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JOBS FC models input-output effects of FC deployment
(JOBS and economic impacts of Fuel Cells)

JOBS FC is a user-friendly spreadsheet-

based tool that calculates direct, indirect $
and induced job creation, wages and sales

resulting from FC production, installation,

operation and fueling. Raw Materials

Manufacturing

JOBS FC uses Regional Input-Output
Modeling System (RIMS II) multipliers to

capture effect of expenditures on
earnings, output and employment.

Distribution

JOBS FC models jobs created by 3 Consumer
technologies, 3 applications, multiple FC
capacities (defaults or user input).

Integration

Jobs are created at each stage in FC production, fuel infrastructure, O&M and fuel
supply chains (direct + indirect) plus from re-spending dollars in economy (induced)



JOBS FC models expenditure flows thru the supply chain
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JOBS FC models expenditures for different geographies

Jobs occur where expenditures occur.
Domestic manufacturing, installation & use create the
most jobs, but imports and exports also create jobs.
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JOBS FC uses RIMS I
multipliers for 60
different geographies to
account for geographic
variation.

Jobs are created from
imported FCs installed
and operated inside
region (no manufacturing
facility construction & FC
production impacts
occur).

Jobs are created from
exported FCs installed &
operated outside region
(no installation, O&M of
FCs and fuel
infrastructure & fuel
purchase impacts occur).
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JOBS FC permits user to define scope of analysis
& scenarios (with/without default assumptions)

Scope of Analysis
Select Forklifts Prime Power
Default Backup Gross or net effects
Parameter| Class I/Il | Class Il | po\yer PAFC MCFC Net excludes jobs displaced by FCs
(unless FCs displace imports).
Capacity
(kW) 10 2 > 400 1400 Total net effects (shown by line
_ overlaid on results charts in demo)
Fuel price $8.50/kg $30/kg $9/mcf (NG) are sum of positive and negative
(2010 $) )
values (on stacked bar charts in
Operation 2496 hrs/yr 24 hrs/yr | 90% CF | 90% CF demo).
Metric = “job year” = one year of
Fuel use 0.25 kg 0.023 kg | 0.065kg | 0.179 cfm | 0.13 cfm work for one person (e_g_’ 5 jOb years
H,/op-hr | H,/op-hr | Hy/op-hr | NG/kW | NG/kW can be 5 years of work by 1 person, 1
Displaced year of work by 5 persons or any
42%, 65% - erson year product equal to 5)
technology . Assume only electricity P year p q -
f 65 % of batteries (gensets, .
manufact’d. . & heat (NG) displaced
in US batteries) —

@W\» = Net Job-Years

Gross job-years Job-years displaced



How might JOBS FC be used?

US Government

Wants to know gross domestic

employment impact from
constructing and operating a
new backup power FC
manufacturing facility to be
built by end of 2014.

While forecasts indicate the

2020 FC market could absorb

12,000 units/year from the

new facility, initial capacity will

be 20,000 per year.

Production forecast is 2,000
units in 2015, growing to
12,000 in 2020.

50% of production will be
exported.

Example shown in demo

New City Development Corp.

Wants to know regional
gross employment impact
from deploying phosphoric
acid (PAFC) fuel cells.

5 new 400 kW PAFC units
will be installed in Census
Region 8-Mountain each
year from 2015 to 2020.

Results show economic
impact from installation and
operation; manufacturing
occurs outside the user-
specified region.

Example shown in demo

Warehouses R US Corp.

Wants to compare net
economic impact from
powering their Class I/l
forklifts with PEM fuel cells
manufactured in the US
instead of batteries (many of
which are produced abroad).

Could convert their existing
fleet of forklifts to fuel cell
power in 10 years, replacing
batteries (and battery
infrastructure) with fuel cells
(and fueling infrastructure).

Assumptions operations and
location of manufactured
units greatly impact the net
analysis.



JOBS FC 1.1 Demo
(Screen shots of examples shown)



** * BACKUP POWER FUEL CELLS (PEM) INPUTS * * *

RESET - CLEAR ALL USER-SPECIFIED VALUES ‘

REQUIRED USER INPUT FIELDS

Step 1 - Choose Region and Analysis Type

USA-National
Gross Gross analysis available for all regions. Net analysis available only for national analysis.

Step 2 - Backup Power Fuel Cell Size and Usage Requirements

Enter Fuel Cell Size and Usage Requirements __— Yalus used i mode]
Backup power fuel cell unit size (average kW/unit) Please enter a value between 0.5 K and 15 kW

Average power load during operation (average kW) 3 Please enter a value less than th¢ the| el cell unit size. 3
Houts of required run-time from on-site storage (hours) 48 Dete nines defal¢ installation costs i d amount of stored H2 48
Annual backup run-time (total hours/year) 20 Backt  run’ ime inc des all outage-r¢ ted usage in one year. 20
Annual testing run-time (total houts/year) 4 1 ating un e includes all periodic testing-related usage. 4

\WNatisna Step 3a is available only for national analysis)

Estimated maximum potential annual national backup power market for telecommunications applications -
TWUMBER of backup power fuel cell units 15,000-20,000 units/year (5 kW unit equivalents). Please see Market Forecasts sheet for estimated US
manufactured in region Backup power shipments for telecommunications applications.

