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EXECUTIVE SUMMARY

Zero emission hydrogeRuel Cell Electric \¢hicles(FCEV) are technically available, reliable,
andare or aresoon to becost competitive with other zero emission transportation applications
including battery electric vehiclgBEV). HydrogenFCEYV offer quiet and efficient operations

with extra valueto increase fuel diversity, transportation reliabjlitgnd environmental
performancencludinga reduction o€arbon dioxide (C@emissionsin addition, the supply chain

to manufacture fuel cell technology, hydrogen fuel, hydrogen distribution, and hydrogen refueling
can support advanced clean energy employn@nicreationand economic development.

The hydrogenapplicationsfor zero emissiofrCEV transportation thaappear to be competitive
now or will be within the next decadleclude:

Large commercial flestwith longdriving range vehicle (400 mile / 650 Km) routes
SUV passenger vehiclegith longdriving range (375 mile / 600 Km) routes
Mid-sizedvehicleswith long driving range (250 mile / 400 i) routes

Busesfor long distanceZ80mile / 450 Km)urbanroutes

Bus coachsfor long haul (310 mile / 500 Km) routes

Forklift material handling with 2 X8-hourshifts and 10 kW motor power
Medium-duty trucks with long range (310 mile / 500 Km) rouitzsd

Heavy-duty longhaul trucks and with long range (375 mile / 600 Km) estit
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Fleets are especially wedlited for hydrogerapplicationsdue to high utilization of refueling
infrastructure and &vorableeconomy of scale to produce fuel cell and hydrogen components.
Applications that will be challenged include small passenger vehicleshfot rangeurban
transportation which will compete wiBEV technology, commuter trains where existing catenary
systens have electric infrastructure already in place, aircraft where other fueling systems including
biodiesel may be a more competitive alternative for low carbon fuedind shipping where
infrastructure for electric rechargimxistsand use of biodiesel ay providea more competitive
alternative.

Hydrogen fueling will be possible with hydrogen produced on site potentially powered with
renewable energy or withydrogen produced from central production facilitieth delivery from
specialty vehicles Delivery of hydrogen through dedicategidrogen pipelinesr blended with
natural gas imxisting natural gas pipelisgith subsequent separation of the hydrogen for market
usersmay be possible with an increased economy of scale lzeld decarbonizesnergy
infrastructure

Cost competitiveness is primarily due to
1 A growingeconomy of scale fothe manufactureof fuel cell units andhydrogen storage
tanks onFCEVSs
9 Targetcostfor production of lowcost hydrogermerivedfrom diverse domestic resources
estimated aless than $2.00/kgith a delivered and dispensed cost of $4.00/kg

1 path to hydrogen competitiveness, A cost comparison, Hydrogen Council, January 20, 2020.
2 DOE Hydrogen and Fuel Cells Programnnual Progress Report’
https://www.hydrogen.energy.gov/annual_progress19_h2fuel.htrg#i 2020.


https://www.hydrogen.energy.gov/annual_progress19_h2fuel.html#b

1 Futureprodudion of hydrogen at $2/kg by 2025 and $1/kg by 2030 viazeet-carbon
pathways, in support of thdydrogen Energy Earthshgbal of reducing the cost of clean
hydrogen by 80% to $1 per 1 kilogram in 1 decade ("1 £ 1")

1 High volume production ofenewable hydrogeproduced withow costelectricity from
wind and solar energyay further reduce the cost of hydrogen and increase the utilization
of renewable energy faciliti¢'s

1 Lowercost transportation and distribution of hydrogeth anincreasd economy of scale
for transportéion and deliveryand

1 High utilization ofcentralized hydrogen refueling systemvith capacity growing to 1,000
kg/dayper refueling station.

While the deployment dfCEVsmay be technically viable at many locations for many different
types of users anelarly market adopters, this plan focuses on hydrogen and fuel cell applications
that are both technically and economically viatole public andprivate fleet users With input

from the US Department of EnergWational Renewable Energy Labatory, the Connecticut
Center for Advanced Technolognd the Northeast Electrochemical Energy Storage Cluster, this
MichiganHydrogenandFuel Cell Electric Vehicle Deployment PlaH2 FCEV Roadmap 2@
recommendsitial developnent of the following market opportunities for vehicles and supporting
hydrogen infrastructure to meet economic, environmental, and energy needs:

1 1,238 FCEVs (581 state passenger fleet vehicles),
1 37 transit/paratransit buses, and
1 14 to 15 refueling stations

TheseFCEVs are recommended primarily for fleeteluding state fleefsat synergistic locations
where hydrogen users and producersexist, andfor opportunistic early market agters
Hydrogen poweredukl cells couldalsoprovide azercemissioralternative for forklifts and other
material handling equipment at warehouse facilities, airports, and other emission constrained
areasRefueling for these vehicles can be provided by hydrogen refueling statated in areas

of the state where fleets, early market adopters, and hydrogen usstistco

Operation of thesgehiclesare projectedtdo ncr ease environment al per f
motive fleets with an annual reductionaairbon dioxide (Cg) emissions by approximate®;085
metric tons and NOx emissions By’62metric tons

At $65,000for eachlight duty FCEV thecapital valugor the FCEVs could bas much a$80.47
million (M). At $2M perFuel Cell Electric BusRCEB), thecapitalvaluefor the FCEBs could be
$74 M. At $2M per refueling station, theapital valud for the14 to 15hydrogen refueling stations
could be $8 M to $30M.°

Based on a 2020 economic impact analysis, the production of hydrogen energy and fuel cells
including related R&D¢ ont r i but es t o Michi:gan’s economy by

8 https://www.energy.gov/eere/fuelcells/hydrogeaduction

‘Peterson, Davi d, James Vicker s, Dan DeSan®i0d9; "HPOEodedr Bge
and Fuel Cells Program Record; February 3, 2Bfh volume production of renewable hydrogen produced with low cost

electricity from windand solar energy may further reduce the cost of hydrogen and increase the utilization of renewable energy

facilities. projected to be less than $3.00/kg with a projected future case production cost of less than $2.00/kg.
https://www.hydrogen.energy.gov/pdfs/19009 _h2 production_cost_pem_electrolysis_2019.pdf

5 As the market evolves, these capital costs will likely decrease providing more buying pogersiomers.



https://www.energy.gov/eere/fuelcells/hydrogen-shot
https://www.hydrogen.energy.gov/pdfs/19009_h2_production_cost_pem_electrolysis_2019.pdf

Over$187 million in revenue and investment;
Estimated62 direct, indirect, and induced jobs;
Estimated$5.7 million in state and local tax revenue; and
Nearly$57 million in employee compensation.

