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The Administration’s Clean Energy Goals

v Invest $150 billion over
ten years in energy
R&D to transition to a
clean energy economy

v Reduce GHG emissions
83% by 2050

v Executive Order 13514
 GHG Reductions
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Fuel Cell Types — Benefits of Fuel Cells

Fuel cells use an electrochemical process to generate electricity and heat,
with low emissions, offering a wide range of energy conversion applications.
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A Single Fuel Cell

TYPES OF FUEL CELLS

Polymer Electrolyte Membrane (PEMFC)
— Pros: Low-temperature operation, quick start, and high power density
— Cons: Expensive catalysts

— Applications: Stationary generation, specialty vehicles, transportation,
portable power

Phosphoric Acid Fuel Cell (PAFC)
— Pros: Low-temperature operation and high efficiency
— Cons: Low current and power density
— Applications: Distributed generation

Alkaline Fuel Cell (AFC)
— Pros: Low temperature operation and high efficiency
— Cons: Expensive impurity removal
— Applications: Military and space

Solid Oxide Fuel Cell (SOFC)

— Pros: High efficiency, multiple fuel feedstocks, usable waste heat, and
inexpensive catalysts

— Cons: Slow start-up and corrosion issues

— Applications: Auxiliary Power Units (APUs) and distributed generation
Molten Carbonate Fuel Cell (MCFC)

— Pros: High efficiency, multiple fuel feedstocks, and usable waste heat

— Cons: Slow start-up and corrosion issues

—  Applications: Electric utility GOVEnergy 2010 a4




Fuel Cells Help with Our Key Energy Challenges

Resource Diversity
= Fuel cells offer a way to use diverse fuels and energy sources.

Reducing Greenhouse Gas Emissions and Air Pollution:
=» Fuel cells can be powered by emissions-free fuels that are produced from clean, domestic resources.

Diverse Energy
Sources & Fuels

Clean, Efficient Diverse

. Energy Conversion . Applications

Methane
Biomass 20 Stationary Power
I'ulethanol {including CHP &
o et o backup power)

_ Natural
Conveml':onial Gas Fuel Auxiliary Power
uels Propane _
] Cells
Diesel
| - Portable Power
Renewable P ;
Resources ' | T T T T TTT oo To T T
Hydrogen Benefits
Nuclear .

» Efficiencies can be 60%
(electrical) and 85%
(with CHP)

* >90% reductionin
criteria pollutants

Transportation
Natural Gas

Coal

[with carbon
sequeastration)
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PROGRAM OVERVIEW: Key Targets

The Program has been addressing the key challenges facing the
widespread commercialization of fuel cells.

Fuel Cell Cost & Durability

Targets*:

© Stationary Systems: $750 per kW, Technology Market
2 40,000-hr durability Validation: _
5 _ . Transformation
o Vehicles: $30 per kW, 5,000-hr durability Technologies
> Hydrogen Cost must be Assisting the growth
S 5 p * 6/ demonstrated of early markets will
< roposed arget 99¢ under real- help to overcome
) (dispensed and untaxed) world _
2 _ conditions many barriers,

Hydrogen Storage Capacity -

including achieving
significant cost
reductions through

Safety, Codes & Standards Development economies of scale.

Target: > 300-mile range for vehicles—without
compromising interior space or performance

Domestic Manufacturing & Supplier Base
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Public Awareness & Acceptance

Hydrogen Supply & Delivery Infrastructure
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PROGRAM OVERVIEW: 2010 Progress & Accomplishments

Projected Transportation Fuel Cell System Cost
- projected to high volume (500,000 units per year) -

We’'ve reduced the cost of fuel
cells to $61/kW*

» More than 35% reduction in the
last two years

» More than 75% reduction since
2002

» 2008 cost projection was
validated by independent
panel™

» As stack costs are reduced,

$300/kW $275/kW
$200/kw TARGETS >
777777 $108/k\We@_ $94/KW
’ @
, T sraw® ;$ o S
$100/kW /! 4 Yr $30/kW,
/ ,' $45/kW 33
2000 2010 2015

—p>

balance-of-plant components
are responsible for alarger %
of costs.