For fuel cells entered in 3¢, select...NUMBER of backu.
power fuel cell units manufactured in region or
PERCENTAGE of annual backup power shipments.

For fuel cells entered in 3¢, select . . . NUMBER of fuel cell
units exported out of region ot PERCENTAGE of fuel cell

Exports are units manufactured in the USA but installed in a region outside of the USA. Imports are units
PERCENTAGE of fuel cell units manufactured in |manufactured outside the USA but installed in the USA. Installed units = Manufactured units - Exported

. . . . region exported out of region units + Imported Units (see Results sheets).
units manufactured in region exported out of region.
Step 3c - Enter Backup Power Fuel Cells Exported out of region  Imported into Exported out ofregion ~ Imported into
Year ( % of manufacturing) region (units only) (units) region (units)
Backup Power _ User-specified value User-specified value Units used in model calculations
2015 2,000 50% 2,000 1,000 -
2016 4,000 50% 4,000 2,000 -
5 kW Fuel Cells 2017 6,000 50% 6,000 3,000 :
0, -
Manufactured, Imported, and ;gig 1§’888 ?8;0 13,383 :’ggg
Exported for USA-National : > : : .
2020 12,000 50% 12,000 6,000 -



Retail Price and Manfuacturing Cost Units Manufactured in Region
Backup Power Fuel Cell Scenario Backup Power Fuel Cell Scenario
JOBS FC 1.1 JOBS FC 1.1
$10,000 45,000

$9,000 ~ 40,000 /

$8,000 \ o /

$7,000 \\ 30,000 /

$6,000 /

$/Unit \ \ B aCkup Power 25,000
$5000 Fuel Cell /

(2010$) \ Ul'litS 20,000

$4,000 /

\ 15000

$3,000
$2,000 10,0 /
$1,000 5,000

$0

2015 2017 2019 2015 2016 2017 2018 2019 2020
——BuP FC Retail Price|  $9,075 $6,975 $5,550 5 nnual Units Mfg. | 2,000 4,000 6,000 8,000 10,000 12,000
———BuP FC Mfg. Cost |  $6,050 ‘ BuP Cum. Units Mfg, 2,000 6,000 12,000 20,000 30,000 42000

Units Instal
Backup Powe
25,000
20,000 /
15,000
Backup Power
Fuel Cell
Units
10,000
5,000
) 2015 2016 2017 2018 2019 2020
= BuP Annual Units Installed 1,000 2,000 3,000 4,000 5,000 6,000
BuP Cum. Units in Operation| 1,000 3,000 6,000 10000 | 15000 | 21,000

e——




Employment Impacts (2015-2020)
Backup Power Fuel Cell Scenario

JOBSFC11

7,000

6,000

Gross Backup 5,000

Power Fuel Cell-
related 4,000
Employment (Job-

years) 3,000

2,000

1,000

= Gross BuP Fuel Cell Supply Chain

C— Gross BuP Fuel Cell Induced

I Gross BuP FC Installation Supply Chain
— Gross BuP FC Installation Induced
I Gross BuP FC Fuel Supply Chain

== Gross BuP FC Fuel Induced

[ Gross BuP FC Maintenance Supply Chain 4 13 27 44 66 923
3 Gross BuP FC Maintenance Induced 3 10 20 33 49 69
=t Gross BuP FC-related Total 1,091 2,113 3,046 3,959 4,837 5,725




*** PRIME POWER FUEL CELLS INPUTS * * *

RESET - CLEAR ALL USER-SPECIFIED VALUES ‘

REQUIRED USER INPUT FIELDS

Step 1 - Choose Region and Fuel Cell Type

Census Division 8-Mountain

Step 1b - Gross or Net Analysis

Gross Gross analysis available for all regions. Net analysis available only for national analysis.

PAFC MCFC=Molten carbonate fuel cell; PAFC = Phosphoric acid fuel cell

Step 2 - Fuel Cell Unit Size and Operations Variables (entries should be made on a per fuel cell unit basis) _
Step 2a - Enter Fuel Cell Unit Size | User-specified valse | Defaule [ gres T Value used in model

Fuel cell unit size (kW/unit) 400 Please e =t a/ alue be reen 100 kY and 3090 kW. 400
Step 2b - Select Operations Input Option [ Use default operations vatiables Mus sele  op on fror” drop-down menu if enteting capacity factor ot annual kWh.

Capacity factor (kWh generated/potential k\Wh) '0.C 9 Aver' e ai ual kwu generated divided by potential annual kWh. 90.0%
Annual kWh generated pet fuel cell (kWh/yeat) 3,150 76 3,155,760

Step 3 - PAFC Units Manufactured, Exporte '_m cGfo

Ifonly analyzing installations, please skip to Step 3b . 'd ent= w..ber ofinstalled fuel cell units in the Imported section (column G). Then proceed to Step 6.