E N

Over 300 Michigan workers are involved in the production of, and R&D activities related to,
hydrogen energy and fuel cells. Thegarkersaresupported by almost $10d in revenue and
investmentincluding investment ia large joint ventureThe hydrogen energy and fuel cell sector

in Michigan has a total economic impact including multiplier effects of an estimated $187.3

output, 862 full and parttime jobs, and $56. in employee compensation. The hydrogengyer

and fuel cel | sector’”s economic iNhipatategand n Mi C
| ocal tax revenue. Mi chigan’s hydrogen ener g
other industries, and there are multiplier effects of jioles or more in 28 industries.

The deployment of hydrogen and fuel cell technology will reduce dependency iompodveair

and waterquality; help meet carbon andero emission vehicleZEV) requirementsimprove
opportunities tautilize renewable energy from indigenous sources such as biomass, wind, and
solarphotovoltaic (PV) powerprovide clean energy revenues; amcrease the number of energy
sector jobs within the state.

This plan provides links teelevant information to assess, plan, and initiate hydrogem-@iy/
deployment to help meet the energy, econoamd, environmentajoals forthe State ofMichigan
Policies and incentives that support hydrogen and fuel cell technologyevéhase deployment
thus increasng production and creeig jobs throughout the supply chain. As deployment
increasesan economy of scale will develop anthnufacturing costs will declingositioring
hydrogen and fuel cell technologp compete more #fctively in a global market without
incentives. Blicies and incentive® purchase and support the deployment of FCEVs, FCEBs,
and hydrogen refuelingcan be coordinated regionally to maintdinis advanced clean
transportationsector asa global exporte for longterm growth and economic development.
Overall, the execution of this plan withai nt ai n Mi c h glgbal shovecase forl e as
regionally manufactured transportation technology while reducing NOx ap@i@iSsions and as
new jobs are creatddr businesses and industry.

Special thanks go to the Michigan Economic Development CorpordtiSnDepartment of
Energy National Renewable Energy Laboratosypply chain companies that were assessed for
economic mpact, and key businesses and industries including General Motors that provided
information and/or review of this document.



INTRODUCTION

This Michigan HydrogerandFuel Cell Electric Vehicl®©eploymentPlan“H2 FCEV Roadmap

2022 "was created with support from ttéS Department of EnergfDOE) and the National
Renewable Energy Lalatory (NREL) with assistance from the Northeast Electrochemical
Energy Storage Clusté@NEESC)to increase awareness and facilitatentieasuredieploymaet of
hydrogen and fuel cell technology. The intent of this guidance document is to make available
information regarding the economic value and deployment opportuniileseasenvironmental
performance and energy reliability usihgdrogen and fueladl technologiepotentiallymade by
businesses in thetate ofMichigan

Technology Description

A fuel cell is a device that uses, but does not burn, hydrogen (or a hydrclydael such as
domestic natural gas) and oxygen to create an electrientwith no moving parts Fuel cells
occupy a technology platform that wheaupled with electric drivetrains have the potential to
replace the internal combustion engine (ICE) in vehicles and provide power for stationary and
portable power applicatis. Fuel cells are in commercial sergiteoughout the world, providing
thermalenergyand electricity to powethe grid,homesand businesses. Fuel cells are also used

in vehicles,including automobiles, trucks, busdsrklifts and other land, mar@ air, and space
equipment

Hydrogen can be produced using a wi
variety of resources available in

) X Diverse Energy Clean, Efficient Diverse Applications

M|Ch|gan Hydrogeman berenewable Sources & Fuels Energy Conversion PP
and produced by waste, biomass, wir] ______ "

. ’ et \l Statuunaw Power
and solar energy Production |cowentonal Ly 5" > | il Rl
technology includes electrolysis of ML) vee ek e

. Other

water, steam reforming of natural ga ! hyrocarbons

Fuel Cells

= Alkaline

* Direct Methanol

* Molten Carbonate

* Polymer Electrolyte
Membrane (PEM)

= Phosphoric Acid

= Solid Oxide

Transportation
—
* Trucks

coal gasification, thermochemice
production, and biological gasificatiol
(see Figure 1L =

Renewable
Resources

Natural gas, which is composed of fo| "

biomass)

(4) hydrogen atoms and one (1) carb Nmear.;

atom (CH), has the highest hydroger | :

Biomass Methane

+ Trains

Methanol Auxiliary

Power « Aircraft
* Ships
S~
—~
+ Specialty Vehicles

Motive | (e, forkiifts)
Power * Buses

Ereees UPe B

\2 Automobiles

. Natural Gas \ ’ Portable Power
to-carbon ratio of any energy sourc | e
- . C * Consumer Electronics
Furthermore, natural gas is widel e + sattery Chargers
available is relatively inexpensive, anc s | e
is primarily a domestic energgsource Energy Storage for Renewable Electricity
Consequently, natural gas shov A
potential to serve as a transitional fu meewsies | ——> @ B e /§ K
'sofar, wind, ocean, Turbines d/Distril
for the near future hydrogen econom, e e

Over the long term, hydrogenill be
produced from renewablechnologies
and maybe used for energy storage ¢ Source: Department of Energy (DOE), Energy efficiency and

: : : : : Renewabl e Energy (EERE), “Cle
mterm_lttent generation imeding solar | 4 .14 Century

and wind resourcés.

SDOE EERE; *“ Hy d r’otps:feneRyy.godeere/tualcells/nydrogamoduction January 2018.



Industry/Market Status

Demand for hydrogen and fuel ctdchnologyhas increased adevelopmentoss have declined,

and awareness of economic and environmental behefigrown A key market driver is policy
favoring low carbon technology for climateange mitigation Cost reductions have come from
anincreased economy of scale in the manufacture of fuel cell@oemps hydrogenand hydrogen
storage tanks. The cost reductions Hadeo steady growth in the hydrogen and fuel cell industry

in the US, with large and small companies located across the coultigtes and local
governments are also recognizing éldewantages of hydrogen and fuel cell technology in providing
energy resilieng, reduced emissiongmproved air quality, and economic growth. Many states
have established policies to promote the adoption of hydrogen and fuel cell technologies and/or
initiated collaborative efforts to accelerate adopti@lobally, the market for hydrogen
transportation is encouraging with The Hydrogen Council vision of more than 400 million cars,
15 to 20 million trucks, and around 5 million buses in 2050, which constituteverage 20 to

25% of their respective transportation segments. The market for hydrogen and hydrogen
technologies includes revenues of more than $2.5 trillion per year, and jobs for more than 30
million people globally.

