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Nuclear (de)commissioning in Flanders 

Dries Carmeliet, December 14, 2019 

 

1 Introduction 

On 13 October 2018, three out of the four nuclear power reactors in Flanders were 

shut down. The power plants, dating back from the seventies and eighties, have 

been plagued by unexpected shutdowns in recent years. Doel 1 (433 MW, 1975) has 

been out of service for ten months due to a water leakage in the emergency cooling 

system of the reactor. When Doel 3 (1,006 MW, 1982) was shut down in 2012 for 

maintenance, a new inspection technology that deployed ultrasound was used to 

examine the reactor. The tests revealed thousands of semi-laminar flaws in the 

reactor vessel’s steel rings1. Because not all the hydrogen was removed during the 

creation of the metal shell of the reactor, hydrogen flakes had formed in the steel 

barrier. After almost a year of inspections, the  flaws were judged benign and the 

reactor reopened on the condition of periodical testing. Two years later, additional 

tests that deployed yet newer technologies revealed that the flaws were bigger than 

originally expected. The reactor was taken off the grid again for further inspection. 

After more than 1500 tests conducted by both national and international scientists, 

the reactor was considered safe and ready for use. After a year of inactivity, the 

reactor was reopened. In the meantime, a debate concerning the safety of Flanders’ 

nuclear power plants raged in the media. The hydrogen flakes were falsely identified 

as “micro-cracks”, which skewed the public opinion about the reactors. In 2014, an 

oil valve had been opened in Doel 4 (1,039 MW, 1985) that caused the turbine to 

overheat. Because the authorities suspected sabotage, the plant was closed for four 

months to shore up the security.  

 

In addition to the unexpected shutdowns, a complex regulatory framework exists 

that brings uncertainty regarding the reactors’ future. In 2003, the administration 

of prime minister Guy Verhofstadt passed a law mandating a nuclear phase-out 

(“De Wet of de Kernuistap”). The law prohibited the construction of new nuclear 

power plants and imposed a maximum life-span of 40 years on the existing 



2 
 

reactors. However, the law included a conditionality clause that detailed that the 

nuclear power plants would only be decommissioned if their closure did not 

compromise Flanders’ energy security. On February 2015, Doel 1 was shut down 

following the law’s mandate. A few months later, the administration of prime 

minister Charles Michel amended the law by adding an additional life-span of ten 

years to Doel 1 and 2 and the reactor reopened out of concern for an inadequate 

power supply. Doel 1, 2 and 4 are now scheduled to remain in operating until 2025, 

Doel 3 is scheduled to close in 2022. Table 1 summarizes the capacity factors (CF) 

of the four nuclear reactors in Doel. 

 

Capacity factor Doel 1 Doel 2 Doel 3 Doel 4 

2018 31% 39% 43% 61% 
2017 90% 90% 72% 82% 
2016 79% 80% 83% 97% 
2015 10% 78% 1% 85% 
2014 94% 93% 24% 54% 
2013 98% 94% 57% 93% 
2012 91% 86% 42% 86% 

 

Table 1: Capacity factors of the nuclear reactors in Doel2 

 

Because the four nuclear reactors of Doel have supplied almost half of the Flemish 

electricity since their commissioning, the expected and unexpected shutdowns have 

heavily impacted Flanders’ energy security. The region has become more dependent 

on electricity imports, which brings its own set of financial and geopolitical 

concerns. If all four nuclear power plants close in the next five years, Flanders will 

face a major power shortage. As a result, the debate concerning the future of the 

nuclear power plants has resurfaced. Opponents argue that the reactors pose a 

security threat because they are located in a very densely populated area, which 

would be almost impossible to evacuate in a short timeframe. Furthermore, they 

argue that continued investments in nuclear energy hinder investments in 

renewables. While these arguments may be warranted, the question remains: how 

will Flanders secure its electricity supply when the nuclear power plants close? 
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2 Climate policy goals 

Flanders is lagging behind its climate goals. The European Union mandated 

Flanders to reduce its green house gas (GHG) emissions in 2020 by 15.7% compared 

to the 2005 levels. Currently, only a 6% reduction has been achieved.3 With only 

one year left on the clock, it seems impossible to achieve the European targets.  

