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NESEAis a registered provider with the American Institute of 

Architects Continuing Education Systems. Credit earned on 

completion of this program will be recorded to CESRecords for 

AIA members. Certificates of Completion for non-AIA members 

are available on request.

This program is registered with the AIA /CESfor continuing 

professional education. As such, it does not include content that 

may be deemed or construed to be an approval or endorsement by 

the AIA of any material of construction or any method or manner of 

handling, using, distributing, or dealing in any material or product. 

Questions related to specific materials, methods, and services will 

be addressed at the conclusion of this presentation.
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Learning Objectives

Fuel Cell Session

ü Understand how hydrogen and fuel cells 

can deliver Combined Heat and Power

ü Understand where we stand on fuel cell 

technologies

ü Be familiar with some fuel cell development 

paths and projects

ü Understand how fuel cells may leverage 

development of green communities
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Fuel Cell Technologies Program

Fuel Cells: The Path Forward

NESEA Building Energy 11 Conference

Track 3 ïNew Renewables

Greg Moreland

SRA International 

Contractor Support for

U.S. Department of Energy

Fuel Cell Technologies ProgramMarch 10, 2011
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ÅOverview

ïApplications

ïPolicies 

ïExamples of Deployments in Response to Policies

ïFederal Government Purchase Mandates

ÅCollaborations

ïOverall DOE Activities

ïFederal Interagency Coordination

ïDOE-DOD MOU

ÅDOE-Supported Deployments

ïWith Industry (American Reinvestment and Recovery Act)

ïWith Government (Market Transformation Funding)

ÅUpcoming DOE-Supported Projects

Agenda
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Fuel Cells for Diverse Applications

ÅTrains

ÅTrucks

ÅAircraft

ÅShips
Hydrogen

Renewable 

Resources
(wind, solar,  

biomass)

Nuclear

Natural Gas

Coal
(with carbon 

sequestration)

Diverse Energy
Sources & Fuels

Clean, Efficient 
Energy Conversion

Diverse Applications

Biomass

Stationary Power

Transportation

Portable Power

ÅPrimary Power & CHP 
(residential, commercial, industrial)

Auxiliary 

Power

Motive 

Power

ÅConsumer Electronics

ÅBattery Chargers

ÅSoldier Power

Hydrogen

Natural Gas

Propane

Diesel

Other Hydrocarbons

Methane

Methanol

Fuel Cells
ÁAlkaline

ÁDirect Methanol

ÁMolten Carbonate

ÁPolymer Electrolyte 
Membrane (PEM)

ÁPhosphoric Acid

ÁSolid Oxide

Conventional 

Fuels

ÅSpecialty Vehicles  
(e.g. forklifts)

ÅBuses

ÅAutomobiles

ÅBackup Power

Fuel 

Cells or 

Turbines

Energy Storage for Renewable Electricity

Intermittent 

Renewables 
(solar, wind, ocean)

H2
Grid Power or Distributed Power
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Modified 
Accelerated 
Cost -Recovery 
System (MACRS)

The Tax Relief, 
Unemployment 

Insurance 
Reauthorization, and 
Job Creation Act of 

2010

Fuel cell property placed in service between 
9/8/2010 1/1/2012 qualifies for 100% first-
year bonus depreciation. For 2012, bonus 
depreciation is still available, but at 50% of 
the eligible basis.

The property must have a 

recovery period of 20 years 

or less under normal federal 

tax depreciation rules and 

been acquired and placed in 

service between 2008 ï

2012.

Loan Guarantee 
Program

Energy Policy Act of 
2005

Amount varies. Program focuses on 
projects with total project costs over $25 
million.

Full repayment is required 
over a period not to exceed 
the lesser of 30 years or 90% 
of the projected useful life of 
the physical asset to be 
financed.

Grants for Energy 
Property in Lieu 
of Tax Credits

American Recovery 
& Reinvestment Act 

of 2009

Allows facilities with insufficient tax liability 
to apply for a grant instead of claiming the 
Investment Tax Credit (ITC) or Production 
Tax Credit (PTC).  Only entities that pay 
taxes are eligible.

Capped at $1,500 per 0.5 
kilowatt (kW) in capacity. 
Fuel cells must be greater 
than 0.5 kW and CHP 50MW 
or less. Construction must 
begin by expiration date, 
12/31/2011.

