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1. What is Adequacy ?

2. Electrical Model of an Electrolyzer in Steady-State conditions

3. H2 Demand Time Series

4. Impact of H2 Demand on Belgian Power Systems’ Adequacy
Assessment.
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Content of the presentation

→Model electrical behaviour of Power-to-Hydrogen (P2H) 

→ Integrate P2H model into adequacy study

Objective of my research
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Adequacy is the availability of the system to satisfy
the consumer’s demand at any time, in any place.

Sequential Monte Carlo Process: 

- Calculate adeqaucy indicators for each
Monte Carlo year: LOL, LOE

- Calculate average adeqaucy indicators for 
the whole simulation (n Monte carlo
years): LOLE, LOEE

# hours with power 
mismatch [hours]

energy quanity not 
served during the 
year [GWh]

LOLE LOEE

Define available
power for each hour

the year 

Define the electrical 
load for each hour of 

the year

Balance at each hour
the year ?

LOL, LOE

P2H model

Additional Elec 
demand

H2 demand 

For each Monte Carlo year



Large-scale electrolyzers can be represented
by a resistance and a constant voltage source

Open circuit 
voltage

Membrane 
resistance

- H2 production is proportional to the 
current flowing through the 
electrolyzer (Faraday’s equation)

- The electrical power injected into in the 
electrolyzer is proportional to the 
square of the current in this equivalent
electrical circuit

Electrical power and H2 production have a 
quadratic relation
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Equivalent Electrical Circuit (EEC) 

Hypothesis: 
- Large scale electrolyzer
- Moderated current densities (3A/cm²)
- Steady-state conditions



The electrical power–H2 production relation of 
the electrolyzer is quasi-linear

𝑷𝒏𝒐𝒎 𝑱𝒏𝒐𝒎 𝑽𝒐𝒄𝒗 𝑹𝒎

1 MW 3 A/cm² 145 V 0.015 Ω

Visually, the relation is
quasi-linear

scaled pilot electrolyzer from the 
Netherlands
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The model can be approximated by a linear
interpolation

𝑷𝒏𝒐𝒎 𝑱𝒏𝒐𝒎 𝑽𝒐𝒄𝒗 𝑹𝒎

1 MW 3 A/cm² 145 V 0.015 Ω

scaled pilot electrolyzer from the 
Netherlands
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Linear interpolation

P = 48 [MWh/t]*mH2



To model the H2 demand : an hourly profile is
applied to an annual demand 
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Calculate the annual H2 
demand 

Apply an hourly profile Hourly H2 demand

distributed among the 
8760 hours of the year



To replace 20% of the gasoline and diesel cars, an 
annual hydrogen demand of ~285 kt/y is necessary.

Calculate the annual H2 
demand 

Apply an hourly profile Hourly H2 demand

Calculate the annual H2 demand

Diesel and gasoline consumption
for private transport

% of gasoline and diesel cars 
replaced by H2 fuel cell cars 

H2 equivalent demand
to satisfy the 

md = 6,52 Mt/y2019

Ed= 77,16 TWh/ y2019

mg = 1,92 Mt/y2019

Eg= 23,13 TWh /y2019

sh = [0-20] % EH2 = sh ( Ed * ηd/ ηH2 + Eg * ηg/ ηH2 )

Vehicle efficiencies (η) 

Diesel ηd = 20%
Gasoline ηg = 15%
H2 fuel cell ηH2 = 40%

mH2= 285 kt/y
EH2= 9,5 TWh/yAssumptions on data

Lower heating values (LHV) 

Diesel LHVd = 11,83  MWh/t
Gasoline LHVg = 12,06  MWh/t
H2 fuel cell LHVH2 = 33,3   MWh/t



Different hourly profiles are applied to the annual H2 
demand

Calculate the annual H2 
demand 

Apply an hourly profile Hourly H2 demand

Apply an hourly profile

1) Classical

2) Uniform

3) Wind correlated
Hourly wind load factor 

Annual H2 demand
Hourly H2 demand



The Linear Model is a good approximation of the EEC 
model and requires less computational time
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Max error ~1,2 %

Faster x500
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x62

x22

x3

x105

x30

x17

LOLE without H2

LOEEwithout H2

The distribution of the H2 demand has a high impact 
on the adequacy of the system

The wind-correlated scenario has ~7-20 
times less impact than the uniform and 
classical scenario on the LOLE

The wind-correlated scenario has ~3-6 
times less impact than the uniform and 
classical scenario on the LOEE
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Conclusion

- A Power-to-Hydrogen model to represent the electrolyzers
- Linear vs non-linear model  : error lower than 1,2% & 500 times faster

- A H2 mobility demand is integrated to the Belgian Power System 
- Different replacement shares of gasoline and diesel vehicles (up to 20%) and hourly 

distributions
- H2 hourly distribution has a high impact on the adequacy of the system 

- Further works
- Optimise hydrogen production
- Consider Belgium as a several node system instead of a 1 node
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Bonus slide
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The case study is representative of the Belgian 
Power System 
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Conventional generation

- 86 units ranging from 5 to 425 MW
- Total of 6600 MW

Pumped Hydro Storage (PHS)

- Coo: power of 1124 GW and 
storage of  6375 MWh

Interconnections

- 6500 MW with neighbouring
countries

Electrical Load

- Elia Grid Load : peak at 12.000 MW

Offshore Wind Power

- Forecast for 2028: 4400 MW