Transportation applicationsalude motive power for passenger cars, busesks, and specialty
vehicles including forklifts. Early market adopters of these FCEVs may include fleet operators
due to their ability to run fixedoutes with certain refueling needs and amortize refgelin
infrastructure costs across a flegis consumer education increasesydrogen fueling
infrastructure expangdsand ascosts of FCEVs become more competitive with conventional
vehicles FCEVs will gain greater market acceptance, resulting in faster market penetration.
Eighteengovernments, whose economies account for 70 per cent of global GDP, have announced
strategies and targets for deploying hydrogen energy solutions includingptiogrdent of10

million (M) FCEVsand 10,000 hydrogen refueling stations b@@d

Stationary fuel cellg¢not assessed ithis Roadmapare providing stable power and heat around

the world in microgridswastewater treatment plants, food and beverage plants, office buildings,
telecommunication hubs, data centers, retail stores, universities, hospitals, hotels, government
facilities, and ther applications Largescale fuel cell systems are being deployed to support the
electric grid where transmissiondsnstrainedpr whereincreased reliability is sought. These fuel

cell systemsare providing clearand dispatchabl@4/7 power generabin to complement the
increasing deployment of intermittent solar and wind ressuand support grid reliabilityhile
stationary systems are not assessed in this Roadmap, many components are synergistic to
transportation fuel cells, accelerating leagnand achieving economies of scale in the industry.

A BUSINESS CASE FOR CLEAN TRANSPORTATION IN MICHIGAN

This Plan indicates potential value for the gradual replacement of fassdiéd vehicles with

FCEVs Government and private sector stakeholdera@ranvestigating criteria andeveloping

commercial models for the use of hydrogen and renewable energy as a replacement of hydrocarbon
fuels in the transportation sector, whi ch ac.
consumption(see Table 1° FCEVs have several advantages over conventional vehicles (see

Table 2) and can reduce price volatility, decrease dependence on oil, improve environmental
performance, and provide greater transportation efficiency.

7 The Hydrogen Council, Hydrogen scaling up. November 2@ifps://hydrogencouncil.com/wp
content/uploads/2017/11/Hydrogenalingup-HydrogenrCouncil.pdf

8 Path to hydrogen competitiveness, A cost comspay Hydrogen Council, January 20, 2020
U. S. EI A; httpstiiweviv.eiggauistate/?sid=MI#taBsApril 17, 2020.



https://hydrogencouncil.com/wp-content/uploads/2017/11/Hydrogen-scaling-up-Hydrogen-Council.pdf
https://hydrogencouncil.com/wp-content/uploads/2017/11/Hydrogen-scaling-up-Hydrogen-Council.pdf
https://www.eia.gov/state/?sid=MI#tabs-2

There has been increasing interest by consumerdlegtdmanagerso purchase FCEVs and
operate them with fuel from new hydrogen fueling stations. This strategic approach will help to
establish hydrogen refueling for fleet vehicles vpithentialuse of tinding frompublic and private
sources, andhe VW Partial Consent Decree,
while providing flexibility for hydrogen
refueling developers to address and reduce ¢
associated with infrastructure, operatic
maintenance, and product distribution.

High Population Density

Areas with Early Market Adopters

Areas with Hydrogen Production and Uss
Areas with Alternative Refueling Stations
Nonrattainment areas for criteria poIIutanlI

Drivers

Environmenal quality, energy resiliency, and
economic benefitare driving the development
of hydrogen and fuel cell technologies for regional, natiaral global markets. Federal research
and tax incentives have been impori@ninersfor deployment bFCEVs, hydrogen infrastructure,
and powegeneration

= =4 -8 -8 -9

The age distribution of hydrogen and fuel cell companies sugfests companies are poised for
expansion. The proximity ofutomotiveoriginal equipment mnufacturers QEM) and supply

chain companieim Michiganprovidesa competitive advantage for research, design, development,
manufacturing, and export of commercial products to national and international markets.
Mi chigan has been i dent i f-Gemde raast itohnén tdhobfol biatly .
key public/private partnerships and being competitive in mobiitsted patents on a national
scale, Michigan continues tae highlighted as an epicenter for the testing and deployment of
electric vehicleg?

Environmental Benefits

The combustion fo fossil fuels for motor vehicless a
significant source of Nitrogen Oxides (NOx) and Carbp
Dioxide (CQ) emissions. In the transportation sector, zefo
emission FCEVsouldreplace existing conventional vehiclgs
in Mi.chigan, starting. vyith 1,2_75_f|eet/trarsit vehicles, Energy Independence /
reducing annual Cftailpipe enissions by approximately Security

9,085metric tons and NOx emissions BY62 metric tonst' | ¢ nigh Efficiency / Long Range
The reduction of these emissions through the use of fueljcell

technologycouldimprove air quality, reduce health problems;
reduce carbon emissions that contribute to climate change, and help to meet National Ambient Air
Quality Standards Additionally, this transition would play a key role in helping the State reach

its 2025 goal to reducgreenhouse gasnissions by 2@ercent t28 percenbelow 2005 levels?

QuietOperations

Zero Tailpipe Enissions
Domestic fuel supply
PriceVolatility Reduction

= =4 =9

Energy Resiliency

Extreme weather evenésd potential for disruption of conventional fiseppliesemphasize the
need forlocal and state action to deplolean reliable and diversified alternative fuel vehicles.

OMEDC; “Michigan is Automobility
https://www.michiganbusiness.org/49c568/contentassets/46143f8b8741443a94ee213342dd9ed tisnahimanbility

report1.pdf, April 2019

11 Assumes passenger car tailpipe emissions of CO2 are reduced by 4.67 metric tons CO2E/vehicle /year; transit bus emissions of
CO2 are reduced by 89.27 metric tons CO2E /vehicle/year; NOx emissions for passenger vehicles at .213 g/mile x 11,443 and .59
g/mile x 34,000 for diesel fuel transit buses. https://www.epa.gov/energy/greergasesequivalenciesalculatorcalculations
andreferences.

2C2ES;, “U. S. State Gr een h ohtips:Avwee2es.off/doicenenit/greerhocgdsamisgientasgets/

July 2019.


https://www.michiganbusiness.org/49c568/contentassets/46143f8b8741443a94ee213342dd9ed1/michigan-is-automobility-report-1.pdf
https://www.michiganbusiness.org/49c568/contentassets/46143f8b8741443a94ee213342dd9ed1/michigan-is-automobility-report-1.pdf
https://www.c2es.org/document/greenhouse-gas-emissions-targets/

Michigan now supportsnore than3 million light duty vehiclesapproximately 73Muses for
public transportation, and oves,500 refueling stations primarilyfor gasoline and diesel
refueling®®*1®> There are at least 14,0@0ectric vehicles registered the State oMichigan
(approximately .0% of all lightduty vehicles)!® Increased diversity in fuel supply, vehicle
technology, and vehicle refueling are expected to increase transportation rebetuiligsiliency

Refueling / Energy Security

Models for hydrogen infrastructumeploymenthave been developdady OEMs NREL, state
stakeholders in California, 2dSA, and Northeast States for Coordinated Air Use Management
(NESCAUM). This plan complements those efforts to help coordinate the initial development of
hydrogen refueling infrastruate to improve the value of FCEVs to customers that will enable
growth and distribution afero emission vehicl&ZEV) technology into the marketplace. Potential

sites for development inclugeeas with high population density and early market adoptads, a
wherealternativerefueling stationgxist or could be developddee Tablel and AppendixIl —

“Mi chigan: Mar ket Potential for Hydrogen and

Refueling station siting may be of concern with local officials, first responders, and local residents.
Concerns regarding hydrogen are often based on safety. Public education of residents and safety
training for public officials and first responders Maé helpful for local permitting and community
acceptance.