Residential 
Renewable 
Energy Credit

American Recovery 
& Reinvestment Act 

of 2009

30% tax credit. Fuel cell maximum: $500 per 
0.5 kW

Raises ITC dollar cap for residential fuel 
cells in joint occupancy dwellings to 
$3,334/kW.

Fuel cells must have 
electricity-only generation 
efficiency greater than 30% 
and 0.5 kW minimum. 
Expires Dec. 31, 2016.

Investment Tax 
Credit

Emergency 
Economic 

Stabilization Act of 
2008

Offers tax credit of 30% for qualified fuel cell 
property or $3,000/kW of the fuel cell 
nameplate capacity.  Feature a 10% credit 
for combined-heat-and-power-system 
property.

Equipment must be installed 
by Dec. 31, 2016. 

Federal Policies Promoting Fuel Cells
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Federal incentives, including §1603 grant-in-lieu of tax 

credit and §48, have helped facilitate commercial transition 

to fuel cell forklifts.

Examples1: 

Å $660K: Central Grocers (Joliet, IL)

Å $420K: United Natural Foods (Sarasota, FL)

Å $600K: Sysco Foods (Houston, TX)

Å $620K: Wegmans (Pottsville, PA)

Å $320K: Kimberly Clark (Graniteville, SC)

Å $400K: Coca-Cola Bottling (Charlotte, NC)

Å $390K: Whole Foods (Landover, MD)

Other examples: H-E-B, Walmart, and more

Forklift Deployment Examples

Super Store Industries - First 

Grocery Warehouse and Distributor 

to Deploy Methanol Fuel Cells for 

Material Handling Equipment

1 Source: Plug Power
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The Food Industry is an emerging market for stationary fuel cells 

Announced Supermarket 

Deployments: Nine Sites Include 

Å Whole Foods (CA,CT,MA)

ï 3 sites, 400kW each

Å Price Chopper (NY,CT)

ï 3 sites, 400kW each

Å SUPERVALU (MA,CA)

ï 2 sites, 400kW each

Å Ahold (CT, Stop & Shop)

ï 1 site, 400kW

Å Completed Food Producer Deployments:

Å Coca-Cola (NY, 800 kW) ïanother 800 kW under construction

Å Gills Onions (CA, 600 kW)

Å Pepperidge Farms (CT, 1.45 MW)

Å Sierra Nevada Brewery (CA, 1 MW) 

CHP Deployment Examples
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On October 5, 2009

President Obama signed 

Executive Order 13514 ï

Federal Leadership in 

Environmental, Energy, and 

Economic Performance

ÁRequires Agencies to:

Á Set GHG reduction Targets
Á Develop Strategic Sustainability Plans 

and provide in concert with budget 
submissions

Á Conduct bottom up Scope 1, 2 and 3 
baselines

Á Track performance 

Examples:

ÁAchieve 30% reduction in vehicle fleet 
petroleum use by 2020

ÁRequires 15% of buildings meet the 
Guiding Principles for High Performance and 
Sustainable Buildings by 2015

ÁDesign all new Federal buildings which 
begin the planning process by 2020 to 
achieve zero-net energy by 2030 

Potential opportunities for fuel cells 
and other clean energy 
technologiesé.

Executive Order 13514

http://www1.eere.energy.gov/femp/regulations/eo13514.html
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Collaborations

Agenda
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Collaborations

DOE             
Fuel Cell 

Technologies 
Program*

īApplied RD&D 

īEfforts to Overcome 

Non-Technical Barriers

ī Internal Collaboration 

with Fossil Energy, 

Nuclear Energy and 

Basic Energy Sciences

Federal Agencies Industry Partnerships 
& Stakeholder Assnõs.
ÅFreedomCAR and Fuel Partnership

ÅFuel Cell and Hydrogen Energy 

Association (FCHEA)

ÅHydrogen Utility Group

Å~ 65 projects with 50 companies

Universities
~ 50 projects with 40 universities

State & Regional 
Partnerships

ÅCalifornia Fuel Cell Partnership

ÅCalifornia Stationary Fuel Cell 

Collaborative

ÅSC H2 & Fuel Cell Alliance

ÅUpper Midwest Hydrogen Initiative

ÅOhio Fuel Coalition

ÅConnecticut Center for Advanced 

Technology

ÅDOC

ÅDOD

ÅDOE

ÅDOT

ÅEPA

ÅGSA

ÅDOI

ÅDHS

P&D = Production & Delivery; S = Storage; FC = Fuel Cells; A = Analysis; SC&S = Safety, Codes & Standards; TV = Technology Validation, MN = Manufacturing

International
ÅIEA Implementing agreements ï

25 countries

ÅInternational Partnership for           
Hydrogen & Fuel Cells in the        
Economy ï

17 countries & EC, 30 projects

īInteragency coordination through staff-
level Interagency Working Group (meets 
monthly)

īAssistant Secretary-level Interagency 
Task Force mandated by EPACT 2005. 

