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The Northeast Experience

* Direction
« Markets
e Action
* Policy
 Results

2

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



- R

@ Dl reCt | on @Néﬁée@? Storqge

3

Goals

Clean/Low Carbon Emissions
Efficiency

Reliability

Durability

Lower Costs

Clean Energy Jobs

Market Drivers

Emissions Reductions
Renewable Integration
Energy Reliability/Resiliency
Efficiency/Cost

Economic Incentives
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Direction

Energy Flow _
30% Energy Used for C/l Heating
o imated U.S. Annual Energy Use - » Livermore
45 A’ Energy Used for %mgmrgo:s Broken gut ~108 ytlluads Laboratory
Business as Usual Projection
T =
| = \\i
f :I,; deopen ~ \ Energy
~ 28% Energy Used for Transportation
Please note, all rl'e.sult:s: p.res;-.tléc-l on this: shdeare PRELIMINARY a-nd .r.na; be .sub}et‘:.t to c..orrectitsns and/or cha;lgé;.. A cufsoﬁ
4 analysis was performed using available information and estimates of impacts due to changes to the modeled energy systems.
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energy, storage

A\l Direction
Ailr Quality (NAAQS) Nonattainment

The transportation sector releases significant quantities of hydrocarbons
(HC), carbon monoxide (CO), and nitrogen oxides (NOXx), (and particulates in
the case of diesel vehicles). Vehicles account for over 55 percent of the total
NOx emissions in the United States (U.S.)

8-Hour Ozone Nonattainment Areas (2008 Standard)

8-hour Ozone Classification

- Extreme
[ severe
[ | serious
[ ] Moderate
Nonattainment areas are indicated by color. [ ] marginal
When only a portion of a county is shown in color,
it indicates that only that part of the county is within
a nonattainment area boundary.
5 U.S. EPA,; “8-Hour Ozone Nonattainment Areas (2008 Standard);” https://www3.epa.gov/airquality/greenbook/map8hr_2008.html; 2018

Connecticut Center for Advanced Technology, Inc. www.ccat.us
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Direction
U.S. Transportation Emissions

o 28% of GHG emissions come from the transportation sector
 61% of transportation emissions come from light-duty vehicles

Agriculture
9%

N

Commercial &
Residential
11%

Transportation
28%

Medium and
- Heavy-Duty

Light-Duty
Vehicles,

Rail,
2%
Electricity Other,
28% 204

Ships & Boats
2%

Total U.S. Greenhouse Gas Emissions by Share of U.S. Transportation Sector Emissions
Economic Sector 2016 by Source (CO2)

US EPA; GHG Emissions; https://www.epa.gov/ghgemissions/sources-greenhouse-gas-emissions; 2018
6 US EPA,; “Fast Facts;” https://nepis.epa.qov/Exe/ZyPDF.cgi?Dockey=P1000NBL.pdf; 2016
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Transportation Market Targets (Fleets)

* Fleet Deployment
— FCEV (Light-Duty)
— Fuel Cell Electric Buses (FCEB)
— Specialty Fuel Cell Vehicles

« Naterial Handlers
« Airport Tugs

— Hydrogen Refueling
— Hydrogen for Energy Storage
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Northeast Region: Market Potential for Hydrogen and Fuel Cell Transportation Applications

Legend
H2 Refueling Stations

A Exlsting
A Plannsd
/% Under Corstructien

®  Flact Ownar Locations

Intorstates

RRRS 0% f He holds vith i >5200,000
X /\& or more of Households with income
I T —

Fleet Vehicle Density
~High

Low

Morthenst Fletroche

énergy sforage

NEESG is funded through a centract
wath the U.S, Small Business dministration (SBA]

Sources.

1HS Automative

R.LPolk & Ca

U.5. Cansus Bureau
Aftemative Fuels Data Center

The fleet wehicle counts are based on
companies with a total of 20 ar more
passenger vehiclee registered wihin

NY (2013}, CT{2016), MACZD16), VT(2016),
RI(2016), ME(2016), MD{Z016) & N(2016).
Flest data for NH was unavailabie.
Consequently, companies viith less than

20 vehioles are not depicted.

