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Company Snapshot

Clean Energy Associates is a technical advisory company that provides unrivaled insight into the solar PV, energy
storage and hydrogen manufacturing industries to ensure the success of solar PV, storage and electrolyzer projects
worldwide.
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Technologies
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Some Key Figures

Hydrogen can be used in many ways, but may not always be the best solution

Hydrogen vs Natural Gas: Cost

Fossil-derived hydrogen cost:

$1/kg - $2/kg

Green hydrogen targets same cost levels, but
$2/kg for green hydrogen is very, very hard to
achieve, even by 2030.

Converting to energy, $2/kg is

$60/MWh

Henry Hub spot price of natural gas on
December 1: $2.77/MMBTU or

$9.45/MWh
Hydrogen = X6 natural gas

So, clearly, burning hydrogen instead of natural

gas is a bad idea economically.

Hydrogen vs Electricity: Efficiency

EV efficiency:
77%

FCEV efficiency:
42%

Power-to-diesel:

20%

Electricity is much more efficient to power
vehicles than hydrogen fuel cells and even
more so than synthetic fuels.

Hydrogen vs Liquid Fuels: Density

CGH2 volumetric density:

1.25 KWh/L

LH2 volumetric density:

2.36 kWh/L

Kerosene/diesel volumetric density:

9.7-10.7 kWh/L

Comparison

1 X1.9
CGH?2 LH2

X7.7-8.6

Kero/Diesel

With big energy losses for compression and
liquefaction/regasification, hydrogen as a fuel
for airplanes or even ships poses substantial
volume and efficiency constraints.

1 kg of H2 (LHV) = 33.33 kWh | 1 MMBTU = 0.293071 MWh | LH2: liquified hydrogen at -253 °C | CGH2: Compressed gaseous hydrogen at 700 bar | LHV: lower heating value | H2 energy values are LHV |

Efficiency figures: Transport & Environment
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Hydrogen has a wide range of applications
Not all applications are economical, feasible or mature

Hydrogen’s applications

» The applications of hydrogen are in Unavoidable

a wide range from chemical o &

feedstock chemical feedstock to

cleaning the steel industry, n“ [Fertlllser][Hydrogenatlon ] Methanol][Hydrocracking][Desulphurisation

repurposing naturalges . B“ [ Shipping* || Off-road venicles || Steel || Chemical feedstock || Long-term storage |

infrastructure and power stations, :

powering ShipS, aviation and A [Long-haul aviation® ][Coastal and river vessels] [Remote trams] D/lntage vehicles” ] [Local CO2 remedlatlon]
tranSportatlon_ and even makmg [Medium-haul aviation'] [Long distance trucks and coaches ] [High-temperature industrial heat ]

green synthetic fuels. T

[Short-haul aviation ] [ Local fernes] [CommerCIaI heating ] [Island grids ][Clean power lmports] [ UPS]
* Many of these applications have

o . Light aviation || Rural trains | | Regional trucks | | Mid/Low-temperature industrial heat | | Domestic heatin
already been utilized today in the _“ (g ) J(Reg Il p J( 9
coal chemical or fertilizer ind ustry, _‘\‘ [Metro trains and buses] [H2FC cars] [Urban dellvery] [2 and 3-wheelers ] [Bulk e-fuels][Power system balancmg]

however, hydrogen applications still

need to address concerns in Y
technological maturity and Uncompetitive
economical feasibility to compete

with other green energy

technologies.

The Hydrogen Ladder: source from Liebreich Associates.
Notes | +yia ammonia or e-fuel rather than hydrogen gas or liquid.
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LCOH Dependence on Capacity Factor and LCOE

5MW Alkaline System with CAPEX of $330/kW

50

Capacity factor (percentage of full load hours) is
determined by the power supply conditions and directly
impacts the operating time of the electrolyzer system.

N
o

w
o
LCOE ($/MWh)

LCOE plays a dominant role in deciding LCOH at higher
capacity factors.

N
o

10

Alkaline electrolyzer with lower CAPEX shows better 10 20 30 4 5 6 70 8 90 100
economies than PEM in a wide range for utilization rate
and LCOE.

Designing for minimized LCOH is not always possible.

5MW PEM System with CAPEX of $950/kW
50

N
o

Physical limitations: water and power supply constraints.

w
o
LCOE ($/MWh)

Commercial limitations: electricity PPAs and hydrogen
offtake agreements.