ÅNASA

ÅNSF

ÅUSDA

ÅUSPS

* Office of Energy Efficiency and Renewable Energy

National Laboratories
National Renewable Energy Laboratory

P&D, S, FC, A, SC&S, TV, MN

Argonne A, FC, P&D, SC&S

Los Alamos S, FC, SC&S

Sandia P&D, S, SC&S

Pacific Northwest P&D, S, FC, SC&S, A

Oak Ridge    P&D, S, FC, A, SC&S

Lawrence Berkeley    FC, A

Other Federal Labs:  Jet Propulsion Lab, National Institute of Standards & 

Technology, National Energy Technology Lab (NETL)

Lawrence Livermore    P&D, S, SC&S

Savannah River   S, P&D

Brookhaven S, FC

Idaho National Lab P&D
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Purpose: 
Å To begin discussing collaboration across DOD and 

DOE in keeping with the MOU 

Å To motivate RD&D for APU applications

Next Steps
Å Identify specific POCs for DOD activities (RED 

DOTS)

Å Develop GSE Strategic Demo Plan

Enhance Energy Security MOU

The purpose of this MOU is to 

identify a framework for 

cooperation and partnership 

between DOE and DOD to 

strengthen coordination of efforts to 

enhance national energy security, 

and demonstrate Government 

leadership in transitioning America 

to a low carbon economy.

Aviation APUs Workshop

Waste-to-Energy Workshop: 1/13/2011

DOD-DOE MOU

Shipboard APUs Workshop

Purpose: 
Å To  identify DOD-DOE waste-to-energy and fuel 

cells opportunities

Å To identify challenge and determine actions to 
address them 

Next Steps
Å Set up an on-going WG to begin coordination, 

collaboration, assistance

Å Develop a guidance document for Feds using third 
party financing

Å March 2011

Å Organized by ONR
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Deployments
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Market Transformation Deployments

2009 Deployments ($5 

Million)

Å44 EBU Units

2010 Deployment ($15 

Million)

Å5 Mobile Light Stands

Å75 Micro CHP Units

Å95 MHE Units

Å12 HICE Buses

Å1 Electrolyzer

Å1 Mobile Refueler

Å1 Hydrogen Reformer 

(Landfill Gas)

Total Deployments by Type*

* Figures include Market Transformation 

funding only, ARRA and Other are excluded
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ARRA Fuel Cell Units in Operation

Current and Projected Quantities

*Compiled using data from National Renewable Energy Laboratory (NREL).

Speed and Scale Projected Operation 

Quantities
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Upcoming Projects
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Bundled DOD Multi Site Back-Up Power Project to Reduce Overall Cost of  Deployment 

Backup Power

Project Details

V9 Host Sites

V20 Separate Buildings

V44 Units

V~220kW

Á U.S Army Aberdeen Proving Ground, MD

Á U.S. Army Fort Bragg, NC

Á U.S. Army Fort Hood TX

Á U.S. Army National Guard Ohio 

Á U.S. Army Picatinny Arsenal , NJ

Á NASA Ames Research Center, CA

Á USMC AGGC 29 Palms, CA (2 Buildings)  

Á US Military Academy West Point, NY.

Á Cheyenne Mountain Air Station

Advantages of Fuel Cells for Backup Power:

1. Provide longer continuous run-time, greater durability than 
batteries (Battery systems usually run 4 ð8 hrs, and have to 
be replaced every 3-5 years, while fuel cell runtime is 
limited only by storage capacity, and they could last 15 
years or more, depending on actual use).

2. Require less maintenance than batteries or generators 
(estimated routine maintenance of two hours per year for 
fuel cell and eight hours per year for batteries and 
generators)

3. Can be remotely monitored

4. Can provide substantial cost-savings over battery-
generator systems (nearly 25% reduction in lifecycle costs 
for a 5-kW, 52-hour backup-power system)*

Plug Power units at Ft. Jackson

*SOURCE: Identification and Characterization of Near-Term Direct Hydrogen Proton Exchange Membrane Fuel

Cell Markets, Battelle Memorial Institute, 2007 (www.hydrogenandfuelcells.energy.gov/fc_publications.html)
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ü Potential Fuel Savings using Fuel Cells to 
replace auxiliary gas turbines in Aircraft

ü Potential Fuel Savings using Fuel Cells to 
replace gas turbine powered Ground Support 
Equipment(GSE)

Next Steps:  
1. Workshop to identify Challenges

2. FC APU Systems Integration Analysis

3. Joint DOE - DOD Solicitation driving development  
collaboration with industry. DOD and Industry 
prototype testing to begin 2013.