*Based on projection to high-volume
manufacturing (500,000 units/year).

In 2008, an Independent Panel found
$60 — $80/kW to be a “valid estimate”:
http://hydrogendoedev.nrel.gov/peer reviews.html
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System Cost ($/kW net)

¥ 2005
] Balance of Plant ($/kW,
includes assembly & testing)
$34 $27
B stack ($/kw)

Lost as a Function of Manufacturing Volume
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$61
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Annual Production Rate based on 2009 Projection (systems/year)
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Early Market Fuel Cell Deployments with Industry

DOE announced ~$42 million from the American Recovery and Reinvestment Act to fund 12 projects,
which will deploy up to 1,000 fuel cells — to help achieve near term impact and create jobs in fuel cell
manufacturing, installation, maintenance & support service sectors.

FROM the LABORATORY to
DEPLOYMENT:

DOE funding has supported R&D
by all of the fuel cell suppliers
involved in these projects.

Auxiliary
Residential Power
and Small
Commercial

CHP

Backup Power

$20.7M

Specialty
Vehicles
$9.7M

Approximately $51 million in cost-
share funding from industry
4 Pparticipants—for a total of about $93
ggqlv/_grgsrgymi”ion.

COMPANY AWARD  APPLICATION
Delphi Automotive $2.4 M Auxiliary Power
FedEx Freight East $1.3 M Specialty Vehicle
GENCO $6.1 M Specialty Vehicle
Jadoo Power $2.2 M Backup Power
MTI MicroFuel Cells $3.0 M Portable
Nuvera Fuel Cells $1.1 M Specialty Vehicle
Plug Power, Inc. (1) $3.4 M CHP
Plug Power, Inc. (2) $2.7 M Backup Power
Univ. of N. Florida $2.5 M Portable
ReliOn Inc. $8.5 M Backup Power
Sprint Comm. $7.3 M Backup Power
Sysco of Houston $1.2M Specialty Vehicle

GovEnergy 2010 s




Early Market Fuel Cell Deployments with Federal Agencies
Over 500 kW of back-up power deployed

Examples 0
A m 'I\_
 DLA: material handling equipment % Sho AR
and H2ICE shuttle buses 4 Mot Dakot N U/ e
: .ﬁ: Lo Minnesota \'-\ v Brunswick
. i 'y Minneapolis 5 o, Nova.
« FAA: ground support equipment and South & Wsconsnll ) " Maine 3" scoti
backup power Sreies Dakota Ve
Idaho. " wyoming M -:-.uk% P00 S o
. i 5 Chicagt Detro: ' ermon
« APTO: ground support equipment sgt Lok Nibraska- 15 nl]o'.':a N N ew Hamshir
and H2ICE shuttle buses o Lcor® asas Minoisjngiang ONO Y@ Massachusetts
i Utah cllerado b\ St Lolis WES; i 9 Rhode|lsland
e Army incl. CERL/TARDEC: backup ) Ko @ﬁo Yt S
power, waste to energy, and H2ICE Wiehita Kentucky, @\ -
shuttle buses N s Oklahoma Arka% Tennessee \ O
. Lo .9 Arizon New Al p Maryland
» NPS: renewably generated backup A= o f{.,___"_ﬂo.-h.gmmm = MISSISSI:rIb hsercina Dl
power and H2ICE shuttle buses — < ¥ 4 e Qumbié
Erisenad ucsonaf | S & edle eorgla
g 3
* ONR/USMC: utility scale renewable Q oo, A ,"} ousiane T e
hydrogen generation and H2ICE ol o ¢ 0 ! od' anic plaic
shuttle buses . @ el | 1 , e orida
Ayl G P MGqu of Market
Ltk Mnntarray exico
* NASA: backup power and H2ICE Transformation
shuttle buses @Amerlcan Reinvestment
and Recovery Act
projects
(up to 1,000 fuel cell
Powermg DoD Warechouse Eqmpment deployments planned

