
Overview of the project

& WP1 – Study of the Belgian energy system

Belgian Energy System



1. How much liquid and gaseous energy carriers do we need to feed the 
Belgian energy system during and after the transition? 

2. How compatible are these carriers with our current energy system, 
including the grid? What is their impact? 

3. What are the most economic scenarios and storage needs (daily, monthly, 
seasonal) to implement these renewable fuels? 

4. What are the main uncertainties concerning the energy system, now and in 
the future, to be considered while optimising the system? 

5. How to convert these fuels back into final energy in the most efficient 
ways? 

The project is build around five main questions
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Notre objectif est de « déterminer, pour la Belgique, les filières de vecteurs énergétiques issus de 
l’électricité ou synthétiques les plus économiques pour rencontrer les objectifs de réduction de CO2, de 
stabilité du réseau et de sécurité d’approvisionnement à l’horizon 2040 ». Cette mission doit être 
abordée de manière globale sans imposer d’hypothèses trop fortes qui pourraient biaiser les 
conclusions. Ce projet apportera au gouvernement des lignes directrices pour l’utilisation des vecteurs 
énergétiques liquides et gazeux comme contribution à la transition énergétique. 
 
2.4. Type of project 
 
This research and development project is in the frame of fundamental research. 
 
 
2.5. Detailed description of the project including methodologies used  

     
To answer the main questions of this project, the fundamental research is divided in four work 
packages (see Figure 1) providing a global overview of the role of renewable fuels in the energy system 
(WP1), addressing the key issue of uncertainties about the current and future of this system (WP2), 
analysing the impact on the electricity grid (WP3), a major player of the energy transition, and 
investigating how to improve the total efficiency of these renewable fuels (WP4). 
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Figure 1: Conceptual example of an energy system with 3 resources, 8 technologies (of which 2
storage and 1 infrastructure) and 4 end use demand (of which 1 losses). Abbreviations: pumped
hydro storage (PHS), electrical heat pump (eHP), combined heat and power (CHP), compressed
natural gas (CNG). Some icons are made by Freepik from www.flaticon.com
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The model is based on linear optimisation. It addresses 
simultaneously all forms of energy, all major needs… The study of the Belgian energy system is based on 

the further development of energyscope TD



To reduce CO2 emissions, the model points to an 
electrification of the energy system and to a reduction 

of the final consumption 
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solar and renewable waste. In addition, non-RE wastes are used almost from the beginning. Once coal
is phased out and all renewable potential—except solar—are exploited, the system relies on PV to
reduce its NG consumption.

Compared to 2015, the mobility mainly relies on fuel cells and NG in all scenarios. This is a
consequence of two phenomena. First, the gas price is almost 50% cheaper than gasoline or diesel.
Second, the investment cost of passenger and freight transport technologies is not accounted for in the
model. This latter choice is motivated as the investment cost is covered by the owner of the vehicle
and that no reliable sources have been found for the cost of public mobility or infrastructures. As a
consequence, only the resources used in mobility influences the choices of vehicles. Another difference
between 2015 and 2035 is the LFO use. In 2035, LFO is replaced by coal and gas for heating and to
gas for non-energy demand. Indeed, as there is a small cost difference between an oil or gas-based for
boilers and CHP technologies, the fuel cost is more critical. As the LFO is 40% more expensive than
other fuels, this fuel will be unused.

Both Figures 3 and 4 show that the primary energy consumption decreases as we impose a
reduction of CO2 emissions in the system. In the first scenario (high CO2 emissions), the system needs
561 TWh of primary energy. This is 7% less than in 2015 (based on Table A1, the primary energy
consumption in 2015 is 603 TWh, accounting for 0.62 TWh of curtailment). This amount is reduced
below 420 TWh between 80 and 60 MtCO2/y and then increases for lower CO2 emissions. This primary
energy reduction is achieved thanks to the integration of more efficient technologies.

Figure 4. Use of Primary energy for different scenarios. Primary energy can either be fossil (black),
renewable (green), renewable and curtailed (hatched grey). The total electricity yearly produced
(without curtailment) is represented by blue stripes and its share of renewable by green stripes.
The grey box represents the results for 2015 presented in Section 3.2, the rest are results for 2035 for
different yearly CO2 emissions targets.

At lower CO2 emissions (55 MtCO2/y), the primary energy needed increases. This can be
explained by two facts related to the difficulty to integrate a large PV production. First, the system
relies more on storage technologies to provide flexibility to the system. Second, a flexible resource
(NG) is exclusively replaced by an intermittent one (solar), hence production peaks are hard to absorb
and are partially curtailed. As a consequence of these two facts, extra primary energy is needed to
compensate these losses.