DOD ðFuel Cell Opportunities

Source: Report of the Defense Science Board Task Force on DoD Energy Strategy, February 2008

Air Force (AMC) Energy Reduction

Navy Energy Reduction

ü Potential Fuel Savings using Shipboard Fuel 
Cell to replace auxiliary gas turbines

ü Future Opportunities: Fuel savings for DDG 51 
ship class with mechanical drive or hybrid 
electric drive:

ü Biofuel reforming would improve power density 
and performance, and help achieve SECNAV 
energy goals and sail Great Green Fleet in 2016.

Next Steps:  Joint DOE (fuel cell R&D)-ONR (biofuel
processing) collaboration proposed to address key RD&D 
challenges & demonstrate fuel cell prototype on reformed 
biofuel by 2014.

Air National Guard Energy Reduction

ü Potential Fuel Savings using Fuel Cells as 

Prime Power and Heat (~2 MW Hrs per year per 

base)

Next Steps:  Develop and commission demonstration 

project  using Fuel Cells for Combined Heat and Power at 

JFTB Los Alamitos, CA.

DoDEnergy Consumption by Type of Fuel
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This yearôs focus
Å Evaluate APUs size and 

configurations of fuel cell systems 
and scenarios.

Å Evaluate technologies to provide 
peak power (PEM, high-temp. PEM, 
ultra-capacitors, turbines, batteries, 
etc.)

Å Identify and quantify efficiency, cost, 
and emissions benefits of fuel cells 
in practice

To date
Å Aircraft Working Group

Å Aircraft APU Workshop

Å Begin analysis with PNNL/SNL

Å Launched SBIR topic

Å Issued RFI topic

Aircraft APUs

Boeing 787

Benefits of FCAPUs
VIncreased efficiency

VReduced emissions

VOn-board water generation

VCombined-heat-and-power opportunities

VReduced generator size & weight

Goal

Å Develop a comprehensive 

hydrogen and fuel cell 

approach for aircraft

Å Including onboard APU, GSE, 

ground transportation, and 

mobile lighting

Fuel cell APUs can help provide on-board electrical power on aircraft, 

reducing emissions and increasing efficiencies for airplanes as the 

industry moves toward a more electrical architecture.
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Ground Support Equipment

Advantages

VZero NOx and PM (5.6 NOx and 

0.6g/hp-hr PM for ICE powered GSE)*

VVery quiet- 43 dB noise level at 23 ft 

(PEM 5kW mobile light stand)

Dallas Fort Worth International Airport NOx Emission Source Categories

Emerging Market Opportunity

ÁFuel Cells can be applied to a variety of airport 

applications:

Á Auxiliary Power Units (APUs)

Á Ground Power Units (GPUs)

Á Primary and Emergency Power

Á Gate handling equipment

Á Conveyors, fuel trucks, catering vehicles, 

water trucks, mobile lighting

Á Road Vehicles

Market Potential

ÁTotal GSE units of up to 100k which will need to be 

upgraded by 2030

ÁPolicy Supporting Fuel Cells:  FAA Voluntary Airport Low 

Emission (VALE)  program 

ÁLarge-hub Airport funding up to 75% of eligible 

costs through Airport Improvement Program (AIP) 

grants for commercial deployments.

*Exhaust and Crankcase Emission Factors for Nonroad Engine Modeling Compression-

Ignition, July 2010.  EPA, 

http://www.epa.gov/oms/models/nonrdmdl/nonrdmdl2010/420r10018.pdf
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Combining modern PEM fuel cells 

and high efficiency plasma 

lighting, fuel cell mobile lighting 

provides superior performance. 