N
o

10
10 20 30 40 50 60 70 80 90 100

Capacity Factor (%)
LCOH ($/KG H,) m $1.00-$2.00 $2.00-$3.00 ®=$3.00-$4.00 m$4.00-$5.00 m$5.00-$6.00
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Electrolyzer manufacturing capacity up to ~2x of demand in 2030
The actual capacity is discounted at ~60% of the nameplate due to market uncertainty

Global electrolyzer demand and supply (GW)

105

100 100

2023 2024 2025 2026 2027 2028 2029 2030

— Annual demand (IEA STEPS, 65% CF) Il Nameplate capacity
Annual demand (IEA STEPS, 40% CF) M Forecasted capacity

Notes | Information and data aggregated from CEA data, and International Energy Agency (IEA).

According to global supplier announcements, the global nameplate manufacturing
capacity will reach 79 GW by 2025 and 105 GW by 2030, with more than 50% of
the manufacturing capacity coming from China. Many of the announced capacities
will be realized by the expansion of existing plants. Due to market uncertainty,
many of these expansions or new plants may be delayed or canceled. Most
suppliers only have short-term capacity expansion plans up to 2025, while the
long-term capacity is unclear.

As manufacturing capacity grows at a fast pace, the actual usable capacity is
expected to be less than the nameplate capacity. In CEA's analysis, a discount
factor is applied for each supplier according to the assessment of its manufacturing
maturity, ability to scale up, and investment decisions based on market factors.

The forecasted electrolyzer demand is highly uncertain, as it can be affected by
policy implementation, downstream industry developments, low-cost renewable
energy availability and operation of existing projects.

CEA applies CFs of 40% and 65% to the IEA STEP green hydrogen demand
scenario to calculate the annual electrolyzer demand trend from 2023 to 2030. In
both CF scenarios, there is a gap between nameplate capacity and the annual
demand, which indicates a potential overcapacity in electrolyzer manufacturing.
However, with great uncertainty for both actual manufacturing capacity and the
capacity factor of projects globally, there could be a long way for the supply and
demand of electrolyzer systems to reach balance.

Approximately 75% of global annual nameplate capacity can meet IEA STEPS
scenario hydrogen demand with 40% CF, but only 50% of nameplate capacity is
needed to meet hydrogen demand with 65% CF.
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Scaling up Challenge: Electrolyzers Shipments ~100X by 2030
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Understanding the Electrolyzer Technology and Quality

Technology Choice

Quality Risks

Alkaline

Porous
Separator
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« Alkaline is lower cost but less
flexible/power dense

« PEMis higher cost but
more flexible/power dense

PEM
Solid

=" o
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rho
Anode Cathode

Fracture of pressurized pipes and
compartments

Membrane failures
Welding failures

Pipe and stack leaks

Highly flammable
Can easily leak
Explosive mixture risks

Corrosive alkaline solutions and
risk of skin burns

oxidizer
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Downtime & Lost

Production

The longer the
downtime, the
higher the cost of
lost production

Penalties
in purchase
agreements

O

Maintenance &

Repair

Early replacement
of expensive
equipment or
components

Lack of regional
servicing and
maintenance
capability

=

O

Safety Risks

Hydrogen leaks or
mixing can cause an
explosion or fire.

Leakage of high-
temperature alkaline

lye.

Improper waste alkali
solution handling can
cause environmental
pollution.

Reputation
Damage

Failures can
damage the
reputation of the
company and
reduce customer
confidence. This
canleadto a
decrease in sales
and revenue.

What Are The Consequences When There Are Missteps?

Regulatory Non-
Compliance

Release of
hydrogen into the
environment or
improper treatment
of waste alkali
liquid may result in
regulatory non-
compliance and
fines or penalties.
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Thank You

George Touloupas

Website: www.cea3.com

Email: gtouloupas@cea3.com

The information herein has been prepared by Clean Energy Associates, LLC (“CEA”) solely on a confidential basis and for the exclusive use of recipient, and should not be
copied or otherwise distributed, in whole or in part, to any other person without the prior written consent of CEA. No representation, warranty or undertaking, express or implied,

is made as to, and no reliance should be placed on, the fairness, accuracy, completeness or correctness of the information or the opinions contained herein. The information
herein is under no circumstances intended to be construed as legal, business, investment or tax advice. Neither CEA or any of its affiliates, advisors or representatives will be
liable (in negligence or otherwise), directly or indirectly, for any loss howsoever arising from or caused by the understanding and/or any use of this document.
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