(e.g. forklifts, backup

..DLA Hydrogen Fuel Cell Pilot
power)

Helping DDSP go GREEN

,/Q re i, B Vil | . i‘. WA B aicd. W V4
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Fuel Cell Products Available Today

Fuel Cells for Stationary Power, Auxiliary
Power, and Specialty Vehicles

The largest markets for fuel cells today are in stationary power,
portable power, auxiliary power units, and forklifts.

~75,000 fuel cells have been shipped worldwide.

~24,000 fuel cells were shipped in 2009 (> 40%
increase over 2008).

~50 new large (>10-kW) fuel cells were installed in 2009,
and a 4.8-MW fuel cell will be installed in the new World Trade
Center.

More than 1,000 fuel cells providing combined heat and
power for residences are being demonstrated in Japan (the
program plans to demonstrate more than 3,000 units).

Some stationary fuel cells are available with 80,000-hour
warranties on the stack, and some manufacturers report
about 40,000 hours between major overhauls.

Fuel cells can be a cost-competitive option for critical-
load facilities, backup power, and forklifts.

. GovEnergy 2010
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Fuel Cell Technologies Available Today
Stationary Power: Combined Heat and Power

» Combined Heat and Power
»  Multiple FC Technologies
» Heating and Power Needs
»  Multiple Fuel Options
» Natural Gas
» Bio Gas

»  Value Proposition

» High Reliability
» Energy Efficiency (exceeding 85%)
» No NOX

Govﬁy **Refer to US Fuel Cell Council Product List GovEnergy 2010 u
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Fuel Cell Technologies Available Today
Stationary Power: Emergency Backup Power

» Emergency Backup Power
» Telecomm
» Data Centers

» Weather Stations (FAA, NOA)

»  Value Proposition
»  Energy Efficiency
» High Reliability/Low Life Cycle Costs

» No NOX and criteria pollutants

-~ =Refer to USFCC Product List

GovEnergy
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Fuel Cell Technologies Available Today:
Stationary Power: DOE National Laboratories

Pacific Northwest .
Natiomal Laboratory  Idaho MNational Laboratory Amos Goals:
Laboratory Brookhavan National = Deploy fuel cells and
— Amyonne National Labaratary : ;
@ T 0O patonal Enargy quantify benefits at lab
"7 | Technology Laboratary | facilities

,;."’ = Develop DOE lab fuel cell
Lawrance Berkelay

National Labaratory .. L .i expertise across the
' country

-l‘ Ideal sites:

LHawrenn:iuLlég'ermum | 1
ational Laboratory ~ * Oak Ridge e R ir nsistent, reliabl
\lr— | |' S " Hmnalmgmm le,lﬁel': eot/:voe rs stent, reliable,
Sandia National -‘:\ Savannah River ; P
Laboratories \r\ : ational Labaratory = Would combine FC
Los Alamos Hatianal Renewible installation with planned
Natiomal Laboratory L nergy Laboratory . p
projects.

The Cifice of Enargy EMclency and Rencwabie
Energy provides funding to each of these
Mationa! Laboraones.

DOE is leading by example by deploying fuel cells at its facilities,
a Program is under way determine feasibility at these sites.