Furthermore, it makes the 35% reduction target for 2030 even harder. 

 

2.1 Business as usual 

In the spring of 2019, Marie-Christine Marghem, the Belgian minister for Energy, 

Climate and Sustainability, submitted a bill with proposals to substitute the nuclear 

power. The proposal details a plan for the construction of 4 to 9 natural gas power 

plants.4 Not only would this completely nullify Flanders’ efforts to reduce its green 

house gas emissions, it would also require up to a billion euros a year in subsidies 

for the next 15 years. This in turn would result in higher electricity prices for the 

consumer. Therefore the proposal was heavily criticized both by the left and the 

right of the political spectrum. The former (Sp.a) argue for prolonging the life of the 

existing natural gas plants, the latter (NVA) argue for prolonging the life of the 

nuclear power plants. Meanwhile, the green party (Groen) argues for a complete 

substituting of the nuclear power with renewables.  

 

Figure 1: Age structure of Flanders’ current electricity generation (based on data of 2017)5,6 
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2.2 Deep decarbonization 

Most disconcerting of all in the debate about the decommissioning of the nuclear 

power plants, is the narrow-mindedness of the substitution proposals.  

First of all, it is unfeasible to replace the nuclear power plants with renewables in 

the short term. If the amended law of 2003 is enforced and all reactor close within 

five years, Flanders will need to build three times as much renewables of solar and 

wind as it has accumulated over the last 15 years. In other words, it would require 

an adoption rate of renewables that is 9 times higher as it has been on average 

during the past 15 years. Furthermore, no storage technology is readily available to 

resolve the power dips that will occur due to a lack of wind or sun when renewables 

would account for over 60% of the total energy consumption. This might in turn 

result in the use of very inefficient and polluting gas peaking power plants in times 

of electricity shortage.  

Secondly, the substitution debate revolves around the energy needs of today, instead 

of the energy needs of tomorrow. The Flemish government promotes green 

technologies like heat pumps and electric cars, which all require electricity instead 

of natural gas and oil. It is therefore to be expected that the electricity consumption 

will rise in the future.  

Lastly, these substitution plans do not account for the fact that Flanders already 

imports about 20% of its electricity consumption. From the countries Flanders 

imports electricity from, Germany has with 36% the highest rate of renewables. 

Therefore it would be naive to expect that Flanders could import clean renewable 

energy from its neighbouring countries any time soon.  

It seems almost inconceivable that a highly developed region like Flanders with 

ambitious climate goals would invest in natural gas power plants that will remain in 

operating for at least 25 years. If Flanders is serious about pursuing a deep 

decarbonization, it will need to fundamentally rethink its electricity production.  
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3 Energy mix 

In order to evaluate a robust plan for the future electricity generation, we first 

require an estimate of the electricity consumption. Therefore the current energy 

mix is examined, followed by a series of assumptions for a transition to a deep 

decarbonization. 

 

3.1 Current energy mix 

Currently, the energy mix in Flanders consists of 34% oil, 9% coal, 36% natural gas, 

7% biomass, 7% nuclear power, 3% electricityimports, 1.5% wind power and 1% solar 

power. Oil bunker for international shipping and air travel are excluded from these 

numbers. The total primary energy consumption is 294 TWh or 123 kWh per day 

per person.  

Of the primary energy, 33% is consumed by industries, 21% by the transportation 

sector, 28% by buildings and 23% is fuel loss. Noteworthy is the coal use, which is 

integrally consumed by the iron and steel industry. About 40% of the natural gas 

and electricity consumed by industries go to the chemical industry. 

 

Figure 2: Flanders’ current energy mix (based on data of 2017)5,6  
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3.2 Decarbonized energy mix 

In order to decarbonize, the future energy mix of Flanders will need to phase out as 

much fossil fuels as possible and replace them with low-carbon technologies like 

renewables, biomass and nuclear power. Making a substantive estimate of the 

future energy consumption is a challenging and comprehensive task. For the 

purpose of this paper, a set of assumptions and simplifications are therefore made.  

Firstly, changes in the energy consumption of the industries are not 

considered. The technologies that could be deployed to decarbonize 

specialized industrial processes are diverse and hard to quantify. 

