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5 million t (165 TWh)

15 million t
(495 TWh)

34 million t
(1,122 TWh)

1 million t (33 TWh)

™\ 40 million t
(1,320 TWh)

B Refining

B Ammonia synthesis
B Methanol production
B Direct reduction of iron
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Production costs and water usage for 1 kg of hydrogen

NATURAL GAS

COAL

yellow

grey grey
hydrogen hydrogen

@Q@QQ@Q

hydrogen

€1.5-3/kg H> ) (€1‘§ 72’k;H‘ €1-2.6/kg H: ¢1C. 4.9/kg H, €3.3-6.8/kg H; ) ( no data €3.1-9/kg
0 ( 41-86 I/kg H, ) C13 86 I/kg H:") ( 13-18 I/kg Ha ) ( 3-5 I/kg H; ) ( 414 |/kg Hy*** ) ( no data ) ( 10-19 I/kg Ha )
* blue hydrogen gas (capture rate 93%): 1.5-3.1 I/kg H; ** blue hydrogen gas (capture rate 93%): 13-18 kgCO;eq

blue hydrogen coal (capture rate 93%) 1.7-3.2 I/kg H; blue hydrogen coal (capture rate 93%): 41—-86 kgCOseq
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" Top Companies Producing Green Hydrogen

1. Fuel Cell Energy Inc 1. Sinopec
2. Bloom Energy Corp. 2. Air Liquide S.A.
3. Plug Power Inc. 3. Linde plc
4. Adani Green Energy Ltd. 4. Shell plc
5. Air Products and Chemicals 5. Reliance Industries Ltd.
Inc.
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storage (Hz) chemical and steel industry,
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(Re-)conversion into electricity

Synthesis

Carbon (CO3z) /
Nitrogen (N2z)

Synthetic Conventional applications:
GaS/|IC|LIId 4_» feedstocks e.g. internal combustion
storage engines (legacy fleet, aviation,

and fuels shipping), chemical and

fertiliser industries
These can replace e.g. natural gas,

: fossil petrol, kerosene and petroleum-based
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LCOH.
LCOH = Total CAPEX and OPEX costs through lifetime
| Hydrogen produced through lif etime in € kgH?2

Major cost drivers LCOH
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CAPEX depreciation [£/kgH2]  OPEX [£/kgH2] Electricity costs [/keH2]  Costof capital [€/keH2]  Total LCOH [£/keH2]

m Total LOOH [£/kgH2]
m Electricity costs compression [£/kgH2]
B Electricity costs [€/kgH2]
m OPEX [£/kgH2]
1 CAPEX free user input [£/keHZ]
B Compressar costs [€/kgHI]
Building [£/kgH2]
m EPC [£/kgH2]
B Stack replacement [£/kgH2]

W Electrolyzer system [£/kgHZ]
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Total shares of the main LCOH costs

2

B CAPEX depreciation

W OPEX

M Electricity costs

W Cost of capital
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summary of the recommendations for a pragmatic approach to calculating LCOH Table 2

Electrolyser CAPEX

Discount rate

Electricity price

Electrolyser efficiency
Electrolyser system lifetime
Stack lifetime & replacement
Stack degradation

Engineering, Procurement,
Construction

Buildings
Balance of Plant (BoP)

OPEX

Compression
Hydrogen quality

Water supply
Electrical grid
Contingency
Funding
Properties

Hydrogen transport & storage

By-product revenueas

W to be considered

Account for CAPEX scaling influence.

Also known as weighted Average Cost of Capital (WaCC).

Should include all charges.

Specific energy consumption including auxiliary power [KWh/kgHz]-
Major cost driver due to distribution of CAPEX.

Costs for stack replacement to be included in the CAPEX.
Considered through average spedfic energy consumption.

Contains usually detailed planning and control, purchasing, execution of construction,
installation work, and commissioning.

Reflect cost difference between greenfield / brownfield.

BoP typically includes power supply, water conditioning, and process utilities like pumps,
process-value-measuring devices, and heat exchangers.

Typically in the range of 1.5%-5% of CAPEX.
Consider compression costs for system output below reference pressure.

Identified as a minor cost driver. Nevertheless, it is recommended to calculate with a
5.0 guality to ensure that there are no technical issues.

Costs are to be considered if a seawater desalination plant is required.

Assumption of an existing grid.

Mot taken into account in most studies.

Funding programmes strongly influenced by political conditions and vary over time.
Vary significantly between countries as well as urban and rural areas.

Multiplicity of further possible applications.

Omit revenues from by-products [(waste-heat, oxygen).

W individual decision B not to be considerad
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