G%;;y GovEnergy 2010




Fuel Cell Technologies Available Today
Specialty Vehicles

» Material Handling Equipment

» PEM Hydrogen Fuel Cells

>  Fork-lifts All classes

>  Stand up Counter Balances [ =

»  Value Proposition
» Quick, easy indoor refills
» Consistent power across entire shift

» 10-20% Labor Productivity Savings

go;?,gy **Refer to US Fuel Cell Council Product List GovEnergy 2010 14




Fuel Cell Technologies Available Today

Soldier Power

> Soldier Power

> Small Scale PEM/SOFC

» Battery Recharging

»  Value Proposition
»  Light Weight

» Longer Run Time

> On Demand Power

= «Refer to US Fuel Cell Council Product List

GovEnergy
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American Recovery and Reinvestment Act (ARRA) -

Fuel Cells for Energy and Supply Distribution

Fuel Cell Manufacturing Technol $18.4M |

* Follow-on to sucecass of 2008 DOD Wearable Powar Challange
* Reduces the reliance on non-rechargeable batteries

* Working to address gaps identified in the JOMTP Power and Energy Roadmap

- 300 Watt Squad Level Fuel Cell Charger to support Ground Soldier System
- 50-80 Watt Soldiar Portable Fual Call System to support Air Forca ATD

* Success of the program will:

+ Result in the tactical use of fuel cells

+ Ba utilized by the Army, Air Force and Marines

+ Rasult in establishment of a viable domestic production base
+ Create a synargy between commercial and military applications

“For any mission over 48 hours, it will
take weight off the soldiers back”
- PM SWAR (Soldier Warrior)

GovEnergy 2010
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New Market Activities: Mobile Lighting
The Technology Works-- Used at 2010 Academy Awards in Hollywood

Lighting Red
Carpet Construction

Photo Courtesy of the Academy
d of Motion Picture Arts and Sciences
GovEnergy GOVEnergy 2010 16




New Market Activities: Mobile Lighting
Fuel Cell Light Combines PEM Fuel Cell with Advanced Plasma Lighting

5kW PEM Fuel Cell

- 43% efficiency (diesel lighting ~ 27%
efficient)
 No CO,, NO, or particulates emitted

< NO moving parts, very quiet operation

Plasma Lighting
* High efficiency — 120 lumens/watt

— * 50,000 hour lifetime
o T « Color Rendering up to 96 CR
1 - * 30 second turn-on, dimmable to 20%
N sCompact source (1/4”x1/4”)
U « No Audible Noise or Flicker
ooy e * Programmable
1) Ampifer feedback circut establishes efectric fied * Indoor and Outdoor Use

2) Field ionizes gas and creates plasma = Purple glow emission
3) Plasma vaporizes the salts => Blue light emission

Go.,.?,?@,y GovEnergy 2010 17
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New Market Activities: Air Transport Auxillary Power Units
Why do aircraft manufacturers want fuel cell power ?

Value Proposition for Fuel Cells
» Greater system efficiency

> Lower CO2 emissions

» No NOx
5001
> Little or No Noise ool
350 W Avionics
] 900+ O Systems
» Water is byproduct Load (k) 750- W Galley
200+ O Actuation
. 1504 ODe-lce
» Ground Support Equipment 1o mECS
53 O Starter

Gate Start Taxi  Climb  Cruise Descent Taxi
Flight Phase

ssoﬁy GovEnergy 2010 1s




New Market Activities: Integrating Renewables

« Concept: Use hydrogen as energy
storage to better integrate renewable
solar and wind resources into the
electric grid

» System uses stored hydrogen to
supplement the electric grid for on-
peak electricity production

Hydrogen produced via electrolysis
driven by renewable electricity and
non-peak grid electricity

Study seeks to determine the cost of
producing on-peak electricity from a
hydrogen-based energy storage
system

 System elements:

A3
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Electric Grid
Renewable Energy Input

* Solar (PV), Wind, Geothermal
Electrolyzer

» Conversion of renewables into H2
Hydrogen Storage

» Steel tanks, geologic storage
H2-to-electricity Conversion

* Fuel cells, H2 engine

Electricity

Ry

Grid

Auomo[&b

Renewable
solar/wind/geothermal

Commercial Hydrogen Markets

2"‘[] : :- ki
Electricity )= % ! :

Electrolyzer

Hydrogen Storage

GovEnergy 2010 19




New Market Activities: Integratlng Renewables (Hawaii DEMO)

