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AT Ene rgy Goals energy storage

* Clean/Low Carbon Emissions
* Reliability

 Durability

 Lower Costs

« Clean Energy Jobs

Connecticut Center for Advanced Technology, Inc. 4 www.ccat.us
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2015 Hydrogen and Fuel Cell Development

Plans:
Economic impacts (jobs, revenue, companies)
*Technology, Applications, and Markets

«Stationary and Transportation Deployment Targets

DDDDD

*Policy and Drivers
o Job Development
o Energy Reliability
o Storm Preparation
o Environmental/ZEV
o Carbon Control
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A\l Roadmap Targets

Education

Food Sales/Services

Inpatient Healthcare

Lodging

Public Order & Safety

Energy Intensive Industries
Government Operated Buildings
Telecommunication Facilities
Military, Airports, and Ports

Northeast Electrochemical
&energx.ﬂomge

Wastewater Treatment Plants and Landfills

Fleet Vehicles
H, Refueling

Connecticut Center for Advanced Technology, Inc.
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[ Public Stationary Targets

Legend
-
k3 Landfills <

s Correctional Facility

* Federally Owned Building
+ Hospitals
Military Airports
Military Bases
° Wastewater Treatment Pl
[ Public Schools (With CHF
Colleges
Interstate
Area Not Served by Natural Gas

Area Served by Natural Gas

Sources:

U.S. Census Bureau

U.S. General Services Administration

U.S. Environmental Protection Agency

OpenStreetMap

HighSchools.com

ReferenceUSA

usamilitarybenefits.com

Federal Aviation Administration

www.usamilitarybenefits.com Northeast Electrochemical

Northeast Gas Association en ergy Sto rog e
Cluster

Footnotes:

1) Public schools with combined heat and power potential indicate

public schools that house swimming pools. } .

. Produced wtih support provided by the U.S. SBA

isclaimer:
Information presented in this map is for planning purposes only. Verification of
potential sites and their energy consumption has not been undertaken on a site-

0 120 240
Miles
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[ Private Stationary Targets

Legend

+ Commercial Airports

Convalescent Homes (200+ Bed Count)

] Food Sales (150+ Employees)

A Energy Intensive Industry (100+ Employees)
Interstate

’ » Area Not Served by Natural Gas

\ Area Served by Natural Gas

Sources:

U.S. Census Bureau
ReferenceUSA
AssistedLivingList.com
altiusdirectoy.com

Federal Aviation Administration
Northeast Gas Association

Northeast Elecirochemical

energy, storage

Disclaimer:
Information presented in this map is for planning purposes only. Verification of
potential sites and their energy consumption has not been undertaken on a sitespecific
basis. No representation as to the accuracy of the data depicted is implied.

0 120 240
Viles ‘

Produced wtih support provided by the U.S. SBA
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Target Priorities: New York City Metro, Boston Metro and Hart

[ Transportation Targets

Northeast Electrochemical

&iergy, storage

ford Metro

APPENDIX I - Figure 1

Legend

H2 Refueling Stations
A Existing

A Planned

— Interstates
* Fleet Owner Locations
DFleel Clusters (Passenger Vehicles)
524 30% or more of Households with income > $200,000
Total P ger Fleet Vehicles by C Tract
j No Data
I 20 - 300
[l 307 - 1000

[l 1001 - 22000

énergy. sforage

Produced with support of the U.S. SBA

Sources:

R. L. Pok & Co.

U.S. Census Bureau
Altemative Fuels Data Center

The fleet vehicle counts are based on
companies with a total of 20 or more
passenger vehicles registered within

NY, CT, MA, VT, RI, ME, MD & NJ. Fleet
data for NH was unavailable.
Consequently. companies with less than
20 vehicles are not depicted. Most rental
and leased vehicles have been omitted.
This map was produced with the
cooperation of SBA.