Saie and leased vehicles Nlave

been omitted based on avalable information
This map was produced with the
cooperation of H2USA and support
provided by the U8, S84

Disciaimer
Information presented in this map is for planning purposes
only.verlfication of fleet locations and veficle coLnts

has nat been undertaken on a site-specific basis.

No representation s to the accuracy of the data

depicted is implet

150

Great‘ér,ﬁgtdn Area

ot ®
Q‘%neemnap o

lafs, CCBY-5A

300
]

Decernbers, 2016

8

Niles

42 OperiStrEatap (and)
contributors, CC-BY-5A

Gre‘a'l%r‘ll-iaﬁ_ford Area

£ Cpenstreetiap (and) corfibitars, G-
BY-54
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Legend
H2 Refueling Stations

A Existing
A Planned
A Under Construction

®  Fieet Owner Locations
@  Current Hydrogen Users
—— Interstates
30% or more of Households with income > $200,000
0 Frect Cluster twith # of fieet vehicles)
Fleet Vehicle Density
" High

Low

Heibesrs Eeetmcheies|

energy, sforage

NEESC is funded through a contract
with the U.S. Small Business Administration (SBA)

Sources
1H8 Automotive

U Census Bureau

Alternative Fuels Data Center
Electrochemical Hydrogen Separator:
Oppartunities for Commercializaban 2009

The fiest venicie counts are based on
companies with a total of 20 or more

ssenger vehicles regrtered within
Connecticut. Consequently. companiss.
vith less than 20 vahicles ar ot depicted
Sale and leased vehickes have been omitted
based on availabie information. This map was
produced with the cooperation of HZUSA and suppert
providea by the U S. S84

Disclaimer
Information presented in this map is for planning purposes.
i d

has niot been undariaken on a site-specilic basis.

Connecticut: Market Potential for Hydrogen and Fuel Cell Transportation Applications

N representation as to the accurscy of the data CC-BY-5A
Gopicted is implied. 0 10 20
a ' © OpensStreetMap (and) contributors, CC-BY-SA
February 28, 2017 Miles

L

Hartford

AL

New Haven-Wallingford

@ OpenStreetMap (and) contributors.

Connecticut Center for Advanced Technology, Inc.
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Massachusetts: Market Potential for Hydrogen and Fuel Cell Transportation Applications

Legend
H2 Refueling Stations

A Existing
A Planned

®  Fleet Owner Locations
— Interstates

< 30% or more of Households with income > $200,000
[ Fieet Cluster (with # of flest vehicies)
Fleet Vehicle Density

we Higl

Low

Plerthoest Elecredhamicel

energy, storage

NEESC is funded through a contract
with the U.S. Small Business Administration (SBA)

Sources

[HS Automative

U8, Census Bureau
Alernative Fuels Data Center

The flest vehicie counts are based on

companies with a total of 20 or more.

passanger vehicies registerad within

Massachusetist Conseauently, comparies

with less than 20 vehicles are not depicted

Sale and leased venicles have been smitted

based on available information This map was
praduced with the cooperation of H2USA and support

@ OpenStreetMap (and)
pravided by the U.S. SBA

contributors‘{CC-BY-SA

Disclaimer

Information presented in this map is for plaming purposes
only Merffication of fieet locations and vehicie counts

has not been undariaken on a site-specic basis

No rapresentation as to the accuracy of the data

depictad is imphed

"5 OpenstreetMap (and) contributors, GG-
BY-S5A

[ 10 20 @ OpenStreetMap (ant)

contribLtors, CC-BY-SA

Fobruary 28,2017 | Miles.
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Legend
H2 Refueling Stations o .
A Existing .b
A Planned o
° © OpenStreetMap (and) L
A Under Construction contributors, CC-BY-SA
@ OpenStrestMap (and)

H2 Refueling Stations

A Existing
A Planned

—rterstates

contributars, CC-BY-SA

L]
Manhattan
o

< 30% or more of Households with income 520,000
[ Feet Cluster (with # of fleet vehicles)

Fleet Vehicle Density

s High

= Low

Perthoast Elocrochomical

energy, storage

NEESC is funded through a contract
with the U.S. Small Business Administration (SBA) © OpensStrestiap (and)

contributors, CC-BY-SA

Sources

R.L Palk & Co.

