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Work out, for Belgium, the most economical electro-  
and synthetic energy carrier routes needed to face the  

climate change issues and ensure the stability of the grid  
and the security of supply in 2040 and beyond.
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Electro- and synthetic energy carriers: 
One keystone of the energy transition

7

Existing transport 
network 

Need for high-density 
energy carriers

Infrastructure  
compatibility

Need for flexibility 

Boost the whole-
system efficiency

Cross-sectorial 
approach

Renewable 
intermittency and 

space disparity 

Supply-demand 
mismatch

Storage

time

power
demandproduction

Power- 
to-Fuel

Fuel-to- 
Power



Work out, for Belgium, the most economical electro-  
and synthetic energy carrier routes needed to face the  

climate change issues and ensure the stability of the grid  
and the security of supply in 2040 and beyond.

Gas turbines Internal Combustion Engines



Gas turbines will play a key role in the energy 
transition in Belgium
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Increasing share of 
renewable production

Nuclear phase-out in 
2025 (4 GW) and 2035 (2 

GW)

Need for peak-units Need to substitute nuclear 
generation

Gas turbines

Combined Cycle Gas Turbines power plants 
2 GW existing plants  
1.6 GW new plants

Fast, flexible and reliable

Capacity Remuneration Mechanism CRM:



Towards low carbon gas turbines ….
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CCUS E-fuels



Is it techno-economically feasible to apply 
Carbon Capture to gas turbines?  
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Objectives:

• Evaluate the impact of applying carbon capture on the gas turbine 
performance

• Reduce the energy penalty induced by the carbon capture (EGR, advanced 
carbon capture systems, energy integration)

• Assess the cost of applying carbon capture

Amine(s)-based post-
combustion carbon capture



How can we burn e-fuels (e.g. hydrogen, ammonia) 
in gas turbines? 
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Objective:

• Evaluate efficiency and pollutant emissions

PRECCINSTA burner

Approach:

• Adapting the fuel composition and equivalence ratio to existing systems

• Investigate ammonia/hydrogen/air combustion with Large Eddy Simulations

NH3

NOX

Emission trade-off in rich conditions for a 50/50 
NH3/H2 fuel blend (in vol.)



From small to large-scale gas turbines …  
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Large-scale CCGT plant Micro Gas Turbines (mGTs)

CHP

CHP

< 500 kWe
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Gas turbines Internal Combustion Engines



Cheap and sustainable 
(abundant materials and 

recyclable)

Zero-impact emissions

Flex-fuel

Efficiency still improving

Internal combustion engines: 
Keep the engine, change the fuel!
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Two main applications
Work - Mobility Electricity - Power generation



Mobility: Potential of e-methanol and hydrogen  
in ICEs
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Fuel properties suggest higher efficiencies than fossil fuels

CO2

H2
E-fuels 

E-methane 
E-methanol 

DMC / MeFO 
DME / OME 

Octanol 
Fischer Tropsch fuels



Same technology, different fuel
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Objective:

• Investigate efficiency improvement and power range

• From the efficiency, we can:

‣ Infer the needed quantity of e-fuels

‣Compare the ICEVs with alternatives (e.g. BEVs, FCEVs)

‣ Identify the relevant applications (and disregard the others)

Case studies: 

B=120mm

Vd=25l B=300mm

Vd=500l

From a car engine test bench… to bigger engines thanks to scaling laws

B=79mm

Vd=1.6l
E-methanol



Power generation: Internal combustion engines 
used as generators
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Power generation: Unconventional combustion 
modes are worth investigating!
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Conventional genset:

• Diesel - Compression ignition (CI): High efficiency, high emissions

• Gasoline - Spark ignition (SI): Lower efficiency, lower emissions

—> Best of both worlds? —> Homogeneous Charge Compression Ignition (HCCI)

Compression ignition

Hot flame region: 
NOx and PM

Spark ignition

Hot flame region: 
NOx

HCCI

LTC: low emissions, 
high efficiency

Main challenge of HCCI engines: Currently low power density

—> Possible way to increase it: oxy-fuel combustion
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climate change issues and ensure the stability of the grid  
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Grid adequacy Grid security