Disclaimer:
Information presented in this map is for planning purposes only.
Verification of potential sites and their energy consumption has not

(- Open StreetMap (and).

toptributors, €C-BY-SA §

%,,
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%

'N;Y,& NJ7 Hempstead\
. y ., -

. 2

. reelMePyand)  +
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Northeast Region: Potential Hydrogen and Fuel Cell Applications for Transportation

been on a site-specific basis, No asto
the accuracy of the data depicted is implied
0 100 200 300 Open StreetMap (and) contnibutors, CC-
Miles A
March. 2015
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A A TDePloyment Recommendations &“%hﬁ%?éﬁjimrcgj

Stationary (ME, NH, VT, MA, RI, CT, NY, NJ)
« 1,313 to 1,753 MW fuel cell electric generation (2025)

Transportation (ME, NH, VT, MA, RI, CT, NY, NJ, MD)
« 14,380 FCEVs (Projected)

— 13,684 Passenger Venhicles
« 680 FCEVs for State fleets

— 696 transit/paratransit buses(FCEB)
« 135 to 152 hydrogen refueling stations

Connecticut Center for Advanced Technology, Inc. 10 www.ccat.us
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luster

WAl Execution

Next Steps:

e Industry Coordination

Technical Information Exchange

Supply Chain Management

Environmental Performance (GHG Reduction)
Policy

o Transportation

o Stationary

Financing

Deployment

T ———

Connecticut Center for Advanced Technology, Inc. 11 www.ccat.us



Al Northeast Economic Value* &“%“ﬁ“é?éia;romge

« Supply Chain:
« Total Employment: 5,770 (60% U.S; 17% global)
» Total Supply Chain Companies : 1,179
« Total OEMSs: 30

 Total Annual Revenue and Investment:
« $1.2 Billion ($508 Million = Direct)
» Awarded over $540 million over the last 5 years

« Total Jobs (Direct, indirect, and induced):
e 5,770

* NEESC regional 2012 baseline data includes ME, MA, VT, RI, CT, NH, NY, NJ

Connecticut Center for Advanced Technology, Inc. www.ccat.us



Regional

What are the best drivers/opportunities for
deployment?

[] Energy Resiliency (24%)

H Renewable Integration
(50%)

O Emission reductions
@ Economic incentives

O Electricity markets

B No drivers/storage not needed

What are the biggest market constraints?

[] Comp. from lower cost
option (35%)

ONot enough regulatory control

[ Tech. Not Proven (31%)

B Technology not adequately
marketed

2%

O Storage not adequately monetized

2% B Interconnection/codes & standards

Industry Survey
rivers an

Northeast Electrochemical

ets _
National

What are the best drivers for deployment of
hydrogen and fuel cell technology?

O Energy reliability/resiliency

B Renewable Energy Markets

[ Emissions reduction (28%)
O Reduce dependency on fossil fuels

[] Jobs & the Economy (24%)

3% B Image

What is the most significant market constraint

affecting the use of hydrogen and fuel cell
technology?

4% [ Lower Cost Options (42%)

1% @ Not enough regulatory control

OTechnology not adequately proven

B Technology not adequately marketed

[] Benefits not adequately
monetized (41%)

O Interconnection/codes & standards

Connecticut Center for Advanced Technology, Inc. 13

www.ccat.us
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AClIon ana

Regional

What needs to be done?

[ Reduce Cost (28%)

O Utilities must ratebase storage
technologies

I State and federal government
incentives
OMandates
[] Monetize value (26%)

B Nothing

What should the Federal and state governments do
to facilitate integration?

P ] Funding for R&D (20%)

B incentives (40%)

[C] Marketing Guidance (20%)

O Regulatory guidance for renewables
B Mandates

O Nothing

utions
National

How can more fuel cells be deployed?

O Utility planning (electric and gas)
B Education/marketing

O State mandates/incentives

[ Federal mandates/incentives
(36%)

[] Price/market signals (24%)

What should the Federal and state governments do
to facilitate deployment?

O Funding for research
O Market valuation/monetization
B Regulatory guidance for renewables

4%
O Mandates

[ Incentives (19%)
[ infrastructure Dev. (49%)

Connecticut Center for Advanced Technology, Inc. 14

www.ccat.us
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* Tech-Transfer/R&D
«  Manufacturing

« OEM/Supply Chain
* Government/ POIiCy Infrastructure Development

e s
W i

Regional Supply Chain

Batteries

Components
Abrasives
Air
Cables and wires
Casters and wheels
Catalyst
Ceramic
Electrical
Electronic

Hydraulics
Industrial
Miscellaneous

Industry Networking Online Database

Connecticut Center for Advanced Technology, Inc. 15 www.ccat.us
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Northeast Electror
% énergy storage

Next Steps
DOE Guidance

« National Technical Exchange Centers £S5
« Distribution of Component Specifications - ==
o g LOGISTI n.NETWURK CDNVERSIDN
MANAG&M&RNIWLEX
MARKET & =,
INVENTORY < SYSTEM§§
el - COMPONENT 51
€D PEOPLES
UUSTGMEHQ

PARTNERS/COLLABORATORS

» Ohio Fuel Cell Coalition (OFCC)

» National Renewable Energy Lab (NREL)

» National Fuel Cell Research Center (NFCRC) at UC Irvine
« Connecticut Center for Advanced Technology (CCAT)

Connecticut Center for Advanced Technology, Inc. 16 www.ccat.us
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2 Hopewell

901 DLLC

A&P Trucking Co Inc.

