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EXECUTIVE SUMMARY 
 

This report analyses the Belgian electricity system through simulations conducted with the SimelSP3 
model. The objective is to assess the impact of the shutdown of 4 GW nuclear capacities (on 6 GW) in 2025 
on the cost of electricity, and the need for the replacement of the nuclear dispatchable capacity by gas (or from 
imports). 

The model incorporates hourly load data, renewable production profiles, and investment costs for generation 
and storage technologies. Cost of CO2  can also be included. It has been calibrated with 2024 data from 
ENTSO-E and Elia serving as inputs. 

Several key findings emerge : 

• Nuclear power remains a cornerstone of affordability and security. Simulations show that keeping our 
original nuclear capacity could drastically reduce electricity costs, and the need for dispatchable backup 
from gas (and/or imports).  

• Renewables are contributing but are not sufficient alone. Solar and wind play a role in the decarbonization 
of the Belgian power system, but additional dispatchable means are needed. Further “hidden costs” arising 
from the flexibility requirements are not modelled here, in particular grid adaptation costs in case more 
renewables would be considered to replace gas.   

 

According to our simulation, the cost of the Nuclear Exit end of 2025 is  
 

3,2 Billions €/year 
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INTRODUCTION 
 

The Belgian electricity system is currently undergoing a profound transformation. Driven by the European 
Union’s decarbonization objectives and the need to ensure long-term energy security, policymakers, industry, 
and society face critical decisions about the country’s future energy mix. The choice of reducing nuclear 
capacity has far-reaching implications in terms of cost, environmental impact, and security of supply. 

To explore these questions, this report makes use of the SIMELSP3 simulation model, a tool designed to 
represent a national electricity mix under a wide range of input assumptions. The model allows for a detailed 
analysis of how different technologies interact by considering installed capacities, hourly demand profiles, 
weather conditions, priority rules in the dispatch order, technical and economic parameters, as well as some 
network constraints.  

For a given share between renewable sources (wind and solar having priority) and nuclear, the main outcomes 
are the amount of necessary gas produced electricity (or imports) to ensure the supply, the cost of electricity 
and the carbon footprint of the electricity mix.  

 

By simulating the Belgian electricity system under multiple sets of assumptions, the model was able to : 

• Identify the most sensitive parameters that influence overall system outcomes, 

• Compare scenarios in terms of economic performance (levelized cost of electricity, reliance on imports or 
role of gas), 

• Assess the environmental performance (greenhouse gas emissions),  

• Highlight trade-offs between affordability, sustainability, and security of supply. 

This approach intended to provide insights that are accessible to both technical experts and decisionmakers, 
thereby contributing to a more informed debate on Belgium’s energy future. 
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1 TOOL DESCRIPTION 
 

The model is developed on Microsoft Excel, which makes it both transparent and easy to use, while still 
offering high computational speed and flexibility. The model was developed in France by Mr Henri Prévot and 
is available for free access1. 

What distinguishes this simulator is its ability to go beyond simple back of the envelope cost calculations. It 
reproduces the hourly balance between electricity demand and supply, taking into account the variability of 
renewable resources, the dispatch priorities of different technologies, and the technical and economic 
parameters associated with each production source. This hour-by-hour granularity ensures that the results 
reflect the dynamic nature of electricity systems. 

The model integrates a wide range of factors, including: 

• Installed generation capacities (renewables (input), nuclear (input), fossil (calculated)), 
• Hourly demand profiles and weather-related production variability, 
• Storage technologies and their charging/discharging cycles, 
• Hydrogen production pathways and alternative uses of electricity (not used in this study), 
• Imports and exports, as well as network-related losses,  
• Cost assumptions for each technology and discount rates. 
• Cost of CO2. 
 
Its methodological approach the model developed was consistent with previous studies such as those of RTE 
(2018–2023) and ADEME (2017), which reinforces the robustness and credibility of its results. 

For practical purposes, the model is organized into several sheets, each covering a specific aspect of the 
simulation (inputs, cost assumptions, hourly demand, storage, and results). In this report, we primarily rely on 
the core sheet where scenario data are introduced and the main outputs are displayed. 

Overall, the SIMELSP3 simulator is a decision-support tool that allows us to explore how different choices in 
Belgium’s electricity mix, in terms of share between renewables and nuclear, affect three key dimensions: 

• Economic performance – cost of electricity production (€/kWh), 
• Environmental impact – CO₂ emissions, 
• Security of supply – needed reliance on natural gas or imports. 
  

 
1 https://www.hprevot.fr/calcul-parc-prod-electr.html  
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1.1 - Inputs 

 

The simulator requires a wide range of input parameters in order to accurately reproduce the Belgian 
electricity system. These inputs can be grouped into several categories: 

1.1.1 • Generation Capacities 

• Installed capacity for each technology (nuclear, gas, coal if any, hydro, wind, solar, biomass, etc.). 
• Assumptions regarding commissioning or decommissioning of plants in each scenario. 

