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Why Hydrogen and Fuel Cells?

wReduced emissions of greenhouse gases and primary
air pollutants

wProvides an energy storage solution for integration
with other renewable technologies.

wProvides economic benefits and jobs Iin the region

wNew generation capacity to meet projected electric
consumption demands

wGrowth of peak electric demand
wlncreased energy efficiency required (oil cost/$bbl)
wRenewable Portfolio Standards




Federal Support

A US Department of Energy (DOEducate
stakeholders to encourage and promote the use of
hydrogen and fuel cell technology in early market
applications.

A US Small Business Administration (SBB)hance
and expand an emerging, but highly functional
hydrogen and fuel cell regional cluster centered In
the northeast United States.
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A Strategic Market Assessment

A Mapping of Target Locations
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A Educate and assist key stakeholders

A Train individuals on models

A Guidance for technology deployment
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Strategic Market Assessment

A A mature global market could generate between $43 and $139
billion annually.

A If the region captures a significant share of the distributed
generation and transportation markets, revenues could be
between $14 and $54 billion annually.

A A mature market would require an employment base of tens of
thousands.

A Current Hydrogen and fuel cell industry in the region

i 25 OEM level businesses with $225 million/yr revenue and
1,923 employees

I 1,063 supply chain member organizations
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Strategic Market Assessment

8 State Region

Market Attributes/Industry Status | CT | NY | NJ | MA | ME | NHRIVT
Stationary Power
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power)
¢ Indigenous industry base {
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Transportation Power (cars/buses)

e Strong market drivers (appeal to Y‘ {
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¢ Indigenous industry base Y‘
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e Hydrogen highway/infrastructure f
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e Technically trained workforce Y‘
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Strategic Market Assessment

A Electric Generation

A Transportation

A Hydrogen Refueling
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Electric Generation: Fuel Cell Power Facility

A Energy Efficiency (50% to 90%)
A High Availability Factor (244 93%)
A High Productivity (CHP and CHHP)

A Low Carbon Emissions
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Hydrogen & Fuel Cell Transportation

A Zero Carbon Emissions
A Safe

A Efficient
I Transit
A 12.4 mpge
i Passenger
A 62 mpge

Chevy Equinox:

Honda FCX Clarity Nissan FCV
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Hydrogen Refueling

AHigh Efficiency
AFast Fill
ASafe

AZero Carbon Emissions
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Mapping Strategic Targets

Potential Hydrogen and Fuel Cell Applications
Energy Intensive Industries
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Mapping Strategic Targets

Potential Hydrogen and Fuel Cell Applications N
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Mapping Strategic Targets

Potential Hydrogen and Fuel Cell Applications
Alternative Fuel Station Locations - Transportation

S

Legend

(D Hydrogen Refueling
State DOT Facilites
Alt Fuel

. EBS Ethanol
‘ Bio-diesel

AFV Station
Fuel Type

‘ Bio-diesel

<> CNO - Compressed Natural Gas

‘ Electric
‘ LPG - Propane

CT Electrical Regions

[ ]ect

[ ] Norwalk-Stamford
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Toolbox for Roadmap Construction

Regional Resource CenteOnline Models

A Economic/Cost Model
I Heating and Electricity Cost Savings
A Energy Management Model
I Efficiency Benefits
A Distributed Technology Comparison
I Compares Fuel Cells to Other Technologies
A Hydrogen Generation from Renewable Technology
I Cost of Hydrogen from Renewable Resources
A Environmental Model
| Stationary and Transportation Emissions

15



Economic/Cost Model
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A | B | 3 |(Cents / kWh) 5 13.00
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AI Advanced Technology Inc. State Enter Your Current Heating Fuel A
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The economic/cost model assesses potential yearly heating and S (1 ccf = 100 cubic feet of gas) $ L
electricity cost savings when using a fuel cell for baseload power. The =
model is based upon commercial availahble baseload fuel cell 8 Fuel Cell Profile i i
technologies. Fuel cells used for baseload power should typically not 3 | Select Fuel Cell Technelogy 400 kVY Phosphoric Acid
exceed 85% of a facilities load in order to utilize 100% of the fuel cells 10 |Mumber of fuel cells !
heat and energy. mF< 11 |System Size (kW) 400
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Energy Management Model

Connecticut Center for Advanced Technology, Inc.

