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©/ENERGY Goal and Objectives

GOAL: Provide system-level analysis to support infrastructure development and technology
readiness by evaluating technologies and pathways, guiding the selection of RD&D
technology approaches/options, and estimating the potential value of RD&D efforts.

OBJECTIVES

By 2011, enhance the Macro System Model (MSM) to include stationary electrical

generation and infrastructure.
« By 2014, complete environmental studies for technology readiness.

« By 2015, analyze resource requirements, fuel production and infrastructure for

) penetration of fuel cell vehicles.

* Provide milestone-based analysis, including risk analysis, independent reviews,
financial evaluations and environmental analysis, to support Program's needs prior

to technology readiness.

» Update the Well-to-Wheels analysis for technologies and pathways for the Program

to include technological advances or changes.
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Budget

Studies and analyses remain high priority.

FY 2009 Appropriation = $7.7M
FY 2008 Appropriation = $11.5M

® FYO08 Appropriation

$6.1

$3.7

» FY09 Appropriation

Studies & Develop &
Analysis Maintain Models

$1.0 $1.0
-
Support Systems
Functions Integration

EMPHASIS

» Conduct early market analysis.

> Assess synergies of integrating
transportation and stationary

power fuel cells.

» Evaluate barriers to and
solutions for hydrogen

infrastructure development.
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Challenges

Data inconsistency, market complexities and unplanned analysis needs present challenges.

Future Market Behavior

— Understanding of drivers of fuel and vehicle markets
needed for long-term projections.

— Models need to adequately address interactions -
hydrogen/vehicle supply and demand.
Inconsistent Data, Assumptions & Guidelines

— Analysis results depend on data sets and
assumptions used.

— Large number of stakeholders and breadth of
technologies - difficult to establish consistency.
Coordination of Analytical Capability

— Analytical capabilities segmented by Program
element, organizationally by DOE office, and by
performers/analysts.

-------------------

The Analysis Repository is a compilation of analyses and analyical models relevant to a5sessing hydrogen fuel and fusl
coll issues. Projects in the repository relate to

® Hydrogen production, delivery, storage, fuel cells, and ydrogen vehicks technology
» Hydrogen production feedstock cost and availabihty

« Electricity produchon, central and distnbuted

= Energy résource stimabon and fomcasting

The US. Department of Energy created this repository to help analysts, policy makers, busingsses, govemment
agencies, and oihers quickly and easily locate information on hydrogen analyses.

Finding Information

This database is structured much ke a brary catalog. Each Dm.ect entry com.ems rrrnrmauon on the |:l|ru:|Dal
Imvestigatar, sponsor, and
1S heoded. In Some ca565, More projct delails are includad, such as repons, um 1w momcls and om« rolasod data

You con find projects using different upgxoaxms The left-hand navigati oﬂ aBows for browsing bv ol mor analysis of
modeling progects. You can also browse by title. ncipal date. The
Search box at the nght hand top alovrs for searches by keyword

Submitting Your Project
To submit information on your lydrogen analysis project or model, please contact Melissa Lol

Understanding Analysis and Model Categories
For easy location of projects by general subject anea, analyses and madels ane grouped into Seven categones

« Cross-cutting: Analysis of infrastructure elements needed 10 SUPROM @ ydrogen economy, incuding water, and
fusl quakty

= Energy : Macro.gystem g as well as analysis and modaling of non-hydrogen energy
infrastructures

- Analysis of affects of L Infrastructure. and fusl cells

= Hydrogen fuel pathways: Resource analysis, producton and delivery pathway analysis, transibion modeding
specific to hydrogen fuel pathways, cost analysis and modeling relevant to hydrogen fuel, and lessons leamed
from other fuels specific b gen infrastnecture

* Macro-sconomic: Analysis and modeling of Macro-econamic systems

* Vehicle options: Vehicle systems analysis, vehicle penetration analysis, modelng, and forecastng, market and
consumer anahsis fof transiton and lond-term. lessons keamed from other alternative fusl vehicles. comoetitive

For details, see --
http://www.hydrogen.energy.gov/systems_analysis.html
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Analysis Strategy and Domains