AE. ElectricL L C

AA Precision Machine Company, Inc.
AAA Aircraft

Aaron [ Andersen Advertising LLC

Supply Chain Database Search

Supplier Category| search all Y
Sub-Category Search All »
Search || Reset

2 Hopewell Rfflad South Glastenbury 06073 cT
360 Route 5 Tallman 10982 NY
106 Pent H Wallingford 06432 cT
89 N Plaingllndustrial Road # D Wallingford 06432 cT
300 Currafit Road Fall River 02720 Massachusetts
68 Shakeff Road Enfield 06082 cT
483 Magichester Rd East Glastonbury 06025 cT

2hopewell.com

www.901d.com

www.aaprecisionmachine.com
www.aaa-aircraft.com

aaronandersenadv.com

show on map

s on map
show on map
show on map
show on map
show on map

next page >»

14 Supply Products/100 Categories

Supplier Categor
Sub-Category

Fial Road # D

17

Search || Reset

y|search all v

Compeonents

Consulting | Legal | Financial Services
Engineering | Design Services

Equipment

FC | H2 System Distr. | Install | IMaink Service
Fuel

Fuel Cell Stack or Syskem OEM

Hydrogen System OEIM

_ Lab or Test Equipment | Services
IManuFacturing Services

Marketing Products | Services

Materials

Other

Research and Development

Transportation | Packaging | Shipping Services

Fall Bivar N2720

|
|
’ |

" 4

S @

tain

(D) Ros

Geocoded/

y 4
4

ky Hill

Mapped

Manchester

\)

Marlborough

'Connecticut Center for Advanced Technology, Inc.

www.ccat.us



A Environmental Performance

Northeast Electrochemical
&energmtomge

« Passenger car GHG emissions could be reduced by 4.75 metric

tons CO,E /vehiclelyear.

* Transit bus GHG emissions could be displaced 65 to 163 metric

tons CO,E /vehiclelyear.

Vehicles Type Number of

Vehicles

Reduction Per Vehicle

(MT/yr.)

Potential GHG
Reduction (MT/yr.)

Passenger Car | 13,684 4.75 64,999

State Fleets 680 4.75 3,230

Transit Bus 696 65 to 163 45,240 to 113,448
All 14,380 N/A 113,469 to 181,677

« If all goals are achieved total regional GHG reductions could
amount to 113,469 to 181,677 metric tons CO,E/year.

18

Connecticut Center for Advanced Technology, Inc.

18 www.ccat.us
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Al Policy (Stationary)

ME NH VT -RI cT NY [NJ

State Energy Policy/Incentives for Stationary Fuel Cells
Mandatory Renewable Portfolio Standard (RPS)

Net Metering
Public Benefits Fund

Performance-Based Power Purchase

Utility Ownership/Investment

State Grant Program

State Loan Programs

Microgrid Reliability Program

Property Tax Incentive (Commercial)

Sales Tax Incentive

Property-Assessed Clean Energy (PACE) Financing

One Stop Regulatory Approval

Identified State “Point” Person

|Eligihle Eligible if Renewable

Connecticut Center for Advanced Technology, Inc. 19 www.ccat.us
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A\l Policy (Transportation)

—

ME MH T - Bl T kY EES MDD
State Energy Policy/lncentives for Hydrogen Transportation

Zero Emission Wehicle (ZEV) Program (FCEY/H; Infrastructure)

ZEY Purchase Targetfor State Govemment Fleets (TED)

Purchase Incentives/"Pointof-Furchase" Febates

Fuel Incentives

Public/Private Infrastructure Partnership
Fuel Efficiency Standard (Private/State Fleets)
Refueling Infrastructure Incentives

FEC Awvzilable for Renewable Hs;

Tax Incentives

HOY Lanes and Parking Incentives

One Stop Regulatory Approval
[dentified State "Point" Person

\Eligihle Eligible f Renewabls

Connecticut Center for Advanced Technology, Inc. 20 www.ccat.us
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Fuel Cell Passenger Vehicle: Hydrogen Vehicle-Refueling Station Business-to-Business Model

