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Study background:

To reach competitive price 
range, the levelized cost of 
green hydrogen should drop
significantly closer to that of 
the fossil-based grey 
hydrogen (~1-3 €/kg).
Cost reduction enablers:

• Technological development
• Decreased CAPEX & O&M 

costs
• Decreased electricity prices

• Country-specific
• Dependent on investments

in renewables
• System level optimization

• Optimized electricity 
consumption

• Government subsidies
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Driver: 
Climate policy & strategies
The European Union aims to 
produce 10 million tonnes of 
green hydrogen by 2030. The 
ambitious hydrogen strategies 
of the EU and its member 
states require massive 
investments in electrolysis-
based green hydrogen 
production. The EU has 
adopted a delegated 
regulation for Renewable
Fuels of Non-Biological Origin
(RFNBO), which will set the 
rules for green hydrogen 
production in the EU 2030 
onwards.

Problem: 
Economic feasibility

Study scope and 
motivation

Three operating models 
were implemented and 
optimized for a 100 MW
alkaline electrolyser plant 
operating in Finland to 
compare the effects of 
electricity market 
participation on the levelized 
cost of produced hydrogen.
The modelled year was 
2023.
The results of this study aim 
to shed light on the 
economic feasibility of 
producing green hydrogen in 
compliance with the EU 
regulation.

Delegated regulation - 2023/1184 - EN - EUR-Lex 
(europa.eu)

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32023R1184#:%7E:text=Commission%20Delegated%20Regulation%20(EU)%202023/1184%20of%2010%20February
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32023R1184#:%7E:text=Commission%20Delegated%20Regulation%20(EU)%202023/1184%20of%2010%20February


System configuration



Thesis examines the economic feasibility of three operating models in 
the Finnish electricity market
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RFNBO compliant Free Market
• Pay-as-Produced PPA provides electricity to 

plant
• Electrolyser is responsible for selling excess 

PPA electricity to spot market 
• If PPA supply is insufficient, load is optimized 

with additional supply from electricity market if 
the hourly price is below 30 €/MWh

• Electrolyser can provide ancillary services to 
the reserve market

• Pay-as-Produced PPA provides electricity to 
plant

• Electrolyser is responsible for selling excess PPA 
electricity to spot market

• If PPA supply is insufficient, load is optimized 
with additional supply from electricity market with 
no constraints

• Electrolyser can provide ancillary services to the 
reserve markets

Full Green
• Pay-as-Produced Power Purchase 

Agreement (PPA) provides electricity to plant
• Electrolyser is responsible for selling excess 

PPA electricity to spot market 
• Electrolyser can provide ancillary services to 

the reserve market (up-bids)



Power Purchase Agreement (PPA)
• The electrolyser plant procures its electricity with a pay-as-produced 

PPA portfolio as the consumer must be able to prove the origin of the 
electricity according to RFNBO regulation. 

• In pay-as-produced PPA, consumer (electrolyser) carries the profile 
risk both with insufficient and excess electricity generation from the 
PPA producer.

• The modelled PPA consists of 160 MW wind power and 40 MW solar 
power, totalling to 200 MW of renewable assets.

• Hourly profiles for wind and solar generation for the weather year 
2023 were acquired with the Renewables.ninja tool.
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https://renewables.ninja/


System configuration & optimization
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• 100 MW alkaline electrolyser plant with 200 MW Pay-
as-produced PPA
• Surplus electricity sold to spot market. 2023 

market data is used in the model. The plant is 
considered a price taker.

• Insufficient electricity supply from PPA is 
supplemented with electricity from spot market where 
suitable
• RFNBO allows electricity procurement when the 

price of electricity is below 0.36* the price of 
emission allowance ~30 €/MWh in 2023.

• A hydrogen buffer storage is used to smoothen the 
supply of hydrogen from the electrolyser plant

• Offtaker allows flexible hydrogen production. 
electrolyser can optimize its hydrogen production and 
electricity market & ancillary services participation. 

• The electrolyser offers capacity to the automatic and 
manual frequency restoration reserves (AFRR & 
MFRR)

• System level optimization was carried out with 
PLEXOS® energy modelling software

Key details & assumptions



Results



RFNBO compliant hydrogen could cost 5 €/kg in Finland (PPA price 35 
€/MWh, WACC 8%)
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Discounted lifetime costs 
(RFNBO)



How much can electricity price affect the economic feasibility of green 
hydrogen production?
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Electricity source of consumed 
electricity (RFNBO)



RFNBO hydrogen is expensive even with low WACC and PPA price

7.10.2024© Fimpec Oy Presentation name 11

WACC & PPA sensitivity 
analysis (RFNBO model)



Additional revenue streams reduce LCOH only marginally

• The participation to reserve markets is limited by the PPA due to the 
cannibalisation effect of renewables. Down-regulation hours often 
go hand in hand with peak wind power generation, meaning that the 
electrolyser is running full load and vice versa; the electrolyser 
cannot ramp down during up-regulation hours if it is not operating at 
all.

• Surplus electricity sold to spot market suffers from the same issue; 
when the PPA produces surplus electricity, the spot price is often 
low due to cannibalisation. The capture price of surplus electricity 
was 30 €/MWh in the 2023 spot market.

7.10.2024© Fimpec Oy Presentation name 12

Issues with additional revenue streams



Conclusions and discussion
• The levelized cost of hydrogen for hydrogen produced in Finland 

was modelled to be 5.04 €/kg for RFNBO compliant hydrogen 
production. The levelized cost can be decreased if the electrolyser 
breaks the rules of RFNBO and operates freely in the market. 
However, hydrogen produced this way would not be “green”. 

• The cannibalisation effect of renewable energy in Finland makes it 
difficult for the balance responsible (electrolyser) to avoid losses 
from surplus electricity sales if the profile risk of pay-as-produced 
PPA is only affecting the electricity consumer.

• Even if the electrolyser would receive a subsidy similar to that of 
Ren-Gas from European Hydrogen bank, the LCOH of produced 
hydrogen would still be over 4.5 €/kg. To make an efficient 
transition from grey hydrogen to renewable hydrogen, the price of 
renewable hydrogen should get closer to that of the fossil-based 
hydrogen, which is currently around 1-3 €/kg.
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Competitive bidding - European Commission (europa.eu)

https://climate.ec.europa.eu/eu-action/eu-funding-climate-action/innovation-fund/competitive-bidding_en#:%7E:text=European%20Hydrogen%20Bank%20pilot%20auction%20results.%20The%20first
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CAPEX sensitivity analysis
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PLEXOS Modelling example: Electrolyser Load & PPA Production
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PLEXOS Modelling example: Electrolyser Load & Spot Market Purchases
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