Furthermore, fuels are sometimes linked to industrial processes and might be 

hard to replace (e.g. cokes production from coal for the iron industry). 

Secondly, this paper does not consider changes in the electricity use of appliances in 

buildings. While it may be argued that the electricity use will be reduced due to 

increased efficiencies of existing technologies, there is a tendency towards more 

electricity consumption with the advent of new technologies. 

Thirdly, this paper only considers only the region of Flanders, because of the 

complex regulatory framework in Belgium. Belgium has six parliaments, of 

which three have a minister of Energy. As a result, no dataset is unified over 

the whole country. While it might be argued that more space is available for 

renewable technologies in the Wallonia region, the opposite applies for the 

third region, Brussels. Therefore this paper will only consider the energy 

generation and consumption in Flanders.  

Lastly, the plan strives towards zero net electricity imports.  

In conclusions, this paper focuses on two technologies in two sectors: electrification 

of vehicles in the transportation sector and replacing natural gas and oil by heat 

pumps in the buildings sector. The calculations are meant to be order of magnitude 

estimates. 
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The main energy consumption for buildings in Flanders is heating. Assuming a 

desired inside temperature of 18°C in winter and 25°C in summer, the region had 

an average of 48 cooling degree days (CDD) and an average of 1950 heating degree 

days (HDD) over the last decade7. Of the current energy consumption for heating, 

64% is natural gas, 28% is oil and 7% is biomass. Only 1.3% of the heat was 

generated by heat pumps and solar water heaters in 20178. Condensing gas boiler 

have a theoretical efficiency of 99%, condensing oil boilers have a theoretical 

efficiency of 98%. In reality, the bulk of the building stock does not employ state of 

the art boilers, so lower efficiencies are to be expected. Heat pumps transport heat 

rather than producing it and therefore have efficiencies greater than 100%. State of 

the art models have a theoretical coefficient of performance (COP) of 5. However, 

this COP is only achieved in perfect conditions in the summer, when there is no 

heat requirement. In the winter, COPs are lower. In conclusion, reasonable 

assumptions would be efficiencies of 94% for gas combustion, 90% for oil 

combustion for the existing buildings and a COP of 3 for heat pumps. Therefore 

significant gains are to be had by replacing fossil fuel combustions with heat pumps 

not only in reducing green house gas emissions, but also by reducing the overall 

energy requirement due to their higher efficiencies.  

 

Technology current future 
[TWh] 
  end-use efficiencies 

primary 
fuel use end-use 

 
efficiencies 

primary 
fuel use 

gas boiler 43.4 94% 46,0    

oil boiler 18.8 90% 20,9    

heat pump    66,9 300% 22.3 
 

Table 2: required electricity after replacing fossil fuels with heat pump for building heating 

(based on data of 2017)5,6 

 

The implementation of heat pumps as a replacement for gas and oil boilers can save 
up to 44,6 TWh or 66% of primary energy (assumed that the electricity is generated 
directly). On the other hand, an additional capacity of 22,3 TWh of electricity would 
be required. 
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The second examined technology is the electrification of cars. Currently, 97% of 

transportation energy is consumed by road transport, 2.3% by inland water 

transport and 0.4% by rail. Therefore, we will examine the potential benefits of 

electrifying the road transport. Of these vehicles, 97% are internal combustion 

engines (ICE) that require oil. We estimate that the average ICE car in Flanders has 

an efficiency of 75 kWh/100km. We estimate that the average electric vehicle (EV) 

has an efficiency of 25 kWh/100km. Therefore, there are obvious and significant 

gains in electrifying the road transport. If we substitute all of the ICE vehicles for 

electric vehicles and assume the same mileage is travelled, the transportation is 

reduced by two-thirds. This would save up to 38 TWh of primary energy. On the 

other hand, this would require an additional capacity of 19 TWh of electricity.  

Figure 3: Flanders’ future energy mix 

 

Summing up the electricity required for heat pumps and electric vehicles, Flanders 

would need an additional energy generation of 41,3 TWh. If Flanders stops 

importing electricity and closes its nuclear power plants, this adds to a total 

additional electricity requirement of 79 TWh. The total consumption of primary 

energy is reduced from 294 TWh to 175 TWh, which is a 41% decline.  
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4 Spatial barriers 

Flanders is a very densely populated region. It has been described as one large 

diffuse city with nodes of higher and lower density. As a result, every patch of the 

land is intensively exploited and has a high monetary value. Different land uses like 

urbanization, agriculture and nature constantly compete for the same space. 