Production of hydrogen for use as a transportation fuel is possible using natural gas, renewable
energy such as solar energy, or from hydrogen rich compounds such as ammonia and biofuel. Due
to the large amounts of these available resources within thi 1330t likely that the production

of hydrogen would be linked to the import of liquid petroleum, crude oil, or diesel fuel. While the
price of gasoline and diesel fuel has temporarily stadili these liquid fuels are derived from
crude oil which is not renewable and subject to price and supply volatility. Hydrogen, as an energy
carrier, has value for energy security because it can be sourced from a variety of domestically
available feedstdss, including renewabl&ind and solaenergy.

Economic Impact!’

Michigan Bydrogen and fuel cell supply chain companies realzda$tantial valuén revenue

and investment® Companies involved ithis industry includenanufacturing, partdistributing,

fuel processing, supplying of industrial gas, engineering based research and development (R&D),
coating applications, and managing of venture capital funds.

Table 3showsthe economic impact dflichigari Bydrogen and fuel cefupply chain
The IMPLAN Economic Analysisindependentlicommissioned for thisi2 FCEV Roadmap

suggests thawlichigan Bydrogen anduel cell industrycanbe a contributor irmaintaining the
S t a eoeriomic vitality with ties to the automotive transportation industparticularly in

BStatista. com; U. S. Aut omo bitps:/avwR stagistascanvstatistic196010hataldl@df8 , by St at
registereeautomobilesn-the-usby-statef April 18, 2020.

Yrederal Transit Administrat i onhttps:/f/wiwv.eandit.dot.gownideptil 18T2020nsi t Dat ab.
At oZdat abases; HEs#dwwyatoz8atakases.Gom/Mgapril 18, 2020.

®plug in America; “ EI ehtps:#pluginarveeda.orgibpes i n Mi chigan;”
content/uploads/2017/04/Michigan_Electric_Vehicle_Factsheet May 2017Wad2017.

17 Economic impact derived from akIPLAN Economiclmpact Model, Todd Gab&hD, Economic Consultanf020. This

analysis assesses the direct, indirect, and induced values of the Michigan hydrogen and fuel cell supply chain usiag 2019 dat
BSenate Fiscal AgencryomniSEFAQuyt I“Moélc haghnBisd Eeto Revi ew; ”
https://www.senate.michigan.gov/sfa/Publications/BudUpdates/EconomicOutlookMay 19gyd2019.
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https://pluginamerica.org/wp-content/uploads/2017/04/Michigan_Electric_Vehicle_Factsheet_May_20171.pdf
https://www.senate.michigan.gov/sfa/Publications/BudUpdates/EconomicOutlookMay19.pdf

retaining advancedresearch and manufacturing jobs, generating increased investrardts
delivering tax revenue.

Michigan Economic Data
Supply ChairMembers 400+
State/Local Tax ($M) 5.7+
Direct Revenue and Investment ($M) $94.5
Direct Jobs 310
Direct Labor Income ($M) $29.4
Indirect Revenue and Investment ($M) $50.2
Indirect Jobs 267
Indirect Labor Income ($M) $15.1
Induced Revenue arndvestment ($M) $42.7
Induced Jobs 285
Induced Labor Income ($M) $12.3
Total Revenue and Investment ($M) $187.3
Total Jobs 862
Total Labor Income ($M) $56.7

Over 300 Michiganworkers are involved in the production of, and R&D activities related to,
hydrogen energy and fuel cells. These workers are supported by almost $100 M in revenue and
investmentthat includes an investment in a large joint ventufee hydrogen energy and fuel

cell sector in Michigan has a total economic impact including multiplier effects of an estimated
$187.3 M in output, 862 fulland partime jobs, and $56.7 M in employeerspensation. The
hydrogen energy and fuel <cell sector’s econom
M in state and | ocal tax revenue. Mi chi gan’ s
one job in 98 other industries, and thare multiplier effects of five jobs or more in 28 industties.

Consistency with the “Road Map to a US Hydrogen Economy”

From a national perspectivihe ecently releasedRoad Map to a US Hydrogen Econdmy
identifiesthe importance dfiydrogen tachievea lowercarbon energy mix, while reinforcing US
energy leadership and strengtimgnthe economy Executing actions specified in this analysis
couldresult in as much as $140 billion per year in revenue and 700,00®yo?030, and $750
billion per year in revenue and 3V jobs by 2050domesticallyin the US Goals highlightedn
the reportcan be replicated at thecal andstate level?® Immediate next steps include:

1 Establish Dependable and TechnolaggutralDecarbonizatiorGoals
o Specific Policy and Regulatory Actions
0 Updated Codes and Standards
o Public Incentives and Standards
1 Increase Public Awareness and Acceptance
1 Pilot HydrogenUse inOtherApplications
o Early commercially viable applicationd.ight/Heavyduty vehicles
0 Mature applications scale wgorklifts & Backup
0 Transport- Development of fueling infrastructure to support FCEV adoption
Fleets

19 Economic impact derivefrom an IMPLAN Economi¢mpact Model, Todd GabePhD, Economic Consultar2020. This
analysis assesses the direct, indirect, and induced values of the Michigan hydrogen and fuel cell supply chain usiag 2019 dat
20« Rpoad Map to a US Hydr og e n..hHEg/owefchgaoig/ubydrdysastudyoNpvembernt2016.y . or g
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FUEL CELLS FOR TRANSPORTATION

Targets for FCEV deployment and hydroggn
infrastructure development inclaghublic/private fleets,
bus transittrucks,and specialty vehicles (see Talle
Zero emission FCEVs could replace existif
conventional fleet vehicles iMichigan starting with
1,238 passengervehicles?, providing annual CO:
emission reductionof approximately5,782metric tons
and NOx emission reductions of approximat@y2
metric tons Additionally, the introduction 087 zero emission fuel cell electric buses (FCEBSs) in
Michigan could reduceannual CQ emissionsby approximately3,303 metric tonsand NOXx
emissiors by approximately742metric tons

1 Public/Private Fleets
Bus Transit
Trucks
1 Material Handling
1 Ground Support Equipent

Automakers are now making plans to comply véthteZEV prograns?? Severalstates have

committed and signed a Memorandum of Understanding (MOU) requiring-\ahgme
automakers to sell approximately 3VB ZEVs between 2018 and 2025,24 M of which are
defined as “Electric and/ or Hy drgondynd elEarie | Cel |
vehicles (PHEVY? Although Michigan is nobne of the states that \easigned the MOU f

Michigan were to follow this deployment model it woutcve the potential of deploying
approximately47,000FCEVsover the next decadésee Appendix)

California has one of the most aggressive hydrogen FCEV deployment plans in the US and is often
viewed as a leader in policy development. Additional information on plans, activities, and progress
in state planning with California can l@und at 2019 Annual Evaluation of Fuel Cell Electric
Vehicle Deployment & Hydrogen Fuel Station Network Developntént.