ﬁe(:hnOIon AnaIySiS @ SYSTEMS ANALYSIS >
- Pathway & Component Costs ﬁmplementation &
® Hydrogen Quallty ImpaCt . P?C;i?:rr:l?ﬁ;ﬂ;iif;:asrﬁargets and goals ImpaCt AnaIySis
» WTW Energy & GHG | chermemerrrmmrmren - Infrastructure &
Emissions " Prharan benette Tor program-felated product Resource Analysis
* Vehicle TeChnOIOQY . P?issrigducii:i\;;ﬁs::ﬁzyanalysis * Consumer Choice
« Platinum recycling impact on fuel cell cost * Vehicle Penetration
« H2A Production * ENVIRONMENTAL ANALYSIS
= Atmospheric impacts of Hg
° H2A De"very = YTV znalysis DprHG emissions | \ ° DTI HyPRO
- Palicy analysis « EEA
* PSAT . CO, ANALYSIS
. GREET - Fuel, infrastricture and vehicle subsidy « HyDS
evaluation
. MSM « EARLY MARKETS ANALYSIS l/ * NREL Infrastructure
L ) D) ommagmeaecs - HyDRA
p— * RCF Agent-based
* TIAX Hydrogen

\ Logistics Model /

~

/ NS
Market/Benefits & Policy Analysis

« National Economic Impacts * HyTrans
Policv Opti * NEMS
ey EpTons - MARKAL
« System Dynamics . HyDive
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ENERGY Systems Analysis Progress

Model & Tool Development Focused Analysis and Results Focused
2009
» Stationary FC analysis
» PHEV analysis
2007 C e
. » Early markets analysis initiated
v WTW analysis completed : . .
. » Environmental impact analysis
2005 v" Macro-System Model test version > H lit vsi
v Established process for completed and validated . WZTC"’:;a v an? yste FC
developing hydrogen cost target v Cross-cut team established on stationary FCs
v Revised hydrogen cost target to v Scenario Analysis for Transition e :mpact:t of Hggrogen AL
$2.00- 3.00/gge completed SEOE s
v Identified analytical gaps and v Resource and infrastructure a "fesst" ns t'eamed study on
“missing pieces” analysis started Infrastructure
2004 2005 2006 2007 2008 2009
1 1 1
2004 2006 2008
v Systems analysis v" Hydrogen Analysis Resource v Preliminary water analysis completed
function established Center issued v" Macro-System Model completed and issued
v WTW analysis process v" H2A Production Model revised and issued
established . .
v~ CO, policy analysis completed
v" H2A Production Model issued .
v Early market analysis
v Systems Analysis Plan issued . . .
v" Hydrogen quality analysis of impact on
v HyDS model completed production and fuel cell completed
v Pt recycling cost analysis completed




What's New?

Early market analysis
H2A stationary model

Integration of transportation and stationary applications

Sensitivity analysis of CO, emission reduction to Program targets

Effects of transition to hydrogen on employment
Infrastructure Development Analysis

7
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» Technology development is a continuous path with different entry

points.

* Analysis effort on early market hydrogen/fuel cell applications helps
understand related issues and ways to support early market entry.




{0} ENERGY Fuel Cell Industry

The fuel cell industry has seen an average annual growth of 100% over the past four years
worldwide. More than 12,000 new. units were shipped in 2007.

Cumulative Shipments Worldwide Development in North America
60000 4000
3500
50000
3000
40000
2500
30000 2000
20000 1500
1000
10000
] 0 T T T
2007
|.5mlm ETransport B Pmahle| @ Fuel Cell Tﬂ'da}' |lSmaII Stationary WPortable B Transport O Large Stationary| @ Fuel Call Today
Approximately ~2,400 jobs created through units Approximately 200 jobs created through units
developed worldwide from 2007 to 2008." developed in North America from 2007 to 2008.*

* Assuming $20,000/unit and 6 jobs/$1M.
Source: Fuel Cell Today 2008. 9
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2009 Progress & Accomplishments
Government Acquisition Analysis

A government acquisition program could significantly reduce the cost of fuel cells through
economies of scale, and help to support a growing supplier base.

OBJECTIVES

Enable federal
agencies to implement
fuel cell technologies.

Increase sales &
manufacturing volumes
of fuel cells to achieve
economies of scale.

Support development of
national infrastructure
and domestic supplier
base.

Improve user
confidence in fuel cell
reliability.

Estimated Impact of Government Acquisitions on Fuel Cell
Stack Costs (for non-automotive fuel cells)

$4,000 4000
Baseline

$3,500 ./ — 3500
@ § $3,000 1 @Lg Acquisition Program 3000
Q=
Sv $2,500 - 2500
fs ® Low N\ -SeytAcquisitions
=0 olume :
§'§ $2,000 Cost \ 2000
2§ $1,500 N | - 1500

5 ™~
S8 $1,000 T | 1000
5 :
©L  $500 Econ mii'rs of|| | 500
O lSche gc ieved
$0 T I I T 1 T | |i i|i I l|I I I O
2005 2010 2015 2020

Government Acquisitions
(Units per year)

Recent increase in fuel cell investment tax credit (to

$3,000/kW) will help accelerate progress.