Next Steps

ÅReal World deployments at 
SFO, State DOT (CA, CT), 
and the entertainment 
industry

ÅPublicize and further 
commercialize

ÅContinue to improve 
technology

Fuel Cell Mobile Lighting

Benefits of Fuel 

Cell Mobile Lighting

V40 hour duration (lighting)

V3 kW of AC power available

VIlluminates 50 yds x 75 yds

VSuitable for indoor/outdoor use

VVery quiet! 43 dB noise level at 23 ft

Fuel Cell Mobile Light used at 2011 Golden Globe Awards (courtesy of SNL)
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Landfills generate landfill gas 

(LFG) from active 

microorganisms interacting 

with the waste. This gas can 

be converted into hydrogen 

and used to provide energy or 

fuel, effectively turning trash 

into power.

Landfill Gas Purification Project

BMW Manufacturing site.

Courtesy of Waste Management World

Landfill Gas to Hydrogen Benefits

VReduced emissions

VAdditional power supply

VAdditional vehicle fuel source

Goal

ÅCompare LFG-produced 

hydrogen and delivered 

hydrogen in ñreal worldò 

evaluation of MHE 

equipment.
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Micro Grid: Fort Sumter National Monument

DOE is funding feasibility study of potential for on-site generation of electricity from renewable sources

Micro Grid Project to include solar PV array and backup power fuel cells to support on-site operations.

Hydrogen to be generated on-site via water electolysis using electricity from solar PV array.   

Visitor Center and 

Offices (magnified 

view from entrance)
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ÅñGreen Communitiesò Goal ïTo leverage
ï residential, mixed-use, light commercial, municipal or state sites that have 

committed to mitigating their environmental impact.

ï identify communities that have adopted energy efficiency and conservation 

plans that are capable of leveraging their existing or planned investments with 

the deployment of hydrogen and fuel cells systems.

Green Communities

Potential Projects

Community requires system 

capable of integrating with 

existing renewable energy 

generators to produce hydrogen 

to fuel new fuel cell bus fleet

Fuel cell co-generation plant could 

provide sufficient electric power and heat 

to meet communityõs requirements and 

help achieve energy efficiency and GHG 

emissions goals adopted by community.

Installation of electrolyzerwould allow 

community to store and sell excess 

renewable energy production, 

generating a new revenue stream and 

fully utilizing renewable resources.
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Heat 
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AC 
Power

Hydrogen 
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Hydrogen 
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Combined Heat, Hydrogen & Power 
(CHHP)

The cost of hydrogen production from CHHP can be comparable to distributed 

SMR at low volumes.

Fuel 
Cell

NATURAL GAS or BIOGAS

NATURAL GAS

GRID ELECTRICITY POWER

HEAT

POWER

HEAT

HYDROGEN

Generation & 

Transmission Losses

Baseline 
System

CHHP
System

ÅCHHP is an innovative approach that can :

ÅHelp establish an initial infrastructure 

for fueling vehicles, with minimal 

investment risk

ÅProduce clean power and fuel for 

multiple applications

ÅThe Program is demonstrating a CHHP 

system using biogas. 
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In cases where 

there is a low 

demand for 

hydrogen in early 

years of FCV 

deployment, 

CHHP may have 

cost advantages 

over on-site SMR 

production.
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ÅPreliminary Test 

Results
Å Fuel cell with water-gas shift 

in  operation > 6,000 hours

Å Tri-generation results:
Å Coproduced 2 to 5 kg/hr hydrogen 

with  > 200 kW electricity

Å Estimated hydrogen recovery at 

80 to 85%

Å Product purity <0.2 ppm CO; <2 

ppm CO2

Å Operation with simulated digester 

gas feed

Å PSA operating map developed 

(cycle time vs. feed rate)

Å Implemented automated system 

to switch to CHP mode when 

hydrogen tanks are filled.

Fountain Valley CHHP 
Demonstration

Public -Sector 

Partners:

California Air 

Resources 

Board

South Coast Air 

Quality Management 

District

Schedule:
ÅFC Operating as of December
ÅDigester delivered early 2011 

Source: US DOE 12/2010
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Overall Goal

To help combat large amounts of 
variable generation from renewable 
sources a grid integrated hydrogen 
system is proposed to use hydrogen 
for energy storage.

Phase 1 Components

Å250 kW fuel cell system, 250 kW 
electrolysis system, 1 MW gaseous 
hydrogen compression and storage,1 
MW LiOn battery (ONR), power 
conditioning, modeling/analysis

Hydrogen Energy Systems from Renewables

H2 Energy System Project Objectives

ÅProvide low cost hydrogen fuel from renewables to local transit authority

ÅDemonstrate electrolyzers as a grid management tool

ÅAbility to respond quickly to increased and decreased power loads

ONR Parallel Project