ABOUT CCAT

Energy Overview
» Services
Contact Energy

Hydrogen Advancement

Fuel Cells for
Municipalities

U.5. DOE Energy
Partnership - Regional
Resource Center

Connecticut Hydrogen-Fuel
Cell Coalition

Energy &
Infrastructure Planning

Center for Energy
Solutions and
Applications

Renewable Energy
Biodiesel Grant Program

Energy Events

TRIT
ember !‘E‘ 2009
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SERVICES PUEBLICATIONS/NEWS

Regional Resource Center - Energy Management Model

The energy management model assesses the efficiency benefits of stationary fuel cell applications.
Use the interface below to select the stationary fuel cell output and then select the fuel type to see the
fossil fuel equivalent for the potential energy savings using a fuel cell to replace conventional
electricity generating technologies.

Choose Fuel Cell Power Qutput: | 300 kKW w

@ 0il Equivalent Savings (GalfYear)
O coal Equivalent Savings (Short Tons)
O NMatural Gas Equivalent Savings (CF)

Qil Equivalent Potential Fuel Cell Specific

BluwkWhr| ¢ vings (GallYear) | Savings (MMBtu/Year)

Fotential Energy Savings from
Replacement of Oil-Fired 4 509 87,219 12112
Generation

Potential Energy Savings from
Replacement of Coal-Fired 4,288 81,144 11,269
Generation

Fotential Energy Savings from
Replacement of Matural Gas-Fired | 3,876 75,240 10,449
Generation

Fotential Average Energy Savings
from Replacement of Conventional | 4,171 78,930 10,961
Fossil Fuel Generation

** This is not a life cycle analysis
Sources:

Fuel Cell Economic Development Plan: Hydrogen Roadmap, Conneclicut Center for Advanced Technology, Inc,
2008

Regional Resocurce Center U.5. DOE Partnership Building Initiative

Disclaimer
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Distributed Technology Comparison
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Fuel Cells for
Municipalities

U.S. DOE Energy
Partnership - Regional
Resource Center

Connecticut Hydrogen-Fuel
Cell Coalition
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Infrastructure Planning

Center for Energy
Solutions and
Applications

Renewable Energy

Biodiesel Grant Program

Energy Events

TConnecticut Center for Advanced Technology, Inc.

SERVICES

Regional Resource Center - Distributed Technology

Comparison

The distributed technology comparisan allows a user to compare fuel cells to other distributed
technologies including microturbines, combustion turbines, reciprocating engines, photovoltaic
systems, and wind turbines. Fuel cells feature the highest efficiency, exceptional heat rates, flexible
fuel sources, and low to no emissions. Fuel cells using hydrogen generated from renewable
resources are emission free and offer superior efficiency when used in combined heat and power

applications.

& Microturbines

O combustion Turbines
& Reciprocating Engines
O Photovoltaic Systems

O wind Turhines

ember

PUBLICATIONS/NEW

= =
tone MicroTurbine

7
, 2009

Distributed Technology Comparative Analysis

digester gas

Fuel Cells Microturbines
Size Range (KW) 100 - 2400 25-500
Matural gas,
Fuel hydrogen, LJ“aE}uralgas.
ue landfill gas, yarogen,

propane, digsel

Ayerage Efficiency (%) 45 39
Combined Heat and Power Efficiency vy vy
Average Installed Cost (S/kW) 5,500 1,000
Average Heat Rate (Btu/kWh) 7,693 12,200
Average D&M Cost (8KWh) 0.03 0.014
Average Mox Emissions (Ik/kWh) (1) 0.0000158 0.00048
Average CO2 Emissions (IB/EWR) (13 0.83 1.19
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Hydrogen Generation Potential

Connecticut Center for Advanced Technology, Inc.

