About the GHC
www.ghcoalition.org
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Facilitate policies and practices to 4,
advance the production and use of o
Green Hydrogen in all sectors where it
will accelerate a carbon free energy
future

Mission:

Approach:

Prioritize Green Hydrogen project
deployment at scale; leverage multi-
sector opportunities to simultaneously
scale supply and demand

*The GHC is a 501c3 Tax Exempt Non Profit Corporation
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What is green hydrogen? The industry is aligned.

Green Hydrogen: hydrogen that is not produced from fossil fuel feedstocks
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Green Hydrogen Definition Framework Focuses on the
Production Pathway

Each production pathway (outlined below) and application pathway has different carbon and emissions
Implications that should be evaluated at the program level

Primary Primary Energy Primary Production [l =l Applications
Feedstock Source Process

Water (H,O) m Electrolysis

Chemicql Anaerobic
Energy in Digestion +
Feedstock Reformation

Eligible organic
waste feedstocks

1. Biomass
2. Biogas

md Thermal Thermochemical
Energy to conversion
Power (gasification, -

Conversion pyrolysis)

Secondary Emission Sources: Station Power
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Green hydrogen is commercially viable now and on

o N, Low-cost solar and wind resources start to achieve
~ fossil fuel parity within the next five years
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Source: IRENA, 2019. Hydrogen.: A Renewable Energy Perspective. International Renewable Enerqgy Agency (IRENA). Report.
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https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2019/Sep/IRENA_Hydrogen_2019.pdf

GHC Focus: Accelerating the green hydrogen
economy

Initiative 1: Intermountain
Power Project
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Demonstrate an at-scale
hydrogen project that
enables an affordable and

responsible transition
www.ghcoalition.org/green-
hydrogen-at-scale

Initiative 2: Western Green

Hydrogen Initiative
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Western Interstate
1 Energy Board

NASEO=

National Association of
State Enerqy Officials

Initiative 3: Regional

Achieve a comprehensive
regulatory, policy and
commercialization roadmap
to advance projects at scale
www.ghcoalition.org/wghi

Enable green hydrogen
demand aggregation and
ecosystem development for
industrial energy & chemical
buyers in strategically
targeted locations




Green Hydrogen can
repurpose existing
iInfrastructure & jobs

Source: DNV GL

Source: LADWP

Enabling an affordable
& responsible
transition




Renewable Energy Storage Alternatives
Intra-Day Shifting vs. Inter-Day and Seasonal Shifting

} Lithium lon Suitable for “Intra-Day Shifting” { } H, Storage clear solution for “Inter-Day” and longer duration {
2030 LCOE ($/MWh)

4 Hour Storage 8 Hour Storage 24 Hour Storage 10 day storage 30 day storage

" Lithium lon

| Green Hydrogen

Source: E3 Consultants; MHPS

Battery roundtrip efficiency impacted as

| | o
duration need extends beyond 1-day Gas turbine capacity factor: 40%

Assumptions

MHPS 2019 electrolyzer and H, storage
cost with learning curve + CCGT
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With green H2, we can achieve 100% renewable energy affordably
and reliably — at competitive costs with today’s wholesale pricing

N Ny

Assumptions Hydrogen %

Capacity Factor’

Heat Rate®

CC Units®
Greenhouse Gas (GHG) GHG Cost
Calculation® GHG Savings

Hydrogen Calculation

Hydrogen Levelized Cost®

Renewable Energy7 Blended Renewable Energy

BLENDED COST ($/MWh)
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Hydrogen Commodity Cost’

100% 100% 100% 100% 100% 100%
% 65% 65% 65% 65% 65% 65%
BTU/kWh 6400 6400 6400 6400 6400 6400
S/MWh S26 S26 S26 S26 S26 S26 a DiSpatChable GH?2
hwn (1) (63 17) () (61 (s OIS COmPetitive
-3 with peak spot
$/kg © $1.00 $1.00 $1.50 $1.50 $2.00 $2.00

$/MWh Ts58  s58  s87 587 5116 Sile|c prices

S/MWh S7 S7 S7 S7 S7 S7 d

Blended 100%

/ renewable with
dispatched GH2
competitive with
today’s average
wholesale
prices

25% x (a+b+c)

+75% x (d) I $22 $18 $29 $25 $36 $32 I




CONTACT:

Janice Lin
Founder and President
Jlin@ghcoalition.org

+1 (415) 595-8301
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Is the hydrogen economy

finally here?