For details, see -- http://cta.ornl.gov/cta/Publications/Reports/ORNL_TM_2008_183.pdf

10



DEPARTMENT OF 2009 Progress & Accomplishments
ENERGY NAS Resource Needs Study

NAS study, “Transitions to Alternative Transportation Technologies: A Focus on
Hydrogen,” shows positive outlook for hydrogen & fuel cell technologies—results are
similar to ORNL’s “Transition Scenario Analysis.”

Estimated Government Cost to Support a Transition to FCVs

The study was required
by EPACT section 1825 7
and the report was
released in 2008, by the
Committee on
Assessment of
Resource Needs for Fuel
Cell and Hydrogen
Technologies.

[ Hydrogen Supply Capital Cost

[ Incremental Vehicle Cost

Billions of $ per year (in 2005 $)
Iy

Key Findings 2010 2015 2020

* Possibly 2 million FCVs on the road by 2020. Number could grow rapidly
to ~60 million by 2035 and ~200 million by 2050.

* Government cost to support transition to FCVs (for 2008 — 2023) estimated
to be $55 billion—about $3.5 billion/year.

*BY 2050, potential exists to eliminate petroleum use in LDV sector and to
reduce GHG emissions from LDVs to 20% of current levels—by 2050.

For details, see -- http://www.nap.edu/catalog.php?record_id=12222 1



U.S. DEPARTMENT OF 2009 Progress & Accomplishments
ENERGY Socio-Economic Benefits - Employment Growth

Commercialization of hydrogen and fuel cell technologies could lead to
significant job growth.

Differences in Employment between Scenarios, as Percent
of Base-Case Employment, 2050
—— = 0.60%
Effects of a Transition to a
Hydrogen Economy on
Elnpln}'mem in the United States
Report to Congress 0.40% -
- ...’I.... 0.200,{0 | I [
0.00% - : ; : , .
- - - Upper Lower New California Tennessee Houston Nation
* Projected increase in U.S. e e
employment of 360,000 — Mid-Atlantic
. Resi
675,000 jobs ceon
* Job gains would be distributed Study required by EPACT Section 1820(b)
across up to 41 industries http://www.hydrogen.energy.gov/pdfs/epact1820_employment_study.pdf
* Workforce skills would be mainly SCENARIO ASSUMPTIONS
in the vehicle manufacturing and Fuel cell vehicles ramp up to:

a) 100% of LDV sales (96% of stock) in 2050
b) 63% of LDV sales (38% of stock) in 2050

service sectors

* U.S. competitive leadership in a Stationary fuel cells ramp up to:
critical technology sector would a) 10% of incremental electricity demand beyond 2015
be strengthened b) 5% of incremental electricity demand beyond 2015

12
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.9/ ENERGY CO, Reduction and Hydrogen Program Targets

Renewable H, production pathways realizing cost goal of $2 - $3/gge and achieve largest
CO, reduction benefit of Hydrogen program targets.

Sensitivity Analysis of CO, Emission Reduction to Hydrogen Assumptions for Hydrogen
Program Targets — Program at Target
_ CO, + Storage meets $2/kW hr target
| | | | |
ST Hydrogen Program . « Fuel cells meets $30/kW target
Storage N Target Case Red:ftion « Distributed natural gas at $3/gge®
P l 2 e « Hydrogen from coal gasification
$4/kWhr for 450 ppm and biomass gasification based
on H2A model
Fuel T T
Cells | * Only pipeline distribution from
4 [ existing pipelines in LA, Houston,
T]$50kw | Chicago and Gulf Coast up to
| I 2020.
$40/kW |
Prod. « After 2020, pipeline distribution is
: available at $1/gge.
0 I 04 I 02 I 0.3I 04 05 I O.SI O.TI O.BI O.QI 1I 1.1I 1.2 1.3I 1.4I 15 16 ° FCV fuel economy IS 60 ml/gge
CO, Emission Reduction (Gigatons/Yr.)
Legend: PRELIMINARY

* Assuming installation rate of 500 new

|:| Renewable and coal gasification with CO, sequestration forecourt units per year and capacity of
1,500 kg/day.
|:| Biomass gasification with CO, sequestration

13



U.S. DEPARTMENT OF 2009 Progress & Accomplishments
ENERGY Well-to-Wheels Analysis

DOE is pursuing a portfolio of technologies with the potential to significantly reduce
emissions of greenhouse gases from light-duty vehicles.

Well-to-Wheels Greenhouse Gas Emissions
(direct emissions, based on a projected state of the technologies in 2020)

Gasoline | L ............ 540 iv....