ABOUT CCAT

Energy Overview

+ Services

Contact Energy

Hydrogen Advancement

, Fuel Celis for

Municipalites
U.s. DOE Enerqgy

+ Partnership - Regional

Resource Center

Connecticut Hydrogen-Fuel
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d Energy &

Infrastructure Planning
Center for Energy
Solutions and
Applications

+ Renewable Energy

Miodiesel Grant Program

+ Energy Events

K 144
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SERVICES PUBLICATIONS/NEWS

Regional Resource Center - Hydrogen Generation from Renewable
Technology*
The table below contalns Information on the cost of elecincity from these renewable technologles and thelr

potential costto produce hydrogen. The costs are ranged from lowest costto highest cost avallable across the
globe for each specific electricity generation technology

_m'gggvm“ tion from Renewable Technology”
Price of tricity Price per Kilogram Price per Gallon Equivalent
E%Wh Low | e/kWh High kg Low $/g High Sgge Low High
Ml $0.05 ERES 925 ég &'{ M
3 25 4 ESE'EE
wﬁm 3’% g 5 $16.26 S%!I“%
Solar Thermal $0 12 $0.18 7.80 $11.70
[Hydroelectricity Large $002 3008 30 35
Hydroslectricity Small _ 2
Geothermal X Y ?‘; S5 K F
Marine Tidal $0.08 50 $520 $6 7% F
ave 008 307 $520 31500
Marine Current $0.08 $015 $520 $575 3 Siooa |
Appe Cost of A Gas Ref. tlon|  £218 | S <Y1 [ $230 5]

Currently. hydrogen Is most commonly produced by steam reformation of natural 0as 2nd has proven 1o be the
most cost effective source of hydrogen generation This is a process in which steam is used to produce
hydrogen from natural gas. Learn more here

Hydrogen Generation Cost by Renewable Technology

§85 35

$18 —
= 516
=
3 514 —
= $12 "
—
:‘; S0 4 o O $/yge Low
S 98 o $/4gge High
5 36 4— — —— — u
=5
g W4 ]
< g2 —1_ —|

- [] i I8
30 T T T T T T T T T
N
&£ .g‘b A A A - A
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Hydrogen Generation

| E | C 1 E | F | [l M | [u]

the Connecticut Center for
Advanced Technology Inc.
State and Local Government
Partnership Building

U.S. Department of Energy and

1 Enter Data into the yellow cells then click the link below For results

T

U.S5. Department of Energy and
the Connecticut Center for
Advanced Technology Inc.
State and Local Government
Partnership Building

Yearly Average Kilograms

Produced [Low Estimate])

Yearly Average Kilograms
Produced [High Estimate]

] 0 0 0

]

Wind turbine power will be compared equally among the three renewable technologies [e_g. a 1500k wind turbine will Wind Power 17.003% 53,351
automatically select 1500k of photovoltaics and hydroelectric turbines_ Photovoltaics 72,326 72306
¥Wind Turbine Photovoltaics Hydroelectric Hydroelectri 17.411 17,411
Ent.er the Tearly Average Costlkg [Low | Yearly Average Costlkg [High
Select a Wind 100 k't (MWD Panel Rated estimated Estimate] Estimate]
Turbine 100] Capacity (k] o average flow ratz o wWind P $6.77 $2T 87
of water based on in o'e'_ . -
peak fows Cubic|Photowoltaics +25.70 $25.70
Hydroelectricity £2 85 3285
Unit Fated 100 I:InT; ::ii::s:;tu Enter Capacity 14 Enter Pressure 50
Capasity (kW] cpeeds greater || 2007 4] Head Height [Feet] Hydrogen Productivity (kg/Year) by Type at Equivalent Installed Capacity
than ~34 mph
Fleaze select wind “early System efficienc
class at 50 m[164 1 Maintenance Cast $0.002 [j] Y B4
] [k k] -
ko Entry Mleeded, . ' ' '
Value is 17 ';j:’\'\:ed Fast #7400 C:P“"” Factar 503 17,411 : 2
| | Disreqarded L ! ) 17411 i H
“fearly | i i H v " X "
Ent:lr Mumber of g Maintenance Cost 100 : : : ) @ Yearly & erlage Kll-:grams_
urbines [kl | 72 32 Produced {High Estimate’
I;ﬁ;ﬂed Fost #1500 ";sa:’\'h'f" Fast $2.500 5 . ; - | 72.32€ O yearly Average Kilograms
il (L3 4] =z i i 1 Produced (Low Estimate)
early ) & | 69,95
M:alntenance& 001 Turbine Power 10295 = 17 003 i !
Miscellaneous [Horsepower] = ' ' '
Costs [centskiwh) E ! ! 1
Enter Capacity -~ Turbine Power - 0 20,000 40,000 50,000 80,000
Factor %] (kW)
Coefficient of
Ferformance (3574 28 ?urbn.ber OI:I ded 2 )
| | masimum) Hrbines hieede Yearly Average Cost ($/kg)
Fiho [air density
b#°3) 0076 Kwhi'ear E74036 : : : : :
Generator 6 H | | H
ne At i g5 : : :
Efficiency Hydroelectricity gj 85 i i i i
Gearbox Bearings a5 T ' H H ' .
Efficiency ) E 0 o ! ! ' A Yearly Average Costkg (High
Estimate)