1.1.2 • Demand and Load Profiles 

• Hourly electricity consumption data (“Chronique Hor.” sheet). 
• Adjustments to reflect demand evolution in different scenarios (e.g. electrification of heating and transport 

– not used in this study). 

1.1.3 • Weather-Dependent Production 

• Hourly profiles for renewable resources (solar irradiation, wind speeds, hydro inflows). 
• Typical meteorological year and weather datasets. 

1.1.4 • Storage and Flexibility 

• Installed storage capacities (batteries, pumped hydro, etc.). 
• Efficiency rates for charging/discharging. 
• Hydrogen production pathways and their capacity assumptions (not used in this study). 

1.1.5 • Economic and Financial Parameters 

• Investment costs, fixed and variable operating costs for all technologies (from “les coûts de production” 
sheet). This includes fees for decommissioning and waste management for nuclear plants. 

• Discount rate applied to cost calculations. 
• CO2 cost. 
• Fuel price assumptions for thermal plants. 

1.1.6 • System Constraints and Losses 

• Transmission and distribution losses. 
• Priority order in dispatch (renewables → nuclear → fossil backup, etc. The order can be changed by 

imposing nuclear first). 
• Import/export limits (not used in this study). 
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1.2 - Outputs 

 

Based on the given inputs, the simulator produces a detailed set of outputs that describe the performance 
of the electricity system under each scenario. The main categories of results include: 

1.2.1 • Economic Results 

• Levelized cost of electricity (€/kWh). 
• Total system cost (investment, operation, fuel, storage) 
• Sensitivity of costs to key parameters. 

1.2.2 • Environmental Indicators 

• Total CO₂ emissions. 
• Emission factors per unit of electricity generated. 

1.2.3 • System Operation 

• Hourly balance between demand and supply. 
• Utilization rates of each technology. 
• Storage operation (charging/discharging cycles). 
• Hydrogen production and consumption (not in this study). 

1.2.4 • Security of Supply 

• Import/export volumes (GWh). 
• Reliance on natural gas or other backup generation. 
• Unserved energy, if demand exceeds available supply. Lost if not used for other applications (ia 

Hydrogen).  
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2 DATA 2024 
 

The accuracy of any simulation strongly depends on the quality and credibility of the input data. In this 
study, we used reference sources to populate the model parameters. These include publicly available datasets, 
scientific studies, and official statistics related to weather conditions, electricity demand profiles, renewable 
resource availability, generation costs, and technology performance. By documenting the data sources, we 
ensure that the results of this study are reproducible and consistent with recognized benchmarks. 

 

2.1 - Consumption 

The data for Belgian electricity consumption were obtained from ENTSO-E (European Network of 
Transmission System Operators for Electricity). Their online platform provides publicly available datasets in 
CSV format, with load values reported at a 15-minute resolution. For the purpose of this study, we selected the 
dataset for the year 2024 as the reference consumption profile. From this dataset, hourly load values were 
reconstructed to serve as direct input for the model. This ensures that the simulations are based on realistic and 
up-to-date consumption patterns representative of the Belgian electricity system. 

Here is an example of what a day’s worth of data might look like. Of course, we only take the “Actual total 
load” data. 
 
 

 

Fig. 1. –  Quarterly consumption on 09/24/2024 
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2.2 - Installed Capacity 

Data on installed generation capacities in Belgium were also obtained from ENTSO-E, which provides 
detailed statistics on the national electricity system. For this report, we focus on the main sources of 
generation capacity in Belgium, as these represent the vast majority of the system’s production potential. 
Minor technologies with negligible contributions have been omitted. 

To illustrate these data, a summary table and a graphical representation are included below. These provide a 
clear overview of the relative importance of each technology in the Belgian electricity mix and serve as the 
foundation for the scenario simulations presented later in this study. 
 

 

 

Fig. 2. –  Installed Capacity per Production Type in 2025 

 

2.3 - Production data 

For the simulation of electricity production, the model combines installed generation capacities with 
capacity factors in order to estimate the contribution of each technology. This approach allows us to represent 
the typical output of nuclear, gas, hydro, solar, wind, and other sources under realistic operating conditions. 

For wind power, in addition to the installed capacity and average capacity factor, the simulator also relies on 
an hourly production profile. This profile is based on historical data (2019), which provides a realistic 
representation of the variability of wind generation throughout the year. The profile is then scaled according 
to the installed capacity specified in the scenarios, ensuring that the production data are consistent with both 
historical variability and the assumed system configuration. 
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For solar photovoltaic generation, the model applies the same methodology as for wind power. It relies on a 
reference hourly production profile derived from historical meteorological data (2013), which captures both 
the daily cycle of solar irradiation and its seasonal variability. This profile expresses the potential output per 
unit of installed capacity. In the simulations, it is then scaled according to the solar capacity assumed in each 
scenario. As a result, the model can reproduce the typical production patterns of photovoltaics, with zero 
output during nighttime, peaks around midday, and significant variation across seasons. 