U_S. Census Bursau

Alternative Fuels Data Center
Electrochemical Hydrogen Separator;
Opportunities for Commercialization 2009

The flsat vehicke counts are based on
companies with a total of 20 of more
passenger vehicles registered within

love York. Cansequently, companies
with less than 20 vehicles are not depicted
Sala and leasad vehicles hava bean omittad
based on avallable information. This map was

th of H2USA

pr
provided by the U 5. SBA

Disclaimer:

Information presented in this map is for planning purposes.
anly Verification of fleet locations and vehicle counts.

has not been undertaken on a site-specific basis.

No representation as 1o the accuracy of the data

dapicied s mplled. 0 20 40 © OpenStreetMap (and) contributors,

@ OpenStreethap (and) CC-BY-5A

contributors, CC-BY-SA

December 5, 2016 | Miles
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Regional Transportation Targets

New Jersey: Market Potential for Hydrogen and Fuel Cell Transportation Applications

Legend
®  Fleet Owner Locations
— nterstates
X4 30% or more of Households with income > $200,000
D Fleet Cluster (with # of fleet vehicles)
Fleet Vehicle Density
- High

=Low

Noriheost Eiscrachamica

energy.storage

NEESC is funded through a contract
with the U.S. Small Business Administration (SBA)

Sources:
IHS Automative
US. Census Bureau

The fleet vehicle counts are based on
companies wilh a total of 20 or more

passanger vehicles ragistered within

New Jersey. Consequently, companies

with less than 20 vehicles sre ot depiced

Salo and leased vehicles have bean amitied

based on available information, This map was
produced wih the cooparation of H2USA and support
provided by the U.S. SBA,

Disclaimer:

Informeation presented in this map is for planning purposes
only Verification of fleat locations and vehicle counts

has not been undertaken on a site-speciic basis.

No represantation as 1o the accuracy of the data

depicled s impliad

a 20 40

December 5 2016 Miles

d=e.

Etifap:
cantributors, CC-BY-SA

Moorestown Area

© OpenStreetMap (and)
contributors, GC-BY-5A

«® B&rgen County Area
L]

enStreetMap (and)
tributors, CC-BY-SA

>

. °

®-

@ OpenStreetMap (and)

contnButars, CC-BY-5A
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Legend

®  Fleet Owner Locations.

Interstates

DF\EE\ Cluster {with # of fleet vehicles)

Fleet Vehicle Density
L High

Low

roost Elogirocharm

eriergy storage

NEESG is funded through a contract
with the U.S_ Small Business Administration (SBA)

Sources
IHS Automotive
U.S. Census Bureau

The fleet vehicle counts are based on

companies with a total of 20 or more

passenger vehicles registered within

Maine. Consequently, companies

with less than 20 vehicles are not depicted.

Sale and leased vehicles have been omitted

based on available information. This map was
produced with the caoperation of H2USA and support
provided by the LS. SBA.

Disclaimer

Information presented in this map is for planning purposes
only.Verification of fieet locations and vehicle counts

has not been undertaken on a site-specific basis.

No representation as to the accuracy of the data

depicted is implied

Maine: Market Potential for Hydrogen and Fuel Cell Tr_gnsportation Applications

Auburn - Lewigt}SH \

Lewiston

© OpenSli2Stliap (and)
contributof&: CC-BY-SA

© OpenstreeiMap (and)

0 20 40 contributors, CE-BY-SA & OpenStreetMap (and) contributors,
[ me— i)
February 28, 2017 Miles

Connecticut Center for Advanced Technology, Inc.
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Rhode Island: Market Potential for Hydrogen and Fuel Cell Transportation Applications "

Legend

®  Flest Quner Locations

Interstates.