Financial Assumptions Financial Assumptions Financial Assumptions Photovoltaics I ggg-; E OYearly Average Costka (Low
Interest Fate TH Interest Fate fd Interest Fate ™ T T T T T X o N g gl ’
v Diebt 002 + Diebt [ s Diebt [ 4 ' : ' ' : Estimate)

Finance Term Finance Term Finance Term - ! - - ! A= o
[ears] 15 [‘earz] 15 [fears] 15 Wind Power $E 77 | $d 7.87
Energy Production Costs Energy Production Costs Energy Froduction Costs . . . . .
“fearly Debt “early Dbt “fearly Debt ' ! ' ' !
| | Payment FHERITEE Prayment #1835, 76606 Payment F4.520.70 SO000 500 %100 %150 3200 %5250 3300
early

20




0 T, .. .

Environmental Model

-

-

-

-

-

-

-

ABOUT CCAT

Energy Overview

+ Services

Contact Energy
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Connecticut Hydrogen-Fuel
Cell Coalition

Energy &
Infrastructure Planning

Center for Energy
Solutions and
Applications

Renewable Energy

Biodiesel Grant Program

Energy Events

Connecticut Center for Advanced Technology, Inc.
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Regional Resource Center - Environmental Model

The environmental model assesses the environmental benefits of hydrogen and fuel cell
applications compared with other conventicnal technologies. Use the interface below to select either
the stationary ar transportation application, then choose the power output or vehicle type to find out
the potential emissions reductions using hydrogen and fuel cell technolagy.

Choose Application: | Stationary v|

Choose Power Cutput: |4EIEI kW V|
Click here for results

Stationary power is the most mature application for fuel cells. Stationary fuel cell units are used for
kackup power, power for remaote locations, stand-alene power plants for towns and cities,
distributed generation for buildings, and co-generation {in which excess thermal energy from
electricity generation is used for heat).

STATIONARY OUTPUT =

Potential Average Annual Emissions Reductions Using Fuel Cell Technaology Compared to
Existing Mew England Fossil Fuel Electric Generation

NOX (Ibs) 3,523.20
502 {Ibs) 12,038.78
CO2(lbs) 2,814 96643

Qil Equivalent Energy Savings (gal) 105,240.49

* Based onthe use of natural gas
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Environmental Model
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-
Regional Resource Center - Environmental Model

The environmental model assesses the environmental benefits of hydrogen and fuel cell
applications compared with other conventional technelogies. Use the interface kelow to select either
the staticnary or transportation application, then choose the power ocutput or vehicle type to find ocut
the potential emissions reductions using hydrogen and fuel cell technalogy.

Choose Application: | Transportation Vl

Cheoose Vehicle Comparison: | Transit Bus ~
Enter Expected Mumber of Miles Driven: | 30000

WClick here for results

Fuel cells can ke used to provide propulsion or auxiliary power for many transportation applications.
Aside from spacecraft, which typically use alkaline fuel cells for cnkoard power, pelymer electrolyte
membrane (PENM] fuel cells are the primary type used in transportation.

