Belgian Energy System

Overview of the project
& WP1 – Study of the Belgian energy system

The project is build around five main questions
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?

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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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

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.
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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

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.
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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.
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Task 1.1 – Key developments foreseen for Energyscope TD
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

The EROI is an unbiased metric to qualify energy conversion
that shall be used to study the energy carrier routes
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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)

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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