Conventional 2%
Natural Gas . asoline

Vehicles Vehicle

Gasoline

Diesel Hyb"d_
Electric
Corn Ethanol — E85 Vehicles

Cellulosic Ethanol — E85
Plug-in Hybrid

Electric Vehicles
(40-mile all-electric range)

Gasoline
Cellulosic Ethanol — E85

H, from Distributed Natural Gas

H, from Coal w/Sequestration Fuel Cell
H, from Biomass Gasification Vehicles
H, from Nuclear High-Temp Electrolysis
H, from Central Wind Electrolysis
160 2(|)0 3(|)0 460

Grams of CO,-equivalent per mile

*Net emissions from these pathways will be lower if these figures are adjusted to include:
+ The displacement of emissions from grid power—generation that wil occur when surplus electricity is co-produced with cellulosic ethanal
+ The displacement of emissions from grid power—generation that may occur if electricity is co-produced with hydrogen in the biomass and
coal pathways, and if surplus wind power is generated in the wind-to-hydrogen pathway
+ Carbon dioxide sequestration in the biomass-to-hydrogen process

For details, see -- http://www.hydrogen.energy.gov/pdfs/9002_well-to-wheels_greenhouse_gas_emissions_petroleum_use.pdf 14
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Well-to-Wheels Analysis

DOE is pursuing a portfolio of technologies with the potential to significantly reduce the
consumption of petroleum by light-duty vehicles.

Well-to-Wheels Petroleum Energy Use
(based on a projected state of the technologies in 2020)

Gasoline 6070 :

= A
Natural Gas COnyentlonal Toda;r’s
Vehicles Gasoline
Gasoline vehicle

Diesel Hybrid
Corn Ethanol — E85 Electric
Vehicles

Cellulosic Ethanol — E85

Plug-in Hybrid
Electric Vehicles
{40-mife ail-efectric range)

Gasoline

Cellulosic Ethanol — E85

H, from Distributed Natural Gas | 30
H, from Coal wiSequestration | 45

1 Fuel Cell

H, from Biomass Gasification I 95 Vehicles
H, from Nuclear High-Temp Electrolysis | 25
H, from Central Wind Electrolysis |15

I I I I I
1000 2000 3000 4000 5000
Btu per mile

For details, see -- http://www.hydrogen.energy.gov/pdfs/9002_well-to-wheels_greenhouse_gas_emissions_petroleum_use.pdf 15
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ENERGY Transportation & Stationary Power Integration

Integrating transportation and stationary power applications of fuel cells to start developing
economies of scale and to jump start transition.

H2A Stationary Model

Overview of the Tri-Generation Concept

Tri-generation of electricity, heat and hydrogen can achieve
market penetration in areas of high electric prices,
moderate natural gas prices and emerging demand for

Electricity

®
Natural Gas
> IlOII’I

hydrogen for transportation fuel. ‘F 'T
| Natural Gas L} |
; or Biogas Tﬂ:ﬁi’:é’:ﬁ“’“ E

S

Optimal Size of Fuel Cell System as Function of
Building Location - Cost of Electricity/Heat/Hydrogen Natural Gas i_ﬂ Hydrogen @

Converted to hydrogen onsite
via steam-methane reforming

$16.,00

&-1/2 STDev
\ Ratio of Electricity to Natural Gas Price for
for Commercial Use by County, 2007

A High School s

'S $12.00
5 \\ wﬂw
— \ , Tow— —& +1.5 STOev
= $10.00 ‘\w +15T0BY
g ‘\:’f *—Supermarket
_.E $8.00 e
E- Large Hotel LW
G $6:00 Hospital = _o_piuston T
7
a $4.00 —#—Los Angeles
Electricity price fixed at national average . 05206
$2.00 commercial price of 8.2 ¢/kWh | B 54- 09
Matural gas price fixed at national average —
commercial rate of $9.79/mmBtu — [ REN
$‘ T T T T T T T T ;
0 200 400 600 800 1000 1200 1400 1600 1800 Opportunities for Tri-generation in California, New
Fuel Cell Maximum AC Output (kW) Mexico, New England and Alaska due to electricity

and natural gas prices.
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Summary

* Systems Analysis sub-program includes diverse portfolio of models.

* Models well-developed as comprehensive tools — current focus on using these
capabilities to address analysis gaps.

* Emphasis on early market analysis:

* Means to developing economies of scale and jump starting transition and
infrastructure development.