22422 30% or more of Households with income 5200,000

D Fleet Cluster (with # of fleet vehicles)

Fleet Viehicle Density
-~ High

= Low

Norheast

énergy. storage

NEESG is funded through a contract
with the U.S. Small Business Administration (SBA)

Sources:
IHS Automative
U.S. Gensus Bureau

The fleet vehicle counts are based on
companies vith a fatal of 20 or more

passenger vehicles registered within

Rhode lsland. Consequently, companies

wilh less than 20 vehicles are nol depicted.

Sale and leased vehicles have been omitied

based on available information, This map was
produced with the cooperation of H2USA and support
provided by the U.S. SBA.

Disclaimer:

Information preserted i this map s for panving purposes
anly Verification of fleet locations and vehicle

has not been undertaken on a site-specific hES\S

No representation as 1o the accuracy of the data

depicied is implied

Docember 52016, i

W et
Providence:= Woonsocket

@ OpenStreatMap (and) cuntnt@lur
€C-8Y;SA, .1

st Warwi '
)

. 1
Wamickfﬁ\lrea

; -.’ Warwick

o OpenStreetMap (and) contributors,
CC-BY-5A

H
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Legend
L] Fleet Owner Locations
Interstates

E Fleet Cluster (with # of fieet vehicles)

Fleet Vehicle Denslty
we— High

= Low

&”@hé‘rﬁy Storage

NEESC is funded thraugh a contract
with the U.S. Small Business Administration (SBA)

Sources:
IHS Automative
U.S. Census Bureau

The flest vehicle counts are basad on

companies with a total of 20 or more

passenger vehicles registered within

Vermanl. Consequently, companies

with less than 20 vehicles are not depicted.

Sale and lassad uahicies have baen omittsd

based on avallable information, This map was
produced with the cooperation of H2USA and support
provided by the U.S. SBA.

Disclaimer-

anly Verification of fieet locations and vehicle

o2 Fiot basn uncedaken on & sts-epecl baas,
No representation as 10 the accuracy of the data
depicled is implied.

March 29, 2017

Information preserted 1 Ihismap s fo planning purposes

Vermont: Markef@gtegtialioL Hydrogen and Fuel Ce“l‘rl Transportation Applications

Burlington,

@ OpenStreetMap (and) contributors, CC-
BY-SA

Montpelier Area

© OpensireetMap (and) contributors,
-BY-SA

Connecticut Center for Advanced Technology, Inc.

www.ccat.us



Northeast Elecirochemical

Markets Pl cnergy storage
Regional Transportation Targets '

Maryland: Market Potential for Hydrogen and Fuel Cell Transportation Applications

Legend

®  Flaet Cuner Locatians

Interstates

3% or mare of Houscholds with inzeme >6200,000

DFlccl Cluster {with # af flect vehiclos)

Fleet Vehicle Density
o High

-Low

Plerect Flactocneevicel.

energy storage

NEESC I¢ funded through a contract
with the U 5. Small Business Administration iSBA)

[H5 Aulomclive

12 Pt veh cle counts sre cesed o
mpEnles Wi ka1 o 20 3 nore
passsnger e~ cles registerse. within

o sl Ganseques Iy, oompani

il e than 260 s cles ars not deri
il vl = been st
i iy wirs
cmaparsho- of HZ IS ane supaort
EE

i prseniad in s e i T plan 1g puipesss
8 zoune.

by ity 153 - @ OpenStreettap (andj cantributars, CC-BY-8A

depicd 12 13 e
a 20 40
——————————)

Decamber §, 2016 Miles
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Northeast Fleet Market Opportunities

Regional FCEV and Hydrogen Market Opportunities
State Total Fleets Fleet Deployment Goals Supporting
Vehicles State Buses Vehicles | State | Buses | Total | Infrastructure
Maine 2918 6,960 153 67 70 7 144 | B
Connecticut 11,725 4.000 921 508 40 43 591 6—7
New York 43 631 18,708 7,458 1851 187 349 2,387 18 —-23
Massachusefts 17,602 10,072 1,796 722 101 24 907 7-9
Rhode Island 3,651 2026 291 151 20 14 185 =
New Jersey 69.194 13,000 2,970 3102 130 139 3,371 31 -34
Vermont 1,966 2,030 86 72 20 4 96 1-2
New Hampshire - 2023 113 - 20 5 25 1-2
Maryland 20,551 8,800 1,780 872 88 83 1,043 8—-10
Region 171,238 67,619 15,568 7,345 676 728 8,749 74 — 89

