset). If the hours of required backup run-time from on-

site storage is less than or equal to 8 hours, a battery-only system is the default alternative 

technology. If required run-time 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 and switch to the other 

alternative technology or may choose a mixture of both battery-only systems and diesel-genset 

systems by specifying the percentage of sites which would have otherwise used a battery-only 

system (as opposed to gensets). 

 

 JOBS FC only estimates economic impacts in the United States. Therefore, it is necessary 

to identify the portion of the displaced alternative backup power technology that is manufactured 

in the United States. For backup fuel cells installed and operated in the United 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 units which were manufactured in the United States, but were 

not exported, as well as the fuel cell units which were imported from another country. 

 

 Table A14 summarizes the assumptions and values used for displaced battery systems or 

diesel gensets manufactured in the United States. A detailed discussion of how the default 

assumptions were developed follows the table. 

 

 

TABLE  A14  Default Assumptions for Displaced Battery Systems or Diesel Gensets 

Manufactured in the United States 

Variable 

 

Default 

Value Source 

   

Percentage of Batteries for backup power installed in the United States 

manufactured in the United States 

65% Argonne-RCF Assumption 

Percentage of Batteries for backup power installed outside the United 

States manufactured in the United States 

0% Argonne-RCF Assumption  

Percentage of Gensets for backup power installed in the United States 

manufactured in the United States 

42% Supplier Relations (2012a) 

Percentage of Gensets for backup power installed outside the United 

States manufactured in the United States 

0% Argonne-RCF Assumption 

 

 

 For battery systems, several approaches were used to estimate the percentage of batteries 

used in the United States which are manufactured in the United States. Argonne-RCF 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 (e.g., BCI 2009, Cullen 2008). This research 

yielded an estimate for this value of 62%ï72%. There were however, some indications that this 

percentage may be falling (i.e., a higher percentage of batteries are being imported). 

Additionally, Supplier Relations (2012b) estimate that in 2010 there was $6.4 billion in total 

domestic demand for the storage battery industry. They also estimate domestic revenue of 

$5.3 billion of which $1.8 billion 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 are not to the backup power battery industry, they may 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 

States 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 industry in which it was estimated that in 2010 there 

was $13.1 billion 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 billion (42%) of the total domestic demand was supplied by 

domestic sources. As a default value, JOBS FC uses 42% as the 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 exported from 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 installed in non-US 

countries but are manufactured in the United States becomes important. This specific 

information was unavailable at time of release so JOBS FC contains a 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 maintenance. Table 15, summarizing the default values is provided below. 

 

 

A.5.4.1  Retail price 

 

 Retail price includes the total out-of-pocket expense incurred by the end-user to obtain a 

battery system (not including shipping or installation). Mahadevan et al. (2007) assume 

$0.17/kWh. This value is used as the JOBS FC default. The number of kWh is determined by the 

hours of required run-time and the fuel cell average power load, as opposed to the fuel cell size 

which may be chosen with other factors in mind. The retail price is multiplied by the number 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 assumed 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. 
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A.5.4.3  Installation  

 

 For the net analysis, the reference case assumes the displaced alternative technology(ies) 

had previously been in place. For this reason, the expenses associated with installation and 

installation-related equipment for the battery system are assumed to have taken place in the past 

and are sunk costs. The default value for installation of batteries is therefore zero dollars. If the 

scenario under consideration is a new location (i.e., a greenfield site) then the user must specify 

battery system installation expenses that would have been spent for the location or locations 

under consideration. 

 

 

A.5.4.4  Electricity 

 

 The amount of electricity required to recharge batteries is dependent on the average 

power load as well as discharge and charging efficiencies. Industry sources indicated that the 

combined efficiency factor for battery systems for backup power is approximately 70ï75%. 

JOBS FC assumes 72%. Thus the electricity required from the electrical grid is: 

 

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

 

 The annual grid electricity required is based on the assumption that no testing run-time is 

required. The total electricity expense per year is determined by the grid electricity required and 

the price of delivered electricity. The user may input the price of electricity ($/kWh) 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 are those required to maintain the battery system and related 

equipment only. For a 24-hour annual run-time scenario, Mahadevan et al. (2007) assume four 

maintenance trips per year, two hours of on-site maintenance, six hours of travel time per trip, 

and two maintenance personnel. Industry sources suggested that battery systems require 

occasional trips to check on the batteries but on-site maintenance is minimal. JOBS FC assumes 

that battery systems require four maintenance trips per year, four hours of travel time per trip, 

one-half hour of on-site maintenance per trip, one maintenance person, and $90/hour expense. 