Step 3a - Select Exports Value Type ~ Selection will impact entries in Step 3b

For fuel cells entered in 3b, select . . . NUMBER of fuel cell
units exported out of region ot PERCENTAGE of fuel cell <Please select>
units manufactured in region exported out of region.

Step 3b - Enter Regional PAFC units Imported into region Imported into region
(units) (units)

s Division 8-Mountain

Exports ate units manufactured in Census Division 8-Mountain, but installed in another region ot countty.
Imported units are manufactured outside Census Division 8-Mountain, but installed in Census Division 8-
Mountain. Installed units = Manufactured units - Exported units + Impotted Units (see Results sheets).

Year

PAFC User-specified value Units used in model calculations
2015 5 - - 5
: 2016 5 - - 5
400 kW Fuel Cell Units T : ) ) 5
Manufactured, Imported, and 2018 5 - - 5
Exported for Census Division 8- 2019 5 - - 5
Mountain 2020 5 - - 5



Units Installed in Region

Prime Power Fuel Cell Scenario

JOBS FC1.1
35
30
25
Units Installed 20 2
in Region (400
kW PAFC 15
units)
10
i 2015 2016 2017 2018 2019 2020
N Annual Units Installed (PAFC) 5 5 5 5 5 5
Cum. Units in Operation (PAFC) 5 10 15 20 25 30




Gross Employment Impacts (2015-2020)

Prime Power Fuel Cell Scenario

160

Gross PAFC-related
Employment (Job-

years)

JOBS FC 1.1

B Gross PAFC Unit Supply Chain

— Gross PAFC Unit Induced

I Gross PAFC Installation Supply Chain 17 17 17 17 17 17
— Gross PAFC Installation Induced 9 9 9 9 9 9

B Gross PAFC Fuel Supply Chain 8 16 24 32 40 48
— Gross PAFC Fuel Induced 6 11 17 23 28 34
@ Gross PAFC Maintenance Supply Chain 4 9 13 18 22 27
1 Gross PAFC Maintenance Induced 3 8 10 13 15
=t Gross PAFC-related Total 48 68 89 110 130 151




To Use JOBS FC 1.1

* Register and download JOBS FC 1.1 (Excel 2010 file) and User’s
Guide at http://JOBSFC.es.anl.gov

*  Open model and select application
— Forklift INPUTS
— Backup Power INPUTS
— Prime Power INPUTS
— PEM Facility Construction INPUTS
— Prime Facility Construction INPUTS

* Select geography and scope of analysis

— Gross or net analysis (net available for national geography only)

* Define scenario of interest
— Required User Inputs (kW, number of units produced, imported, exported)
— Optional User Inputs
— Advanced User Inputs

* View results

— Charts
— Tables


http://jobsfc.es.anl.gov/

Stakeholders have been key collaborators for peer review,
data collection/validation & beta testing . . . . IPeer reviewer

Public Agencies:

South Carolina Hydrogen and Fuel Cell Alliance = PUTETP,,OP?BEH,H BALLARD
California Stationary Fuel Cell Consortium e EDHYDROGEN
Connecticut Center for Advanced Technology g power y e ey
Ohio Fuel Cell Coalition
NYSERDA Trade Associations: a FuelCell Energy
Clean Energy States Alliance FCHEA
California Fuel Cell Partnership Fuel Cells 2000 ﬁ!cwlpa-!:ech!‘
Virginia Clean Cities Manufacturers: , N

PlugPower @ Aeacren j
Customers: Researchers:  ReliOn
Sprint-Nextel ORNL Idatech E’M-":'- —Emﬁ
Metro PCS NREL UTC Power S
Whole Foods PNNL Fuel Cell Energy _
Sierra Nevada Battelle Ballard @\ Kiancd Tedneios Inc

)

RCF Economic & Fmnanciar CoNSULTING, INc. Argon I’]eé

NATIONAL LABORATORY


http://www.fuelcells.org/

N
Where do we go from here?

Dec-2012 March-2013 June-2013 Sept-2013 Dec-2013

Add retail JOBSFC1.2

ReleaseplOBSIEC hydrogen fueling update and

1.1 . )
infrastructure documentation

User training, data validation and documentation

Potential future model expansion: -
High temperature PEMFC Deployment -

SOFC Supporting
CHHP Infrastructure -
Transportation APU

Debt or other financing

H2 Production, FC
Manufacturing



o\=

Questions?




Thank you!

mmintz@anl.gov
estewart@rcfecon.com
cmertes@rcfecon.com

This presentation has been created by UChicago Argonne, LLC, Operator of Argonne National Laboratory (“Argonne”) with funding
supplied by the US Department of Energy (USDOE), Office of Energy Efficiency and Renewable Energy. Argonne, a USDOE Office of
Science laboratory, is operated under Contract No. DE-AC02-06CH11357. The U.S. Government retains for itself, and others acting
on its behalf, a paid-up nonexclusive, irrevocable worldwide license in said presentation to reproduce, prepare derivative works,

distribute copies to the public, and perform publicly and display publicly, by or on behalf of the Government. 19
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