Complete Agent * Economic, environmental and social benéefits.
Based Model for * Plans to enhance existing models and expand analyses.
infrastructure
analysis of fuel and * |dentify metrics for other applications, key challenges and prioritizing R&D.
vehicles
Analysis of
Complete resource technology
and infrastructure FUTURE PLANS environmental
analysis impacts
2009 2010 2011 2012 2013 2014 2015
Complete 2nd Assess technology gaps
version of Macro- and progress towards
System Model with metrics for multiple
electrical applications
infrastructure

17
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@ ENERGY For More Information

Subprogram Team

Fred Joseck, Lead
(202) 586-7932

Fred.Joseck@ee.doe.gov Field Office Project Officers:
Reginald Tyler
Tien Nguyen
(202) 586-7387 David Peterson
Tien.Nguyen@ee.doe.gov
Support:
Amy Manheim .
(202) 586-1507 Elvin Yuzugullu (SENTECH, Inc.)
Amy.Manheim@ee.doe.gov Kristin Deason (SENTECH, Inc.)
Mike Mills

(202) 586-6653
Michael . Mills@ee.doe.gov
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{0} ENERGY Models and Analyses

T NOTES
o == ] |
| 3 s | & n 3 * Projects funded by
- - = g
'\ Analysis Type “ Eﬁ Eg = EE ; 5 UEJ % E Systems Analysis are
:E 2|05 |2 -E ‘2 Bl £ |2F |m2| 2 denoted with a “1.”
z a E o L £| %3 E D lg: =) E_ E E ’
Models SE | S|E2|E3|2E|; |35|3E| 5|3
o i el Ml L « Risk analysis being

. =il
HzA Production Cost Mods! incorporated into models.
H,A Delivery Cost Model’ v

GREET model has risk

DTl HyPRO? V vsi bilit
——r ./ analysis capabilities.
HyDS1 V * Primary analysis focus of
NREL Infrastructure’ 7 models are illustrated in
HyDRAT P

matrix. However, models

PRAT V are multi-functional and can
HyTrans? V “ V .

be applied for other
GREET! v PP

Macro-System Model (MSM) | P - analyses in the matrix.
RCF AgentBased Model! v

p— 77 LEGEND

MARKAL l/ V “ Completed Models
HyDive! P

Hydrogen Logistics Model (TIAX) ‘/ P Planned Models
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ENERGY Feedback from 2008 AMR

OBSERVATIONS i M
2 . | WENERGY | H7

June 9-13, 2008
Arlington, Virginia

* LLNL Water Analysis important - should be extended to include renewable
hydrogen production pathways.

 HyDRA tool well received and encouraged. 44/ wtasd  Hydrogen Program
: : : L . : - 2008 Annual
« Environmental projects with University of lllinois and Tetra Tech important * W Merit Review and
in understanding effects on upper atmosphere and the environment. a7 - i
g PP P | as— Evaluatlgli’

=

L |

« Importance of TIAX platinum availability/leasing strategy and ANL hydrogen g Report =
quality recognized in addressing fuel cell cost and performance. '
» Understanding lessons from previous efforts to introduce alternative fuels

and power important for developing successful strategy to introduce
hydrogen.

RECOMMENDATIONS IN SHORT...

« Summary of assumptions should continue to be provided
at beginning of analysis session.

» Systems Analysis subprogram an essential

t to Hyd P ission.
* Model discussion and demonstration found useful. component to Hydrogen Frogram mission

* Projects appropriately diverse and focused on

* Fuel purity and impact on performance and cost tradeoff _ _ _ _
addressing technical barriers and meeting

analysis should continue.

* Model validation and peer review is critical for sound and targets.
credible analysis. * Analysis and model portfolio complete and
« Consistent set of inputs and assumptions should be used. making good progress.

23
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Distributed Power Generation

Fuel cell technologies can readily penetrate distributed electricity markets on basis of
energy efficiencies and/or GHG emissions advantages.

Fual Cycle Total Energy Use for Distributed and Grid- Generation Technologies
[ == 10 kW) - .
O T tion o End e Fuel cell technologies can readily
| Grid | ™ . .. . .
Fuel Cells EISCLIICILY | oo penetrate distributed electricity
3 markets on basis of energy
§ [ ] efficiencies and/or GHG emissions
g advantages.
&
For details, see --
http://lwww.transportation.anl.gov/pdfs/TA/554.pdf
= R R ,ﬁﬁ- o .ep‘:' ED*:' o o e
Wﬁw ¥ J‘“‘E’_@““ = ::Q-'P&m 1@“ WO e “E“vﬁ‘@; :0- M;:.M
ﬁ“?t

Fuel Cycle GHGs Emissions for Distributed and Grid- Generation Technologies
[ == 10 kW)

Grid
Combustion Fuel Cells Electricity

O End Use
| Generator

[9/kvha] at End Usa
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