The electrical grid will undergo radical changes 
and must be carefully studied
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Future energy system: 

• Shift from traditional energy sources to variable renewable energy sources 

• More electrification 

• More energy storage

Impact on the electrical grid: 

• More connected sources and loads (e.g. electrolyzers, heat-pumps, EVs) 

• Less source control 

• Lower inertia of the grid 

• Greater importance of flexibility: storage and demand response



How to assess the impact of electro-fuels  
on the reliability of the grid?
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SecurityAdequacy

Do we have sufficient 
facilities and equipments 
to satisfy the consumer’s 
demand at any time, in 
any place?  
(Static analysis)

Can the system cope with 
the dynamic processes 
that occur during the 
transitions from one 
stable state to another? 
(Dynamic analysis)



Adequacy: Make sure the design of the electrical 
system can operate in an adequate way
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Adequacy 
analysis

• Energy missing [GWh/y] 
(i.e. Loss of Energy) 

• Numbers of concerned 
hours [hours/y] 
(i.e. Loss of Load) 

• Congestions

Design of the  
electrical system

• Installed technologies 

• Electrification of the demand 

• Imports

Optimal  
power flow

A. Belderbos



Security: Replacing traditional energy sources by 
renewables will induce higher disturbances
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It is necessary to evaluate whether the future grid will be able to react fast 
enough to disturbances to ensure stable and reliable electricity.

Generator-dominated power system: 
Mechanical inertia of the connected synchronous machines

From…

Inverter-dominated power system: 
No inherent inertia

…to

The grid inertia rules the speed of frequency drop when unbalances occur. 
A lot of inertia reduces the frequency disturbances.



Security: Virtual inertia from electrical appliances 
(e.g. HP, electrolyzers, EVs) could reduce  
the frequency disturbance
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System 
frequency  
[Hz]

Time [s]
//

Frequency  
disturbance

<10s

Additional virtual inertia

Without virtual inertia

With virtual inertia

Inertial 
response

Reduction in 
Frequency Nadir
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Whole-energy system model

ENERGYScope



Whole-energy system models: The advisors for 
the energy transition
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System thinking vs.  
isolated thinking

Bigger and more efficient  
integration of renewables  

will require sector coupling

European Commission, 2021

Electricity

Heat HT

Heat LT

Passenger mob.

Freight mob.

Non-energy

2020
2050

It’s not only about the power sector
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End-use demand in Belgium [TWh]

0

Limited electrification
In high-energy demanding countries with 

 limited renewable potentials (e.g. Belgium) and interconnections,  
electrification will not be enough to make  

the other sectors fully renewable.
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EnergyScope

Demands

Conversion technologies

ENERGYScope: a whole-energy system model to 
minimize the total cost, under CO2 constraint

Resources

Natural  
Gas
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EnergyScope
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Snapshot modeling approach 
optimisation of a target future year

Hourly resolution  
required by high integration  
of renewables and storage

Tractable formulation 
suitable for uncertainty  

quantification

Multi-sector  
and multi-carrier

Optimization of investment 
& operation strategies

Open 
Open-source, open-access 

and documented

ENERGYScope: a whole-energy system model to 
minimize the total cost, under CO2 constraint



Import & Local Production

Biomass potential, 
use & supply chain

Hydrogen  
supply chain

Around ENERGYScope, many developments  
to support Belgium energy transition
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Around ENERGYScope, many developments  
to support Belgium energy transition
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Uncertainties quantification &  
Pathway optimisation

Reinforcement Learning
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So far…
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2020 2025 2030 2035 2040 2045 2050

Non-renewables
Renewables

640

420

Primary  
energy mix 
[TWh]

0

Towards…
1. More efficiency
2. More local renewables (mostly sun and wind)
3. More electro- and synthetic energy carriers (mostly imported) 

to reach the 2050 (and beyond) objective

In 2050, besides the local renewables (160TWh) and electricity import (30TWh)

0

74
[TWh]

55
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Fuel-cell trucks



37

Impact  
on environment

Time
20502022

« As for the future, our task is not to foresee it, 
but to enable it » 

Antoine de Saint-Exupéry, Citadelle, 1948 

Sustainability  
target wall
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