In this way, the model captures the key dynamics of the Belgian electricity system: stable baseload 
technologies, flexible dispatchable units, and variable renewable sources whose output depends on 
meteorological conditions. 
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3 RESULTS 
 

In this section, we present the different scenarios that will be simulated with the model. Each scenario is 
defined by a set of assumptions on key parameters that strongly influence the Belgian electricity mix. The 
main parameters that will vary across scenarios include: 

• Installed capacities of the main generation sources (solar, onshore and offshore wind, natural gas, nuclear, 
etc.).  

• Total electricity consumption, reflecting demand 
• Storage capacities and associated investment costs, which determine the role of flexibility in balancing 

the system. 
• Discount rate, which directly impacts the economic evaluation of long-term investments. 
• Priority order of generation technologies, in particular whether nuclear generation is dispatched before 

or after other sources (renewables). The standard modelisation gives priority to renewables.  

After having validated the model with 2024 reference data, we turned to the prospective scenarios for 
2025. The aim is to assess how different assumptions regarding the Belgian nuclear fleet affect both the cost 
of electricity and the need for imports or additional gas-fired generation. 

Two contrasting cases will be compared: 

• A system with 2 GW of available nuclear capacity – as the reality at the end of 2025. 
• A system with 6 GW of nuclear capacity – as if the nuclear plants would not have been shutdown. 

By analysing these two scenarios, we can better understand the role of nuclear by quantifying the impact of 
the phase out law on costs, carbon footprint and security of supply (recourse to gas). 
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3.1 Less nuclear (2GW) 

Parameter Input 

Total consumption 85 TWh 

Nuclear power capacity 2 GW 

On-shore wind power 
capacity 

3,1 GW 

Off-shore wind power 
capacity 

2,2 GW 

Solar power capacity 10,5 GW 

Thermic renewables 6 TWh 

Batteries 0 GWh 

Coo Storage (Hydro) 6,4 GWh 
 

Parameter Output 

Cost without CO₂ 112,7 €/MWh 

Cost with CO₂ 128,4 €/MWh 

Energy to be imported or 
produced with gas 

44,32 TWh 

Unused energy 0 TWh 

 

 

3.2 More nuclear (6GW) 

Parameter Input 

Total consumption 85 TWh 

Nuclear power capacity 6 GW 

On-shore wind power 
capacity 

3,1 GW 

Off-shore wind power 
capacity 

2,2 GW 

Solar power capacity 10,5 GW 

Thermic renewables 6 TWh 

Batteries 0 GWh 

Coo Storage (Hydro) 6,4 GWh 
 

Parameter Output 

Cost without CO₂ 84,8 €/MWh 

Cost with CO₂ 90,8 €/MWh 

Energy to be imported or 
produced with gas 

17,07 TWh 

Unused energy 0,5 TWh 
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3.3 Graphical comparison 

By taking the results above and adding those for 0GW and 4GW, we can highlight one of the trends 
concerning the cost of electricity (with CO₂) and the need for energy produced by controllable capacity or 
imported. 

 

Fig. 3. –  Evolution of Electricity Cost and Dispatchable Capacity Need (by gas or import) as a Function of 
Belgian Nuclear Capacity 

 
 
This comparison shows that using 6GW of Belgium’s existing nuclear power plants reduces drastically 
electricity costs, the recourse to gas (or imports) and therefore the carbon footprint, and so, increases the 
security of supply.  
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4 Cost of Nuclear Exit in 2025 
 

Due to the closing of 4 GW from 2022 to 2025 (Doel 3, Tihange 2, Doel 1, Tihange 1, Doel 2), the Belgian 
nuclear park has a remaining capacity of 2 GW (Tihange 3 and Doel 4). Taking into account the results of 
our simulation, with 2 GW, the cost of the Belgian electricity is :  
 

85.000.000 MWh/year x 112,7 €/MWh = 9,580 Billions €/year – w/o CO2 cost  
85.000.000 MWh/year x 128,4 €/MWh = 10,914 Billions €/year – with CO2 cost 

 
While keeping its original capacity of 6 GW, according to the results of our simulation, the cost of the 
Belgian electricity would be :  
 

85.000.000 MWh/year x 84,8 €/MWh = 7,208 Billions €/year – w/o CO2 cost 
85.000.000 MWh/year x 90,8 €/MWh = 7,718 Billions €/year – with CO2 cost  

 

 
 
The cost of closing 4 GW of nuclear capacity at the end of 2025, instead to 
keeping them in long term operation is therefore evaluated at  
 

3,2 Billions €/year 
 
 
 
 

 
 
The study was performed by a student, Quentin Lecart, under the supervision of Mr Henti Prévot as 
developer and owner of the model, and MM Marc Deffrennes and Henri Marenne for 100 TWh 

 
 