Passenger Vehicle Fleets (Light-Duty Fleet VVehicles)

Thereareoverthreemillion passengeifteet vehicles classified as ndaasing or company owned
vehicles inMichigan?® Passengerehicles attransportatiornubsfor fleetsarefavoredcandidates

for FCEVswith hydrogen fuelingoecause they mostly operate on fixed routes or within fixed
districts andcan befueled froma fully utilized centralized station.Vehicle typesand routes
favored forFCEV applicationgncludelarge commercial flestwvith long range vehicle (400 mile

/ 650 Km) routesSUV passenger vehicles with long range (375 mile / 600 Km) routesyidnd
sized vehiclesvith long range (250 mile / 400 KM) routéSApplications that will be challenged
include small passenger veleis for short range urban transportation which will compete with
battery electric technology.

As illustrated in Appendixil — “Michigan Market Potential for Hydrogen and Fuel Cell
Transportatiompplications ” ¢ loufleet \ehickesn Michigan are located primarily in the
Detroit, Flint, andGrand Rapidsireas. These clusters have an immediate market potential for
1,238light and mediumduty FCEVswith relatively long-rangerequirements Refueling will

21 Analyses conducted by the Connecticut Center for Advanced Technology (CCAT) based on the ZBlteighOU, IHS

Markit light duty automotive, NREL medium/headyty vehicle data for MichigaiNote that this analysis is intended as a
conservative approach based on use of fleet vehicles and is not intended as a substitute for full market deploymenrst projectio
provided by SERA NREL modeling.

2E| ect r ihitps://vever.slectrive.com/2020/01/29/firstistomerdor-boschfuel-cell-trucks; » Randal |, Chri s; J
2020; Denner, Volkmar (Bosch CE©Yp to 20 per cent of all electric vehicles coulddpethe road with fuel cells by 2030.

23 State ZereEmission Vehicle Programs Memorandum of Understanaimgy.nescaum.org/documents/zewou-8-governors
signed2013102.pdf Additional states have or are also considering signing this MOU.

242019 Annual Evaluation of Fuel Cell Electric Vehicle Deployment & Hydrogen Fuel Station Network Development, July
2019. https://ww?2.arb.ca.gov/sites/default/files/260B/AB8_report 2019_Final.pdf

25 Michigan Vehicle Fleet data provided by IHS Markit (light duty vehicle and NREL (medium/heavy duty vehicles).

26 path to hydrogen competitiveness, A cost comparison, Hydrogen Council, January 20, 2020.
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requirel2to 13 hydrogen refueling stations to supportdechicles At an estimate®65000for
eachvehicle theinitial capital valuefor FCEVs could bas much a$80.47M. While thisanalysis
uses a conservative base cost of @88 ,per light duty FCEV, it is likely that vehicle costs will
decrease with market deployment and at scale manufacturing.

Bus Transit

There are approximately30 transit busesthat provide public transportation services in
Michigan?’ Although the efficiency of conventional diesel buses has increhasdghavehigh
potentialfor energy savings by using high efficien@aero emissioriuel cells. FCEBs have an
average fuel economy @ipproximately7.9 miles per kilogram of hydrogen, which equates to
approximately 7miles per diesel gallon equivalen{DGE).?®8 The average fuel efficiency of
conventional diesel transit buses is approximadeBf miles per gallorf? The use of hydrogen
has the potential to reduce diesel fuel use by approximately 8,800 gatid89.26metric tons
CO2 emissionsper vehicle, per yeat® The long termuse of FCEBs may require: 1) fueling
infrastructure to be etwcated with the FCEBaintenancetorage facilities, 2) redundancy of fuel
supply, 3) generally accepted fuel measurements & certifications, an@dgeptabléack record
for up-time perfornance Favored bus applicatioméd routesnclude luses for long distance (280
mile / 450 Km) urban routes and boasachedor long haul (310 mile / 500 Km) route¥. As
illustrated in Appendixl] Mithigan Market Potential for Hydrogen and F@#ll Transportation
Applications ” t r a n Bupsdave am timmedrate market potential &% FCEBs, andwo
hydrogen refueling station to support theses At an estimate®2M for each vehicletheinitial
capital valudor FCEBs could be® M. While this analysis uses a conservative base cost of $2M
per FCEB, it is likely that bus costs will be closer to $1M with an ultimate target of $6G8,000.

Truck Hauling (Medium/Heavy-Duty Fleet VVehicles)

Decarbonization ofong-haul (Class 7 and 8yucksfavors technology that provides long range,

fuel availability and relatively fast refueling, and reliable truck hauling without weight penalty for
heavy fuel or battery loads. Such longhaul applications are currently in developmeand
expected within this decad®.Favored applicationand routesncludemediumduty trucks with

long range (310 mile / 500 Km) routesd reavy-duty longhaul trucks and with long range (375

mile / 600 Km) route$* This application may be dfigh value in Michigan to support shipping

and drayage. The Port of Los Angeles, CA provides a model for development of zero emission
drayage to support shippig. No projection for hydrogen truck applications is made for this
initiative because of thgenerally private commercial nature of interstate truck hauling; however,

it is suggested that Michigan consider public/private partnerships for shared refueling if and where

2’Federal Transit Admi ni ®ofileshttpss/mww.trdnditBdd.goW/ntddransagencypfofilesn ¢ y

January 4, 2020.

2NREL; “Fuel Cell Buses i n U. $tps:/Mvwemesgowdocs/lyl®esti/72208.pdfu r r ent St at
December 2018

29 CARB Innovative Clean Transit Regulation Standardized Regulatory Impact Assessment.
http://www.dof.ca.gov/Forecastifigfconomics/Major_Regulations/Major_Regulations_Table/documents/ICT_SRIA_ARB 4

18.pdf; April 19, 2018.

30 Assumes an average transit bus travels approximately 34,000 miles annually and 3.87 miles/gallon.
http://www.afdc.energy.gov/data/1030Ralculated based on 10,160 grams @€r gallon for diesel fuel.

31 path to hydrogen competitiveness, A cost comparison, Hydrogen Council, January 20, 2020.

32 Eudy, Leslie, Matthew Post, and Matthew Jeffers. American Fuel Cell Bus Project Evaluation: Third Report. NREL, Technical

Report NREL/TP540067209 May 2017.