T|: TechCrunch
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Fuel Cells Power Up: Three
Surprising Places Where
Hydrogen Energy Is Working
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High intermittent and variable renewable penetration will

require multi-day and seasonal energy storage
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Green hydrogen is the only commercially viable seasonal
storage solution available today

Long Duration Energy Storage Solutions
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Global hydrogen production accounts for
832 Mt CO,/year...more than the emissions of Germany

2017 CO, emissions by country and sector (Mt CO,/year)

China I 10,877
U.S. I 5,107
India NG 2,455
Russia INNINEGEGEGEGE 1,765
Japan I 1,321
Global Hydrogen I 830
Germany I 797
Global Shipping Il 677
South Korea 1l 673
lran I 671
Saudi Arabia 1l 639
Canada 1M 617
Global Aviation 1l 543

0 2,000 4,000 6,000 8,000 10,000 12,000

Source: Wood Mackenzie, 2019. "COz and other Greenhouse Gas Emissions
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5% Green Hydrogen Blend in CA
Natural Gas Pipeline is equivalent to
removing 365,000 cars from the
road each year!

2*10° MMBtu Annual natural gas use in CA

106 MMT CO, emissions from annual CA
natural gas combustion

1.77 MMT CO, emission reduction from 5%
by volume hydrogen blend

4.6 MT Average annual emissions of one
car

384,826 cars Equivalent annual emissions
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Green electrolytic hydrogen is an excellent storage
medium... and unlike batteries can address multi day
and seasonal needs

Energy Source Energy Storage & Conversion Energy Output

Green Electrolytic Hydrogen Storage
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Roadmaps and plans for green hydrogen are
d eve I O p I n g WO r I d WI d eaburce: 2020, Presentation: DOE Hydrogen and Fuel Cell Technologies Office and Global Perspectives,

Dr. Sunita Satyapal, Director, Hydrogen and Fuel Cell technologies Office

H2 Ministerial Global Action Agenda Goals:
“10, 10, 10”

HYDROGEN 10M systems, 10K stations, 10 years
ROADMAP '

EURCRE
Power generation,
' buffering

Hydrogen Council:
Global industry
partnership
projects up to 10X
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Regulatory reform of existing gas and electric
Infrastructure Is key to accelerating the green hydrogen
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Green hydrogen can achieve multi-sectoral global
decarbonization

Intersectoral Decarbonization Applications

Glass
manufacturing

Feedstock
4
p

Metals

ﬁ_ﬁ processing

Transport Synthetic fuels

Petrochemicals

H GREEN Source.: CSIRO, 2018. National Hydrogen Roadmap
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California Greenprint for Action

California can lead the green hydrogen economy globally
e Establish technology agnostic legal and regulatory framework 2030
» Integrate greenH2 into current gas and electric planning

» Establish targets, compensation mechanisms incl. new tariffs

» Think big — don’t miss out on economic development and CA
export potential

Establish Broad,

Technology cAIST ™
Agnostic

Definition

Capitalize on Cost-
Competitive Green
area long Early At-Scale Hydrogen
I duration Deployments: Opportunities —
CARB/CEC: Road- need, Augment Convert Gas lower cost H2 fuel
mapping, products for Generators to supply, target hard
reliability 100% GHZ2, to abate applications
Intersectoral N
Strategic Vision, CPUC:_ IRI?S, Incrgasg Pipeline in industry and
2021 Update RPS RA, Injection Injection and agriculture. Ready

Guidebook Target, New Blending Targets CA ports for export
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Joint Agency Recommendations

Recommendations for CPUC

H

Establish technology agnostic legal and regulatory framework

Integrate greenH2 into current gas and electric planning

Establish preference for 'green system RA'

Establish 5% by volume injection/procurement target for gas pipeline

Establish necessary new greenH2 injection tariff and electrolytic production tariff

When upgrading gas pipelines, include modifications to allow higher % of greenH2

Consider utility ownership of 100% greenH2 pipelines, leveraging existing pipeline right-of-ways

Recommendations for CAISO

Inform CA planning decisions regarding long-duration energy needs (H2 combustion or electrolysis) in local areas
Augment CAISO products to better reflect evolving reliability and renewables integration needs.

Recommendations for CEC

GREEN
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Complete proposed “Role of GH2 in a Decarbonized California Study” — consider opportunities for underserved
communities

Integrate greenH2 (procurement and targets) into current long-term gas and electric planning, including future load
forecast (electrolytic)

Update CEC RPS Guidebook to include green hydrogen
Expand CEC authority to permit Green H2 power plants in CA (in partnership with AQMD)
Think big! Don’t miss out on economic development and CA import and export potential

COALITION



Plants make fuel from water and sun,
and so can we

Green hydrogen Is the strategic fuel
for our generation
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