© About

H2FAST

Straight Lease
Wrfurling Statian fonnmic I_ Pricing Car [ Curtomer Tumetie 1 Teaiing Ariumptant Stati I ts
Eefusing Station I Porchasa Brace (/g 5 Fvarogen FEVehin Coat Pacs Dableraneg = Grott Wbt (5] I =3 o Dirabes Cont &F Cocital T ation Inpu
vroges P Venice Grant (5} 72 Fvenicis s iuaie) 200,000
[eiesig Stution Nz Sole oice 5/k0) ¢ hariber o Leite Parmerts L Installation time [months] @ 8 ———
Comverional Vehicle o 1o Dealership + Graas Margin (5} 25,000 “ehicle Duty Cycle Tor —
favens peat 150gs s e overtionsl Venile Grsst () I Wit P Tiie 25000 -
- ————
Demand ramp-up [years] =
et sing Station Cost 5] £ 1,000,000 et Dratersni Cos Bramiam (51 5.000
smber of Tears o Payback s Station type: | Delivered Gaseous H2 v |
Corertlonal veRTe Tar e e Ve Woriny Cov e T R T e
implied Hysirogen Sales Per Vear (kg] e Tonwtnbnal Vehicis Mueage (mpgH 3 Car Paymenn 3 AOTGE Lo entimal Manthly Leass Fayment (NG Fatl] T I ) L
g Per dary [ Vehicle 108 Galions of Fusl Coniurmes Anraally 100 Futl Carits ERETHEH caveritional Vebacle Morthiy Fual Costs $ 33033 Long-term statien utilization [%]:
\ntes Per Dy £ Conventional Venke Fuel (5/gamon) s aoe
suesal Rt Per ehicte 5 1sss Amescal Comventional Fuel Costs i5) 5 4000 Tor s 7 foonusnnicnal Lesse Fayment With Fued 5 62942 Vehicle refills [refills/day]:
Total Revenue far Al Vebicies (S vear) 5 515515 Camentionsl Vehine Fugl Canis (Smis) s pas
Tatal Gross Frase (5/vear) s aam -
s T - Hydrogen per refill [kgl:
Fel Cel Wehicle Car Fuel el Vehicle Whomihiy Costs (5) FOW Montdy Lesie (51
Fydrogen I Vehicie Mieage per by [MPGE) [ Car Payment 4 amnis OV Wamhly Lease Payment iHi fue) 5 38500 Total capacity [kgl.fd ay];
Veyimigen P Vihatie ERrgy Consumed () 388 Fusel Cams 5 2203 FCV manthey Venicie Futl Costs § 20038
Hyeivaggen £C Veicte Fue! (5/kgh s roe )
Anrezsl Mysmapen Fatl Costa (5] 5 LbE Total -1 FCV Leate Payment With Frgs Hydrogen price [S.-'l kg]:
hsintens nee Cadt Premiam |5/mat) MA
Anual Mantenyace Cest Pramum (5] NA : . L
eieengen Vshicie Pl Covts (5/mie) 5 011 Eq uipment capltal cost [S]
Summare Car et Customer BeneTit From Bwyig o FCV Sl Customer Bewe it Fiom OV Leate Total installation cost [S]
Annatl Sangs (51 5 108
S Price Premium Simpi Paybace (¥ean) Py — ennenan Less Trem Comvenpanat Planned and unplanned
Vahicta Life (Mdes) 200,006 E
iEnicts Ui o Achizve Paybics (M) 95 500 0&M costs [S/yr]:
Scenario Inputs
Mstes for wehicke biry matel:

121 Babed o Selivery of mopeommately 200 kgiaw.

11 CoSH i eacess F DU ENTEned FERSERE SIATISA PrICE wouM be SUBISTRE By BOVeIMmEnt (RS 8¢ the vehicie fefusing would Be fesifed 18 Lenar sare vehicied wih [reaser sales

3] Ay mes cagabiny 10 Browide wE 10 40 g how o7 peak refueing needs.