B¥McKinsey Energy Insights, McKinsey Cent andthefrimplicafonsonr e Mobi | i
ener gy ttpsiawwdmckinseyenergyinsights.com/insights/meality-electrictrucksandtheir-implicationson

energydemand/ September 2017 Expected share of Trucks sales in 2030 for the US to be 13 percent.

34 Path to hydrogen competitiveness, A cost comparison, Hydrogen Council, January 20, 2020.

35 Green Car Congresspyota, Kenworth, POLA and CARB unveil negén heavyduty fuetcell truck; ZANZEFF

23 April 2019 https://www.greencarcongress.com/2019/04/2019a#23html.
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possible. APPENDIX Il — * Mi chi gan: Mar ket Potenti al for
Transportation Applicationsidentifies truck stoand porfocations that may be viablargetsor
hydrogen refueling due to high volume traffic from medium/hedary trucks.

Specialty Vehicles

Specialty vehicles, such as matesdiandling

equipment, airport tugs, street sweepers, and| ower Total Cost ofOwnership
wheel loaders are used by a variety of industrieg, goo L ower Refueling/recharging.aborCost
including manufacturing, construction, mining, ¢ 75% LessSpaceRequired forRefueling

agriculture, food _sales, retailers,  amdg improved Net Present Value (NPV)
wholesalers. Batteries that currently powex zero Emissions

some equipment foindoor use are heavy a
take up significant storage space while only providimited, often restricted teix hours of run

time. Fuel cell powered equipment has zero emissions, a lower annual cost of ownership, and
almost twice the estimated produié¢ than battery powered equipment. Fuel cell powered lift
trucks can be operated indoors, can operate up to eight hours before refuelingrefaelbe

quickly (2-3 minutes), and eliminate the need for battery storage and charging rooms (see Table
5). Favored applications includerklifts with 2 X 8hour shifts and 10 kW motor pow&.

Fuel cell powered matermhandling equipment is already in use at dozens of warehouses,
distribution centers, and manufacturing plants in North America. Large corporations that are
currently using or planning to use fuel cell powered material handling equipment across the
countryinclude: Central Grocers, FedExeight, Sysco Food#ymazon,and Walmarf’ Most
recently,Lipari Foods has selected Plug Power fuel cells and hydrogen fueling station solutions to
power the electric material handling vehicles at its campus in Wariiehigdn®® No projections

for hydrogen forklift applications are made for this initiative because of the generally private
commercial nature of materials handling; however, it is suggested that Michigan consider
public/private partnerships for shared eding if and where possiblAPPENDIXII-* Mi ¢ hi gan:
Market Potential for Hydrogen and Fuel Cell Transportation Applicatiodentifies warehouse

and portlocations that may be viabtargetsfor hydrogenfueledmaterial handling fleets, due to

their larger sized footprints.

Other Applications

Applications that will be challenged include small passenger vehicles for short range urban
transportation which will compete witbattery electric vehicle (BEVjechnoloy, commuter

trains where existing catenary systems have electric infrastructure already in place, aircraft where
other fueling systems including biodiesel may be a more competitive alternative for low carbon
fueling, and shipping where infrastructure ftaatric recharging and use of biodiesel may provide

a more competitive alternativé® While these applications may evolythis Roadmap does not

make any specific recommendations for deployment at this time. However, it is suggested that
Michigan consider public / private partnerships for shared refueling if and where possible.

36 path to hydrogen competitiveness, A cost comparison, Hydrogen Council, January 20, 2020.

’U. S. DOE, “Ewmel yCeéMalrkeft ar Materi al Handling Equi pment ;"
www.energy.gov/sites/prod/files/2014/03/f9/early_markets_mhe_fact_she@qgidber 2016.
%Pl ug Power; “Plug Power Partners Wit-Rowepadi FFeeds” on a Gen

https://www.ir.plugpower.com/Prefteleases/PredReleaseDetails/2019/Plug?owerPartnerswith-Lipari-Foodson-a
GenDriveHydrogenrFuelCell-PoweredFleet/default.aspxApril 2019.
39 path to hydrogen competitiveness, A cost comparison, Hydrogen Council, January 20, 2020.
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Hydrogen Infrastructure

Hydrogen refueling infistructureconsisting ofproduction or delivery, storage, and dispensing
equipment is required to support FCEV#cluding light and mediumduty passengefleet
vehicles, busegrucks,and material handling equipment.

Hydrogen fueling will be possibleith hydrogen produced on site with electrolysis technology
potentially powered with renewable energy or with delivery of gaseous or liquid hydrogen
produced from central production facilities. Delivery of hydrogen through dedicated hydrogen
pipelineswill require an economy of scale to support a significamestment in infrastructure;
however, blending of hydrogen with natural gas in existing natural gas pipelines with subsequent
separation of the hydrogen for market users may presentesdost option to help decarbonize
existing energy delivery infrastructure wittducedinvestment in infrastructure improvemefts

While costs for hydrogen refueling infrastructure typically range froid $4$3.26 M per station,

it is possible that awstruction of these stations could be backed by private siwémicing or

developed publicly in conjunction with deployment of high efficiency ZEV fl&e&or example,

Air Liguide is currently constructin@pydrogen fueling statianin the NortheastCalifornia, and

countries in Europe and Adiasupport thénitial deployment of FCEV# high population density

areas*? At an estimate®2 M for eachrefueling station, thenitial market potential for hydrogen

refueling stationslevelopedo support EEV and FCEBdeploymentould be 88 M to $30 M

for 14 to 15 refueling stationdotential locations for hydrogen refueling infrastructure with fleet
clusters, early market adopters, and other facoesidentified inAPPENDIX Il = Mi c hi gan:
Mar ket Potential for Hydrogen and Fuel Cell T

The cost of fuel and electricitgrekey drives in the final cost of hydrogen productiof.arget
costfor production of lowcost hydrogen derived frodiverse domestic resources is estimated at
less than $2.00/kgith an ultimatedelivered and dispensed cost of $4.00/kgutureprodudion

of hydrogenis projectedat $2/kg by 2025 and $1/kg by 2030 via-metccarbon pathways in
support of theHydrogen Energy Earthshgbal of reducing the cost of clean hydrogen by 80% to
$1 per 1 kilogram in 1 decade ("1 1)4* High volume production of renewable hydrogen
produced with low ast electricity from wind and solar energy may further reduce the cost to
hydrogen and help to increase utilization of intermittent renewable resctir€asse prices are
generally competitive with conventional hydrocarbon fuels and affieiitional value in being
domestically produced, renewable, and zero emissions from the vehicle tailpipe.