These assumptions yield a total annual maintenance expense of $1,620 per battery system per 

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 and on-site expenses. 

 

 Table A15 summarizes the assumptions and values used for battery systems for backup 

power applications. 
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TABLE  A15  Default Assumptions for Battery Systems for Backup Power  

 

Variable Default Value Source 

   

Total retail price (value) of battery(ies) ($/battery system) $0.17/w-h Mahadevan et al. (2007) 

Total shipping expense for battery system ($/batt. sys.) 5% of retail price Argonne-RCF Assumption 

Site design, engineering, permitting ($/battery system) $0  Argonne-RCF Assumption 

Construction ($/battery system) $0  Argonne-RCF Assumption 

Other installation equipment ($/battery system) $0  Argonne-RCF Assumption 

Cost of electricity ($/kWh) $0.095 Argonne-RCF Assumption 

Travel (labor and expenses) ($/battery system/year) $1,440  Argonne-RCF Assumption 

On-site maintenance (labor and expenses) ($/battery 

system/year) 

$180  Argonne-RCF Assumption 

 

 

A.5.5  Diesel Gensets 

 

 This section presents detailed information related to diesel gensets for backup power. 

 

 

A.5.5.1  Retail price 

 

 Retail price includes the out-of-pocket expense incurred by the end user to obtain a diesel 

genset system (not including shipping or installation). Greene 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 retail price 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 

operate an air conditioner. JOBS FC does not explicitly assume a genset size. Instead, the default 

retail price of a diesel genset is $12,500 if the fuel cell unit size is less than or equal to 10 kW 

and $20,000 if the fuel cell unit size is greater than 10 kW.  

 

 

A.5.5.2  Shipping  

 

 The default shipping expense for a diesel genset is assumed 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 technology chosen 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 genset. If the fuel cell installation(s) being examined requires a bridge battery, the user 

may specify a non-zero cost. 

 

 

A.5.5.4  Installation 

 

 The reference case net analysis assumes that the displaced alternative technology(ies) had 

previously been used for backup power. For this reason, the expenses associated with installation 

and installation-related equipment for the diesel genset system are assumed to have taken place 

in the past and are sunk costs. Therefore, the default values for the installation of a diesel genset 

are $0. If 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 consumption for gensets tends to be non-linear and is dependent upon both the size 

of the genset and the power requirement. Depending on these and other factors, the gallons of 

diesel used per kWh of power generation can range from less than 0.1 gal/kWh to more than 0.15 

gal/kWh (Diesel Service and Supply, 2011). As a simplifying assumption, JOBS FC assumes 

0.12 gallons of diesel are used per kWh. The annual backup run-time is assumed to apply to 

diesel gensets systems (as well as fuel cells). Industry sources indicated that additional run-time 

related to testing was required for the diesel gensets. JOBS FC assumes a half-hour of testing 

run-time each week for a total of 26 hours of annual run-time for testing. The default initial 

diesel expense is determined by backup power fuel cell unit size, hours of required run-time, 

default gallons of diesel used per kWh, and price of delivered diesel. The default annual diesel 

expense is determined by fuel cell average power load, annual backup run-time, default annual 

testing run-time, default gallons of diesel used per kWh, 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 diesel expenses 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 only. JOBS FC assumes four maintenance trips per year, four hours of travel time per 

trip, three hours of on-site maintenance per trip (average), one maintenance person, and $90/hour 

expense. These values are considered to be representative of industry experience with diesel 

gensets and with expected travel times to backup power locations. As before, the user can input 

dollar values for travel and on-site maintenance if desired. 

 

 Table A16 summarizes the assumptions and values used for diesel gensets for backup 

power applications. 
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TABLE  A16  Default Assumptions for Diesel Genset Systems for Backup Power 

 

Variable Default Value Source 

   

Total retail price for diesel genset ($/genset system) $12,500 or $20,000 

(see text) 

Argonne-RCF Assumption 

Total shipping expense for genset system ($/genset 

system) 

5% of default retail 

price 

Argonne-RCF Assumption 

Bridge battery ($/installed genset system) $0 Argonne-RCF Assumption 

Site design, engineering, permitting ($/genset system) $0  Argonne-RCF Assumption 

Construction ($/genset system) $0  Argonne-RCF Assumption 

Fuel storage and other equipment ($/genset system) $0  Argonne-RCF Assumption 

Cost of diesel production ($/gallon) $3.40 Argonne-RCF Assumption 

Price of delivered diesel ($/gallon) Twice the default 

production cost 

Argonne-RCF Assumption 

Gallons of diesel used per kWh  0.12 gal/kWh Argonne-RCF Assumption 

Travel (labor and expenses) ($/genset system/year) $1,440 Argonne-RCF Assumption 

On-site maintenance (labor and expenses) ($/genset 

system /year) 

$1,080 Argonne-RCF Assumption 

 

 

A.5.6  Prime Power Net Analysis 

 

 When conducting a Net Analysis, the user can specify information regarding the energy 

displaced (natural gas and electricity) by the fuel cells. Default values are shown in Table A17. 