TRANSPORTATION OUTPUT =

FPotential Emissions Reductions Using Hydrogen Fuel Cell Propulsion Systems VWhen
Compared To A Transit Bus

NOx (Ibs) 826.734

502 {lbs) 1.416

CO2 {Ibs) 148,329.216
Gallon Equivalent Savings 3,510

* Model assumes availability of hydrogen from renewabkle resources

Comparison of Conventional Technology to Fuel Cell Technology

Conventional Transit Bus mile per gallon 2.86
Fuel Cell Transit Bus mile per gallon equivalent T.04

22
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Case Studies

Pepperidge Farm, Bloomfield GT Expected Annual Electricity Generation
(kWh):11,431,800 combined

w LYy HanncX t SLIWISNARRIS - NI & aplftSR |

250-kW FuelCell Energy fuel cell at its Annua?lj-_'mlssmns A/(}{de&(lhgf‘)

Bloorr_lfleld, Connecticut plant. The fuc_al cell CO2 CO NOX SO?

supplied about 13% of the total electrical 114 milion 7511 5990 23.206

needs for the 260,008quare foot (sq. ft.) ' ’ ’ ’

plant. l

w LY HanyZ tSLILWSNARIS CI N¥a
second, larger, 1:2MW fuel cell, also
manufactured by FuelCell Energy, which
supplies about 57% of the total electrical
needs for the bakery. Together, the two fue
cells provide about 70% of the required
electricity and generate onsite electricity
2417,

23 1- The Business Case for Fuel Cells: Why Top Companies are Purchasing Fuel Cells Today, FuelCells 2000, September 2010
2 -http://www.ctcleanenergy.com/YourBusinessorinstitution/Commerciallnstallations/Manufacturinglnstallations/Pepperidge Farigve/é@bD efault.aspx
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Case Studies

Expected Annual Electricity Generation
(kwWh): 1,576,800

Middletown High School, Middletown CT

Annual Emissions Avoided (Ibs.)

W LY HnannyX2 I HAn |2
cO?2 CO NOX S supplied by U_TC Power o_f South Windsor,
244,404 1.036 826 3.201 Conneptlcut.lt provides approxl_mately 48% of
the estimated baseload electricity requirements
for the school and will supply heat to the
AAYYAY3I LR2t | yR GKS
system. Additionally, the fuel cell will provide
gridA Y RSLISYRSY O LIR26SNI O
function as an emergency shelter at times wher
the electric grid is unavailable.

1 - http://lwww.ctcleanenergy.com/YourBusinessorlnstitution/Commerciallnstallations/SchoolsandEducationalFacilities/Middleto@ethtigl/tabid/472/Default.aspx
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Case Studies

Emissions Avoided
It is expected that CO2 emissions wol
be reduced by approximately 34%

w LY HANGE bdz@&ENT  CPPaeip @AVEr frgmthe grid,

H. E. Butt Groceries, San Antonio,TX

B would deploy 14 Nuvera
PowerEdgE fuel cell systems for Class
2 reach trucks, along with a
PowerTapM Hydrogen Generator and
Hydrogen Station at the Perishables
Distribution Center. Funding was
provided to Nuvera from the Recovery
Act.

I — —y-

w ¢KS LINP2SEBBtogAf f
validate lifecycle cost projections,
productivity gains, and environmental
benefits of the fuel cell forklifts and
fueling infrastructure.

2 1- The Business Case for Fuel Cells: Why Top Companies are Purchasing Fuel Cells Today, FuelCells 2000, September 2010
5 2 ¢ Nuvera Press Release, June 11, 2009; http://www.nuvera.com/blog/?p=724



Case Studies

CTTransit, Hartford, GT

Possible Emission Reductions from
Replacement of a Conventional Diesel
Transit Buglbs/year)?

CO2 NOX S0O2
182,984 1,019.9 1.746

w New England's first zefemission
fuel cellpowered hybrid bus made
its debut in Connecticut on April 1(
2007. The bus immediately enteret
CTTRANSIT service and operates
the free downtown Hartford Star
Shuttle route.

w The increased efficiency of using
fuel cells and hydrogen for
transportation has resulted in
significant fuel savings. The
2LISNF GA2Y 2F (K¢
hydrogenfueled fuel cell buses will
use approximately 37,000 kg of
hydrogen each year and completel
displace approximately 49,000
gallons of diesel fuel annually.

2 6 1- Connecticut Hydrogen and Fuel Cell Deployment Transportation Strateqy2P801CT Department of Transportation and the Connecticut Center for

Advanced Technology, Inc., January 2011