Phase 1

A3
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~ 250 kW fuel cell system

~ 250 kW electrolysis system
1 MW gaseous hydrogen
compression and storage

1 MW LiOn battery, power
conditioning,
modeling/analysis

System operations, data
collection, electric power

Full Scale Pilot

~ 750 kW fuel cell system

~ 750 kW electrolysis system
~ 2 MW gaseous
compression and storage

1 MW LiOn battery, power
conditioning,
modeling/analysis (US ONR)
System operations, data
collection, electric power

VA
‘‘‘‘‘

Electrolyzer Water
Supply Tank

Electrolyzers, Fuel Cells & Hydrogen

i H Diffe Cha risth
A New Value-Added Grid Services Methodology DiaraT e
| Utility | —_— Fast Response
Si I
e 02 Storage = Fuel Cell -
Ramp Up —]‘“" A
Hydro — (Loss of Load) RAAEMIN ST TYDS
Medium Response
| Eif] Steam N
Oxygen Turbine [— 17| z
l Slower Response =
Geothermal =| Electrolyzer
—_— —» ICE Gen Feserve 4
_|_’
Hydrogen

i

Wind - Ramp Down l |

vl a.b

(Loss of Gen) Al

H2 Storage

—= Battery  —ToGridjs-

Large Medium-Term Market

Y

Controllable Varlable Load

Electrolyzers = Ramp Up Provides 2 Services
« PEM « Steady State + Down Regulation
+ Alkaline « Ramp Down s Up Regulation

Value Proposition — Change Operating Rules

+« FROM: Wind up = Reserve up

+ TO: Reduce Reserve requirement by throttling electrolyzer up and down !. H

= PLUS: Electrolyzer producing valuable products while providing grid regulating
ancillary services = potentially more value than just H27?

NH3 Fertilizer [ Vaie A >

Large Near-Term Market

im' S| Hoturl Exergy ase

GovEnergy 2010 20




Fuel Cell Power Model
Analysis of Fuel Cell Technologies with Facilities

 Hydrogen infrastructure costs for early transition phase are large, and
are relatively high risk due to uncertainty of demand.

 The Fuel Cell Power Model allows analysis of combined heat, hydrogen
and power (CHHP) systems, which may improve hydrogen deployment.

3 e ™
DR Electricity
& =
Natural Gas -
> IIOII‘
A A
Natural Gas Fuel Cell Hydrogen
or Biogas with e
— »| cHHP > &op”
~
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Fuel Cell Power Model
Analysis of Fuel Cell Technologies with Facilities

nnnnnnnnnnnnnnnnnn ! : ”drog en.
Hydrogen Program s, ST OFIY 9OV

e Version 1.1 Published Rt e e E—

= Hydrogen
Pr\ldu(til]n

> Hydrogen Delivery  pome - Systems Analysis = DOE H24, Analysis = DOE Fuel Cell Fower Anaiysis

e Molten Carbonate Fuel Cell and e

i Fuel Cell Power Model Case Study Data

Manufacturing

Phosphoric Acid Fuel Cell models e

Technology C tdydl I’ the Fuel Cell Power (FCF‘ verer) Mode \' I de huilding e gyl ad profiles

validation ola tw o K & profiles for U8, cities in eight tlimate zones. These dat & developed hyth
M > Safety Nanona\ Renewable Energy Laboratorys E\ectrlcn_\[ Resources and Elulldmg Syslems Inteqration
L] Users gulde > Codes & Standards Center forthe .S, Department of Energy's Buildin: s Pro N
> Education
. > Basic Research To al s the study data, use the map below to identify a climate nd then select from the
> [1] H OW to” g u Id e > Systems Analysis drnp-dnwn menuﬂs _helnwthe"mapm narrows the re_su\ts (stgp one) Aﬂerse\ectmg frnm the drap-down
- analysis menus, tlick the "Find Profile” button to generate links to Microsof Excel files that can be downloaded
Repository and imported into the FCPower Model (step two)
» Fuel cell performance models detailed ki
« Praduction .
- Delivery Climate Zone Map Climate Zones