At 80 MtCO2/y, the system reaches the RE potential, except for solar. Hence, it deploys massively
PV panels to reduce the NG consumption. However, the electricity EUD remains constant. This has
three consequences. First, the amount of electricity produced increases. Second, this surplus is used in
heating and mobility sectors through industrial direct electricity heating or H2 production for mobility
(we define direct electrical heating in opposition to heat pumps; it stands for a resistor based heating).



The model already highlights the need for electro-
fuels for mobility and energy storage

After massive installation of wind turbines, PV panels, and 
efficient technologies, thermal storage, batteries and 

electro-fuels appear. Integration costs raises. 
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Third, at low CO2 emissions (70 MtCO2/y), the capacity of PV exceeds 60 GW and the production
peaks are too expensive to be absorbed, and are thus curtailed.

Limited RE resources can be integrated in the heat and mobility sectors. In our work, the renewable
resources for heat supply are biomass (woody and wet) and thermal solar. Thermal solar does not
appear as a promising technology for two reasons. First, it has a negative correlation with heat demand.
Indeed, when there is strong irradiation, there is usually a warmer ambient temperature and the heat
demand is lower. Second, thermal solar needs to be backed up during lack of sun, which is normally
done by fossil fuel boilers. Therefore, the electricity sector is the first one to achieve a high share of RE.
Then, electrification through technologies, such as trains or direct electrical heating, allows heat and
mobility sectors to use electricity from renewable sources.

4.1.2. Pareto Front and Integration of Technologies

In the following section, we propose analysing the previous results from a cost perspective,
and more precisely, through a Pareto frontier graph. As linear programming problems have only one
objective, the total annual cost of the energy system and the CO2 emissions can be alternatively used
as objectives to minimise. Then, the two objectives can be combined using the #-constraint method [30].
This method seeks trade-off solutions by formulating a bi-objective problem in which one of the
objectives is minimised, and the other is constrained by an upper value #, which is set parametrically.
As a result, the graph shows a front, which represents for each targeted CO2 emissions, the cost of the
optimal system. Hence the pareto graph shall stop at the lowest yearly system cost. However, here, we
force the system to emit more CO2 in order to get closer to the system in year 2015. Compare to the
cost optimum scenario, emitting more CO2 means consuming more fossil resources which results in
an overall cost increase.

Figure 5 illustrates the system cost evolution during the energy transition. At first, the overall cost
decreases. On the one hand, using less primary energy results in a lower cost for the resources which
reduces the system operational expenditure (OPEX). On the other hand, more efficient technologies
are more capital-intensive which leads to an increase in capital expenditure (CAPEX). However,
the balance results in a decreasing yearly total cost.

Figure 5. Cost—CO2 emissions optima and technologies implementation . Grey boxes represent group
of technologies with the same characteristics. Red diamond represents the result obtained for the year
2015. Yellow diamond represents the result with a cap on the solar potential (see Section 4.2), which is
2.3 b†/y above the Pareto.



Primary energy needed 400 TWh/y
incl. non energy purposes 100 TWh/y
Endogenous RE potential 126 TWh/y

Excluding non energy uses, 174 TWh/y must be found

Reduce end-use demand?
Geothermal energy?
Importation of RE fuels?
Importation of electricity?
Nuclear energy? 

To compensate for the lack of local energy, 
Belgium will import fuels 



Ongoing 
modelling of the trajectory from now to 2050 
Better integration of the neighbouring regions

Future work 
Integration of uncertainties (WP2)
Improve the technology models for e-fuels
Addition of the EROI optimization
Integration of realistic costs for imported fuels (Task 1.2)
More realistic demand required

Task 1.1 – Key developments foreseen for Energyscope TD



The EROI is an unbiased metric to qualify energy conversion 
that shall be used to study the energy carrier routes
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Wind and solar potentials have been studied using 
this metric  (here shown for EU-28)

En Europe, l’énergie éolienne est plus abondante et a un 
meilleur EROI que l’énergie solaire. (a) Wind Potential (b) Solar Potential

(c) Wind and Solar Potential (d) Total Potential

(e) Rooftop potential, with mono-Si-PV (f) Rooftop potential, with poly-Si-PV

Figure 2: Upper limit on the wind and solar annual potential as a function of the minimum
EROI required.
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Worldwide, solar energy is the most promising. 
Also for the production of e-fuels ? 

A l’échelle mondiale, le potentiel solaire dépasse 
largement le potentiel éolien

Final Energy  
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Task 1.2 – Study of selected supply/transport/storage/restitution 
routes for energy carriers

LCA of selected electro- and synthetic fuels produced locally
or imported

Study of the EROI and the costs of selected energy routes : 
production/transport/storage/restitution (WP4)

Formulation of the results in Energyscope TD (Task 1.1)

Study of the main uncertainty sources (Task 2.1)
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