The following paragraphs summarize the bases for these defaults. 

 

 

TABLE  A17  Defaults for Net Analysis of Prime Power Applications  

 

Variable Default Value 

  

Price of delivered electricity $0.095/kWh 

Quantity of displaced grid-based 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 cost 

Available heat energy from fuel cell 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 grid-based electricity (on-site 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 than the total 

electrical energy (expressed as the annual generation per fuel cell) can be input. The default cost 

of this electrical energy is $0.095 per kilowatt-hour. 
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 The prime power fuel cells are assumed to be Combined Heat and Power (CHP) units. As 

such, a percentage of the heat energy generated by the fuel cell displaces heat energy normally 

provided by burning purchased natural gas in a boiler, furnace, 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 PAFC. The 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 alternative heating 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 modules in JOBS FC allow the user to estimate the economic impacts 

associated with the construction of manufacturing facilities. The first, called ñPEM Facility 

Constructionò considers the construction of a new, or expansion of an existing, facility to 

construct the Proton Exchange Membranes for fuel cells used in forklift or backup power 

applications. The second, entitled ñPrime Facility Constructionò, examines the construction of a 

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 A18 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 annual capacity of 

500 units.  

 

 

TABLE A18  Sample Default Values for a 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 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, the values in 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 information in Battelle 

(2011). Land costs and closing costs taken together equal $125,000. This cost 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 square foot and an area of approximately 16,100 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 forklifts and is assumed to be independent of capacity. 

Fixed production line equipment consists of equipment for catalyst application, GDL 

manufacturing equipment, and membrane and GDL slit manufacturing equipment. Once again, 

these costs are assumed to be independent of annual production capacity. The only equipment 

costs that are dependent on annual production, and the only non-zero defaults for the case of 

expansion of an existing facility, are the variable production line equipment consisting of 

equipment for MEA production, MEA slits, bipolar plate presses, and 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 override these default costs or the required number of equipment components, if 

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 defaults represent more aggregate costs. 

Table A19 shows default values for a Prime Power Construction Facility with an annual capacity 

of 50 megawatts.  

 

 

TABLE A19  Defaults for Prime Power Manufacturing 

Facility  Construction 50 MW Annual Production 

Capacity 

 

New Facility Item Default Cost 

  

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 annual production capacity so that the default costs 

increase linearly with production capacity. These default values may be overridden if more 

detailed information is available to the user. 
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A.7  SAMPLE  RIMS II INDUST RY SECTORS 

 

 As the overall objective of the JOBS FC model is to estimate economic impacts and 

resultant jobs from the use of fuel-cell powered applications, it is important to allocate the 

various costs associated with the manufacture and use of these fuel cells to the most appropriate 

industrial and commercial sectors available as defined by the North American Industry 

Classification System (NAICS) and the associated aggregated sectors of the economy used in the 

RIMS II model. Proper allocation of these monies will allow the JOBS FC model to estimate the 

ripple effects through the economy. However, often, there is not a direct match between an 

expenditure category and a RIMS sector. In these cases, a sector that most closely represents the 

expenditure is used to calculate economic impacts. A complete list of the sectors available in 

RIMS is beyond the scope of the current report. Selected examples for forklift applications are 

shown in Table A20. 

 

 

TABLE  A20  Examples of RIMS II Sector Selected for Forklift Fuel Cell-related Expenses 

Line item 

 

RIMS II 

Sector RIMS II Description 

   

Fuel cell shipping expense ($/FC unit) 484000 Truck transportation 

Site design and engineering ($/installed fuel cell) 541300 Architectural, engineering, and related services 

Construction ($/installed fuel cell) 230000 Construction 

Hydrogen storage and fueling equipment 

($/installed fuel cell) 

332420 Metal tank (heavy gauge) manufacturing  

Cost of Hydrogen Production ($/kg) 325120 Industrial gas manufacturing 

Hydrogen delivery cost ($/kg) 484000 Truck transportation  

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

equipment repair and maintenance 

Hydrogen fueling infrastructure maintenance 

($/site/year) 

811300 Commercial and industrial machinery and 

equipment repair and maintenance 

 

 



 

 

 