» Case study descriptions e ) N =

» Comments

 Presentations, webinars, one-

on-one guidance
* Training and webinars for first users

* Electric Utility Consultants, Inc.
(EUCI) webinar

* Market Transformation analysis were
completed for several commercial and
government entities

¥ 4

NREL campus

NASA AMES Research Center

Los Alamitos Military base

USPS Distribution Facility San Francisco
Material Systems Research Institute (MSRI)
o~ Sandia / LLNL campus

GovEnergy GOVEneI‘gy 2010 22
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Fuel Cell Power Model

Electricity and Natural Gas Rates

ol
_14'

Los'Angeles

LasVegas

Ratio of Electricity to Natural Gas Price for
for Commercial Use by County, 2007

<" This map was produced by the
Mational Renewable Energy Laboratory

for the US Department of Energy.
2/23/09

ey
B

« »NREL

%‘;ﬁ/

A3
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Fuel Cell Power Model
Excel based tool is transparent and easy to use

Click Process Fill out Input Sheet completely

Flow Diagram Click Run Hourly Energy Profile

. Process button
Title e
Di agram Distributed Power Cash Flow Analysis Tool vi.1
Title:|Molten Carbonate Fuel Cell Case Study o — I===
o pen e o T e 2] S
Contact phone:[303 275 3837
Contact e-mail:|darlene_steward@nrel.gov HEA ol sales oding T A e g Click to run
I ! T maady wnar gy @ deid ilans ind mOdsr aﬁsr
Westai:Z; 1-Aug-09 caloulete 23t l— :?’?r;;!eﬁng
Twcnniiad Cparatng Faramemery and Specncamon
P —— rksheet
| T Y= |
View Results
R .
Conflgure system T
e Click |nput sheet Click to link |Results
mm — [ fodelailed
button capital cost |SUMMARY COST RESULTS
mm&[ worksheets
( N N g Compaecs f.q,:nnwu.n.-. Caged Con s IIESII H2A Power Model Energy Cost
INPUTS SELECT ENERGY SUBSYSTEMS & RUN OPTIONS [QUTPUTS o o Copnd Caste Flows
Heat H = —
S ——— ,_ 2
£ Climy S : : %7_:':] -
Fuel ( | 1
e J Fuel cell system + PSA I > o
] Click to ente — — -
I speific After clicking the Run Hourly Energy Profile
Hydrogen e = replacemen .

) - e button in the Input_Sheet_Template worksheet,
pre—= . - the model runs energy and cost calculations,
o T ) Complete the Input_Sheet_Template worksheet from top to bottom. Some values and you are Semf to the Results worksheet,

== in the Capital Costs and Variable Operating Costs sections can link to other where you can view the cost, energy, and
wind (T ronmes ) worksheets; after entering values on those worksheets, click the Input Sheet emissions results of your system. Also see the
. J \__/ button to return to the Input_Sheet Template worksheet. In the Other Materials Ei al S Y d K. Y Ei ’
and Byproducts section, you must click the Add button to add materials. Inancial summary an ei_/ Igures .

ot shon worksheets, the tabs for which are adjacent to

TRUE

e the Results tab.
GovEnergy GOVEneI‘gy 2010 24
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For More Information:

US DOE Fuel Cell Technologies Program

http://www.eere.enerqy.qgov/hydrogenandfuelcells/fuelcells/

Fuel Cell Technologies Programm Contacts

John Christensen, PE

Early Markets Consultant
National Renewable Energy Laboratory

christel@comcast.net

Peter Devlin Mike Penev
Manufacturing/Early Markets Program Lead Sr. Chemical Engineer
US DOE Fuel Cell Technologies Program National Renewable Energy Laboratory
Peter.Devlin@ee.doe.gov Michael Penev@nrel.gov

N3
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