Deployment Summary

A capitalinvestment of43.7M to $54.7 Mfor infrastructure development and FCEV deployment
for state fleets and early markadopterscould provide a solid framework to suppdr238

OM. W, Mel ina, O. Antonia, and M. Penev, “Blending Hydrogen |
NREL/TP-560051995, March 2013

41 California Air Resources Board; Joint Agency Staff Report on Assembly Bill 8: Assessment of Tiesimtkeeded to

Attain 100 Hydrogen Refueling Stations in California; December 2015;-G@Ex2015016.

“?presentation by Air Liquide, “Northeast H2 Fueling Station
Technologies U.S. December 2017.

43 DOE Hydogen and Fuel Cells Progratinnual Progress Report’

https://www.hydrogen.energy.gov/pdfs/progress19/h2f overview 2019.pdf, April 2020.

4 https://www.energy.gov/eere/fuelcells/hydrogaoduction

45 Peterson, David, James Vickers, Dan DeSaritiyydrogen Production Cost From PEM Electrolys®019 DOE Hydrogen

and Fuel Cells Program RecoFeebruary3, 2020 Current case, high volume pmhaction of renewable hydrogen produced with

low cost electricity from wind and solar energy may further reduce the cost to hydrogen to be less than $3.00/kg @dted proj

future case production cost of less than $2.00/kg
https://www.hydrogen.energy.gov/pdfs/19009 h2_production_cost_pem_electrolysis_2019.pdf
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passenger FCEVs and the development of uf4tdo 15 hydrogen refueling stations. An
additional $4.8M (20 percent of $4 M) would be needed for the acquisitior3gfzero emission
transit/paratransit buses.

1 1,238Fuel Cell Electric Passenger Vehicle$§1 FCEVs for Ml State fleet) $14.9to
24.9million .46 47

1 37 Fuel Cell Transit/Paratransit Buses $14.8 million (20 percent state costhare/80
percent federal cost share/f

1 H2lInfrastructure (147 15 Station3 - $14 to $15million (50 percent of capital cost).

Funding for this investmembuldcome from the private sector, federal and state resdtreesl

from other sources, potentially including the VW Partial Consent Decree. The VW Partial Consent
Decree has allocated approximateB4$M to Michigan for transportation that includes engine
repowering and alternative fueling with hydrogén.

PoLicy

Mi chigan’s proximity to major transportation
support improvement of air quality and reduction of carbon for protection of climate, and
opportunity to support automotive OEMs and use an existing robystysthain have resulted in
renewed interest in the development of efficient and-effettive alternative transportation
technologies.

Generally, Michigan is in a favorable position to develop policy supportive of FCEVs, FCEBSs,
and hydrogen refuelingith consideration of the following

. Measured and long term scheduled purchase of FCEVs and FCEBs with emission and
efficiency standards for state fleets using state funds and federal cost sharing,

. Creation of per vehicle, point of purchase incentivestaxdncentives derived from
fuel taxes to accelerate private fleet purchase of FCEVSs,

. Provide FCEV/ ZEV incentives with use of HOV and renewable parking privileges,

. Development of publicly accessibleydrogen refueling to support FCEVs and FCEBs
using sate, federal and/or compliance funding (i.e., VW Compliance Penalty Funds),

. Establishment of incentive grants for development of commercial hydrogen refueling
stations available for public use,

. Establishment of Time of Use electric rates for low cas¢weble hydrogen
production,

. Establishment of Renewable Energy Credits (REC) for renewable hydrogen,

. Streamline siting regulations and creation of tax incentives for development of
renewable hydrogen infrastructuesd

46 While the state of Michigan does not currently offer an incentive for the purchase of an FCEV, it is considering a $5,000 to

$7,000 vehicle incentive to stay competitive with other FCEV friendly states.

471,238 total FCEVs consisted of 581 government vehicles and 65gavenmnment vehicles. Government vehicles are

estimated to cost $20,00%35,000 per vehicle (581 * 20,000 = $11,620,000; 581*35,000 = $20,335,000). This Plan proposes

that norgovernmehvehicle owners be provided a $5,0087,000 incentive for purchasing a FCEV (657 * 5,000 = $3,285,000;

657 * 7,000 = $4,599,000). $3,285,000 + $11,620,000 = $14,905,000; $4,599,000 + $20,335,000 = $24,934,000

48t is projected that an order for 40 fieell buses would reduce the cost to $1 million or IBSREL, Fuel Cell Buses in U.S.

Transit Fleets: Current Status 2017; https://www.nrel.gov/docs/fy180sti/70075.pdf.

“®“The Federal Transit Administrati on PegrahwauldgroviBeusmtesranddirecti t i es |
recipients 80 percent of the net capital project costs to replace, rehabilitate and purchase buses and related eqtdpment and

construct buselated facilities including technological changes or innovations tofgnlodv or no emission vehicles or facilities.
50MichiganEl BC; “ Pl ans for $64 Million from VoEnergyeadeesProjgcet t | e ment
R e ¢ ahgps://mieibc.org/planfor-64-million-from-volkswagersettlementannouncednichigan-cleanenergyleadersproject

recap2/; September 1, 2018.
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. Development of @omprehensive H2 FCEV ZEV program for plan execution
with public education and a dedicated state point person.

Specific policies adopted by other states and potentially available for consideration by Michigan
policymakers are displayed in Appendix ¥/State Energy Policy/Incentives for Fuel Cell and
Hydrogen Transportation.

CONCLUSION

Hydrogen and fuel celiransportationtechnology provides significant opportunities for more
efficient use of cleaner energy, decarbonization, job creation, and economic develdpGieva.

are now competitive within several markets including use of hydrogen for fuel cell forklifts used
in materials handling. Several other markets including transportation fleets for light and medium
duty passenger vehicles, buses anddiumheavyduty trucks are expected to emerges
competitive with other zero emission transportation optwwiikin this decadeas the cost of
hydrogen production, capital cost for equipment, and hydrogen distribution costs decrease through
an increased economy of scaMany companies, countrieand states in the US hagemmitted

to this transformation and haemnounced ambitious plansitwrease use of hydrogen fuel cell
technology tancrease sustainability and to meet carbon emission targets.

Michigan is in an exceminally favorable position with a strong automotive supply chain that is
conducive to the production of components and development of facilities necesséng for
manufacture of FCEVs antydrogen refueling. Realizing approximately88 M in revenue and
investment Mi chi gan’'s hydrogen and fuel cel | I ndus
contributed over .7 M in state and local tax revenue. Amerging hydrogen and fuel cell
technology gais momentum, the number of companies and employnrernthe industryis
expected togrow substantially. In addition, hydrogen and fuel cell technology provides an
opportunity for Michigan tautilize its renewable energy industry using hydrogen and fuel cells
more fullyf or transportation and energy storage.
globalshowcase for regionally manufacturednsportation technologyhile reducing NOx and

CO emissionsandas new jobs are creatéal businesses and indag  The neaterm market
opportunitieor Michiganinclude:

1 1,238 FCEVs (581 FCEVs for Michigan State fleets);
9 37 transit/paratransit buses; and
1 14 to 15 hydrogen refueling stations (to support FCEV and FCEB deployment).5?