4] Viehaies Supparied ansusaly fefers 10 the minisrm sumber of vwehi

> W XIUI

03 13 SPpan the ng st

Hydrogen Refueling Station

Average Daily Dispensing Rate = 50-6000 kg
Station Operating Hours = 6 AM to Midnight
Awerage Vehicle Fill = 4.6 kg
Average Vehicle Refueling Time = 2.76 minutes
Average Vehicle Lingering Time = 2.24 minutes
Wehicle Refueling Pressure = 5000 psi
Cascade Charging System Maximum Pressure = 6250 psi
Cascade Charging System Minimum Pressure

high pressure vessel = 6000 psi

medium pressure vessel = 4350 psi

low pressure vessel = 2000 psi
Pipeline Supply Pressure = 300 psi

"Low" Pressure Storage Pressure = 2500 psi

Capital incentive [S/station]:

Initial production incentive [$/station]:

Annual decrement of production
incentive [5/station]:

Incidental revenue [S/year]

Cost of delivered hydrogen [S/kg]

Cost of electricity [$/kWh]

Cost of natural gas [S/mmBTU]

Financing Inputs

Debt interest rate [%]: O & —{r———

O | —(——

Minimurn debt to equity ratio:

DOE H2A Delivery Analysis

'Connecticut Center for Advanced Technology, Inc.

21 www.ccat.us
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an

Joel M. Rinebold
Connecticut Center for Advanced Technology
[rinebold@ccat.us
(860) 291- 8832
www.ccat.us

DOE Host: Peter Devlin (Peter.Devlin @ee.doe.goV)

Webinar Recording and Slides:
(http://energy.gov/eere/fuelcells/webinars)
Newsletter Signup
(http://energy.gov/eere/fuelcells/subscribe-news-and-
financial-opportunity-updates)

Connecticut Center for Advanced Technology, Inc. www.ccat.us
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Extra Slides
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Regional Fuel Cell Electric Vehicle Fleet Deployment Plan

Developed for 9 states
— Northeast states including Maryland

« ZEV Deployment Targets

— Early market adopters, fleets, hydrogen users,

hydrogen refueling, proximity to highways, etc
« Hydrogen Infrastructure
» Policy and Drivers
* Plan Expandable to Include:
— OEM survey data
— NREL modeling

— Subset of National Roadmap
— Additional states

Consistent with goals of H2USA, NESCAUM, and the 8 State MOU Action Plan

DRAFT

Northeast Regional
Hydrogen Economy

Fuel Cell Electric Vehicle
f Fleet Deployment Plan

Zero Emission Vehicles
Climate and Energy
Low Carbon Fuel

Connecticut Center for Advanced Technology, Inc. 25 www.ccat.us
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APPENDIXI - Figure 2

Legend
® Fleet Owner Locations
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Maine: Potential Hydrogen and Fuel Cell Applications for Transportation

'Connecticut Center for Advanced Technology, Inc.
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APPENDIXI - Figure 3

Connecticut: Potential Hydrogen and Fuel Cell Applications for Transportation

Legend
H2 Refueling Stations
Status
/A Existing
A Pranned
® Fleet Owner Locations
@ Cument Hydrogen Users
= [nterstates
DFleet Clusters (Passenger \ehicles)

[% 30% or more of Households with income > $200,000

Total Passenger Fleet Vehicles

[ InoData
20 - 100
Il 101- 500
01 - 1000

Pecythent Eecrodherricd

energy storage

e

Produced wtih suppert provided by the U.5. SBA

Sources:

R L Polk & Co.

U.S. Census Bureau

Alternative Fuels Data Center

Blectrochemical Hydrogen Separator: Opportunities
for Commercialization 2008

The fieet vehicle counts are based on
‘companies with a total of 20 or mare
passenger vehicles registerad within
r- icut. C i

with less than 20 vehicles are not depicted.
Most rental and leased vehicles have

been omitted. This map was produced with the
cooperation of HXUSA and SBA.

Cisclaimer:
Information presanted in this map is for planning purposes only.
erification of potential sites and their emergy consumption has not
been undertaken on a site-specific basis. Mo representation as to
the accuracy of the data depicted is implied.

] 10

January. 2015 | Mies

+300
4 &

N

© OpenStrestMap (and)
contributors, CC-BY-5A,

B £ OpenSireatMap (and)
ocontributors, CC-BY-58

/. *% @ OpenStrestiap (and)
contributors, GC-BY-SA

: Y |-@--.Ws_
<2 New H@iyen Ffre_a :

© OpenStretiap (and) contribuiors, CC-EY-SA
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APPENDIXI - Figure 4

Legend
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Al Refueling Options

* Electrolysis
— Solar

— Wind
« WWTPs
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« CHHP
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Electrolysis

Solar-Powered Electrolysis

CHHP (Tri-generation)
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