« 8,749 Fuel Cell ZEVs (Projected)
— 7,345 Passenger Vehicles

— 676 State Passenger Vehicles
— 728 transit/paratransit buses (FCEB)

« 74 to 89 hydrogen refueling stations

17
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Action

Economy of Scale: Implementation of Roadmap Targets

VW Allocation | - Allocation for CAPEX Application Cos.t peir Quantity Cost per state Subsidy Cost after Cost per State Cost /'-\f.ter Subsidies
(2.0L+3.0L) EVSE Application Incentives Subsidies
* Transit buses (FCEB) $1,000,000 43 $43,000,000 85% $6,450,000
Connecticut | FCEV LDV State $15,800 48 $758,400 $758,400
e FCEV LDV Private $15,800 500 $7,900,000 $5,000 $5,400,000 peRERio) [ ol e e
$55,721,170, 15%| e H, Fueling $2,000,000 6 $12,000,000 23% $9,241,802
e Transit buses (FCEB) $1,000,000 7 $7,000,000 85% $1,050,000
Maine e FCEV LDV State $15,800 70 $1,106,000 $1,106,000
¢ FCEV LDV Private $15,800 67 $1,058,600 $1,058,600 511,164,600 | 54,547,933 | 56,616,667
$21,053,064 15%| e H, Fueling $2,000,000 1 $1,333,333
* Transit buses (FCEB) $1,000,000 84 $12,600,000
Massachusetts |e FCEV LDV State $15,800 $1,595,800
e FCEV LDV Private $15,800 $2,500 $9,602,600 511,003,400 | 534,082,711 | 576,920,689
$75,064,424, 15%| ¢ H, Fueling $2,000,000 27% $10,284,311
X e Transit buses (FCEB) $5,000,000 85% $750,000
New Hamshire
e FCEV LDV State $316,000 $316,000 $7,316,000 | $3,066,000 | $4,250,000
$30,914,841 S0 H, Fueling $2,000,000 0% $2,000,000
e Transit buses (FCEB) $14,000,000 85% $2,100,000
Rhode Island |* FCEV LDV State $316,000 $316,000 418701800 | 25950128 | 12751672
e FCEV LDV Privat $2,385,800 $2,500 $2,008,300 o T T
$14,368,858, 10%|* H, Fueling ,000,000 1 $2,000,000 24% $1,525,828
e Transit s (FCE $1,000,000 4 $4,000,000 85% $600,000
Vermont o F $15,800 20 $316,000 $316,000
«@CEv te $15,800 72 $1,137,600 $1,137,600 37,453,600 | 93,386,934 | 54,066,666
$18,692,130, 15%)| e ling $2,000,000 1 $2,000,000 33% $1,333,334
* Trangt buses (FCEB) $1,000,000 349 $349,000,000 85% $52,350,000
New York e FCEV LDV State $15,800 187 $2,954,600 $2,954,600
e FCEV LDV Private $15,800 1851 $29,245,800 $5,000 $19,990,800 SAALEED || ARG | SV PIRPES
$127,701,807 15%| e H, Fueling $2,000,000 18 $36,000,000 18% $29,678,761
* Transit buses (FCEB) $1,000,000 139 $139,000,000 85% $20,850,000
New Jersey |e FCEV LDV State $15,800 130 $2,054,000 $2,054,000
e FCEV LDV Private $15,800 3102 $49,011,600 $49,011,600 5252,065,600 | $130,340,918 | $121,724,682
$72,215,805 15%| e H, Fueling $2,000,000 31 $62,000,000 6% $58,425,318

18
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Market Plannmg Roadmaps (Updated 2018)

Economic impacts (jobs, revenue, companies)
Technology, Applications, and Markets
Stationary and Transportation Deployment Targets