These market opportunities represent a stesnh investment for longerm productivity that can
be accelerated with policy that encourages execuflanfacilitate the execution, Michigan will
need to consider policies and initiatives for funding, fimagca schedule for goal implementation,
assignment ofvork responsibilitiesand longterm commitment fosuccess The result will be a
win-win-win with decarbonizatiorandimproved environmental performananergy reliability
with diversified fuelingand economic developmewtth advanced technology jaiveation.

51 A target of 14 to 15 refueling stations has been calculated as a conservative initial approach to support FCEV and FCEB
deployment into the existing Michigan economy. A more aggressive appuithci more mature deployment market could
require 35 initial station locations as identifiesgiNREL.
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APPENDIX I - MICHIGAN ZEV ROLLOUT 52

Eight (8) State MOU Projections for FCEVs per each State®
Deployment thal Sale Total Z_EV Sales CA CT MA NY RI VT OR MD
Year Requirements Requirements
1 0 0 0 0 0 0 0 0 0 0 0
2 89,543 33,587 3,595 545 1,008 1,860 167 91 467 662 1,275
3 192,402 72,168 7,725 1,172 2,167 3,998 360 195 1,003 1,423 2,740
4 316,902 118,866 12,724 1,930 3,569 6,584 592 321 1,652 2,344 4,513
5 472,806 177,344 18,984 2,879 5,325 9,824 883 479 2,465 3,497 6,733
6 673,031 252,446 27,023 4,099 7,580 13,984 | 1,258 | 682 3,509 4,977 9,585
7 935,407 350,860 37,558 5,696 10,535 | 19,435 | 1,748 | 948 4,878 6,918 13,321
8 1,285,032 482,001 51,596 7,826 14,472 | 26,699 | 2,401 | 1,302 | 6,701 9,503 18,300
9 1,757,645 659,272 70,572 10,704 | 19,795 | 36,519 | 3,284 | 1,781 | 9,165 12,998 | 25,031
10 2,404,566 901,925 96,547 14,643 | 27,081 | 49,960 | 4,493 | 2,436 | 12,538 | 17,782 | 34,244
11 3,300,000%* 1,237,792556 132,500 | 20,096 | 37,165 | 68,565 | 6,166 | 3,344 | 17,208 | 24,404 | 46,996
Projected Michigan FCEVs by Year (per Eight-State MOU)
50000 46,996 o
40000
34,244
83 A
(&)
= 30000
5 25,03
< a
5 13,323
Q 9,58
e 10000 6,733
> 2740 4,513 A
z 1,275 A A
0 ‘ T ‘ T T T T T T
Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10 Year 11

52 Data provided is an averaged projection that does not account for different market drivers and/or incentives/barriggssiastemtially change the deployment ratios between
state and the delivery of different ZEV/hybrid vehicles.
53 Derived fromapplying 5.814 percent to FCEVs. The 5.814 percent was calculated by comp&tatg 810U data to 2017 registered vehicles by state. These projections for FCEVs

assume 25 percent of all ZEVs (FCEVs and BEVs). Some states have fallen short of meetitigrpesjiimates.

54 Ccalifornia Environmental Protection Agency Air Resource Bolatig//www.arb.ca.gov/newsrel/newsrelease.php?id=62@ober 24, 2013.
55 Derived from a DOE projection @alifornia ZEV (FCEV and BEV), California transitional ZEV (plirghybrids), and California total sales (ZEV and transitional). These
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APPENDIX Il —Michigan: Market Potential for Hydrogen and Fuel Cell Transportation Applications
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APPENDIX Il — Michigan SWOT Analysis

Environment factors internal/external i ¢ h i ge=istiig siydrogen and fuel cell industry are
provided below in the form of an economic strengths, weaknesses, opportandie¢sreats (SWOT)
assessment . The SWOT analysis provides infor
and capabilites to the competitive environment in which it operates.

Strengths
1 + Appeal to market, environmentativers volatile fuelingprices, long
commuting distance, high concentration/density of vehiaglesirban aregstax incentive
program.

1 ¥ Support forclean energy

1 — Support for fuel diversityrom industryandfleet owners.

1 aSignificant OEM manufacturing and R&D capacity, extensive supply
chain, state suppoitr industry retooling

1 # Minimal change in the fueling process and consumer behavior.
Weaknesses
1 + Hydrogen infrastructure buddut needed.
1 #sLong-term state incentiveseeded Upfront infrastructure
investment is required.
1 ry Competition from clean but not renewable natural gas.
Opportunities
1 # Supply chain buildup opportunitided by industry leaders, such as
Ford and General Motors (GM)
1 s Industry expansiorand investments innew advanced
technologywill help to support R&D and higkech jobs
1 L Setting decarbonization goadsth minimal costs to the consumer.
1 e Opportunity to better manage use of renewables.
Threats
1 + Lack of consumer educati@nd reliance on conventional technology
1 »Competition fronother states/regions.
1 L Limited window of opportunity
1 + Suppliers of key components may not be available.
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APPENDIX IV — Michigan Policy for Hydrogen Transportation

State Energy Policy/lncentives for Hydrogen Transportation
=, - RICT wy ng [

Zero Emission Wehicle (ZEV) Program (FCEYMHz Infrastructure)
ZEY Purchase Target for State Government Fleets (TED)

Furchase Incentives"Foint-of-Purchase" Rehates

Fuel Incentives

Time of Day Rates for Hydrogen Production

FPublic/Private Infrastructure Partnership

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

REC Awvailable for Renewahle Hz

Tax Incentives

HOY Lanes and Parking Incentives

Oine Stop Regulatory Approval
Identified State "Foint" Person

NEESC Development Plan Market Potential

Transpartation Fuel Cell Electric Vehicle 127 20 | 92 | 223 | 171 | 543 | 203 3,232 a0 |1.23
Transportation Fuel Cell Electric Bus 7 | 5 | & | sa| 18| 42| z2a8| 13| 83| 27
- - - 1 1 1 7 _~|31.7 &
Refueling Stations (lowhigh range) S %//2' A 4 | A e AP

Eligible Eligible if Renewable

APPENDIX V — Summary of Potential Hydrogen and Fuel Cell Applications

Category Total Units Potential Targets = Emissions (Metric Tons/Year)
Transportation Targets CO2 NOXx
FCEVs 80,551 1,238 5,782 3.02
Transit Buses 730 37 3,303 742
Retail Refueling Stations 5,500 14-15 NA NA

The analysis provided in this Plan conservatively estimates thae#rermmarket opportunities for existing
fleet vehicles irfMichigancould include theeartermdeployment ofl, 275 vehicles.
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