Policy and Drivers = o —
W s !! 2

o0 Job Development
o Energy Reliability
o Storm Preparation
o Environmental

o Carbon Control

o0 Energy Cost

19

Connecticut Center for Advanced Technology, Inc. 7 www.ccat.us



20

Al Action

Nonhecsl Eledrochem ical

Regional FCEV Deployment

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

Developed for 9 states

— Northeast states including Maryland

ZEV Deployment Targets

Northeast Regional
Hydrogen Economy

— Fleets, early market adopters, hydrogen users, "W, ®  Fuel Cell Electric Vehicle
. . . .~ "\ — & ¢ Fleet Deployment Plan
hydrogen refueling, proximity to highways, etc ZeroEmision Vs

Hydrogen Infrastructure
Policy and Drivers

Plan Expandable to Include:
— OEM survey data
— NREL modeling

— Subset of National Roadmap

— Additional states
State Roadmaps (8 states)

Climate and Energy

2018

Hydrogen and Fuel Cell Developmen

Connecticut Center for Advanced Technology, Inc. www.ccat.us
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Implementation of Fleet Deployment Plan

Analysis

« Economic analyses/modeling for 2018 (state/regional engagement)
« Market projections and guidance (OEMs/DOE)

* Business Case Analysis for FCEBs, FCEVs and hydrogen fueling

o DOT alternative fuel corridor designation

« 8-State “ZEV” MOU (FCEV and H2 refueling)

Financing
* H, infrastructure (financing and development models)
VW Settlement, FTA, EPA DERA, States’ resources

Coordination for Deployment (public/private partnership)
» State RFPs (State Roadmaps)
« Safety Reviews / Education and Awareness (Hydrogen Safety Panel)

* Regional Technical Exchange Centers
21
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Hydrogen Safety Panel

Action

Safety reviews

Safety guidance

Project design and safety plans
Safety knowledge and best practices
Incident investigations

g T8
e =l *
Statior

22
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National Technical Exchange Centers

e Supply Chain Database E
* Supply Chain Exchange LOBSTICS 5 NETWORK = oo
* Standardization SU PPLY anes e~ RESOURCES
IMANAGEMENT raw
. PROCESS A = SToRAGE . 2 X
M ARK"EL.’*[””'”GQ — =-Fum:nnw§ SE
NVENTORY q SYSTEMEE
el - COMPONENT 51
= PEQ&EE

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)

23
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Al Policy

States Transportation Policy Summary

State Energy Policy/Incentives for ZEV Transportation

ME' NH VT -Rl CT NY NJ MD

Zero Emission Vehicle (ZEV) Program (FCEV/H; Infrastructure)
ZEV Purchase Target for State Government Fleets (TBD)

Purchase Incentives/’Point-of-Purchase” Rebates

Fuel Incentives

Time of Day Rates/Variable Peak Pricing

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

Refueling Infrastructure Incentives
REC Available for Renewable H-

Tax Incentives

HOV Lanes and Parking Incentives

One Stop Regulatory Approval

Identified State “Point” Person

NEESC Development Plan Market Potential

ME NH vT [MBRICT NY NJ MD

Stationary Fuel Cell (MW, low/high range) 87 | 74 | 58 | 250 | 52 | 170 [1,131( 214

Transportation FCEV (near-term number of vehicles) 137 [ 20 [ 92 [823 | 171 | 548 |2,038 | 3,232 | 960

Transportation Fuel Cell Electric Bus (near-term number of vehicles) 7 5 | 4 |84 | 14 | 43 [ 349 | 139 | 83
24 Refueling Stations (low/high range) A AEAA A A

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

U

Results

—_—

e Direction/Goals
 Market/Target

o Action/Implementation
* Policy/Incentives
 Results/Public Value

e 16+ stations planned/existing
In the Northeast US

25 AFDC; https://lwww.afdc.energy.gov/fuels/stations_counts.html
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Joel M. Rinebold
Connecticut Center for Advanced Technology
Irinebold@ccat.us
(860) 291-8832
www.ccat.us
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