Unsurprisingly, it is a major challenge to implement renewable technologies in such 

a spatial context. Onshore wind turbines can not be hidden out of sight and 

therefore are largely clustered along highways and on industrial sites. Due to its 

latitude and temperate climate, the solar irradiation is only 43% (2.93 kWh/m²) of 

its maximum value at the tropics (6.7 kWh/m²)9. The production of biomass 

competes with intensive sustenance agriculture. Furthermore, the region is flat and 

therefore unable to exploit hydropower. The shoreline and territorial waters are 

fairly small in comparison to Flanders’ land mass. Although these waters have 

favourable amounts of wind (890 W/m²)10, most of the area is used as shipping 

corridors, natural parks and fishing grounds.  

 

Currently, the energy production in Flanders is still mostly centralized. The nuclear 

power plant of Doel is located in the harbor of Antwerp, in the North of the region. 

In the harbor of Gent, a biomass plant is located that burns wood pellets. It should 

be questioned however whether such plants that burn pellets imported from the 

United States and Canada, can be considered a green fuel (Schlesinger, 2018). Not 

only does it take a long time to achieve a carbon balance to regrow the trees these 

pellets are made from, it also requires long distance sea freight. A series of 13 

natural gas power plants are located near regional cities. Of these, three are simple 

cycle gas plants (12% of electricity production), two are combined heat and power 

plants (8% of production) and eight are combined cycle gas plants.  

 

Noteworthy is the recent expanse of offshore wind in the North Sea. Currently, a 

capacity of 871 MW has been installed. Another 1,385 MW, located in the same 

concession zone, is already under construction and scheduled to go on the grid by 

the end of 2020. A second concession zone is yet to be exploited.  
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Onshore wind is mostly located near highways and on industrial sites. Due to 

generous subsidies, Flanders has known an early first wave of adoption of solar 

photovoltaic panels (PV). There was a particular boom from 2010 to 2012 (Figure 

1). The vast majority of solar panels are deployed on the roofs of privately and 

publicly owned buildings. About 1% of all PV panels are located on solar farms.   

 

 

 

 

Figure 4: Flanders’ current electricity production (based on data of 2017) 5,6 

 

Given these spatial constraints, implementing renewables on a large scale is a major 

challenge in Flanders. However, if Flanders wants to decarbonize, the above 

calculation shows it will need an additional 79 TWh of electricity generation. To 

evaluate the feasibility of such a plan, this paper provides some rough order of 

magnitude calculations to estimate the potential of renewable technologies in 

Flanders.  
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4.1 Scenario A: renewables 

During the last five years, offshore wind is the most rapid growing renewable 

technology in Flanders. While this is not the cheapest renewable, its success is most 

easily explained due to the availability of unpopulated space in the North Sea. 

Furthermore, Deme and Jan de Nul Group are two Belgian industry leading 

companies in offshore wind installation. When the first concession zone will be 

completed by the end of 2020, this zone will have a nameplate capacity of 2,256 

MW11. With capacity factors around 40%, the expected yearly production is 8 TWh. 

The second concession zone is almost two and a halve times as large as the first. 

Assuming the same electricity generation per square meter, the total potential for 

offshore wind in the Belgian territorial waters in the North Sea is 20 TWh.  

 

To estimate the potential of wind, biomass and solar in Flanders, the productivity of 

these technologies per square kilometre is considered, as well as the theoretically 

available space for each technology. Labo Ruimte, a team under the supervision of 

the Flemish Government Architect (“Vlaams Bouwmeester”), has conducted a study 

titled Flanders’ Energy Landscape (“Energielandschap Vlaanderen”) into these 

metrics12. To asses the available land for onshore wind, they assumed that every 

patch of land that is currently not urbanized, might be suitable. The number they 

found, 13,859 km², should thus be seen as a theoretical maximum if no attention is 

paid to either the landscape or the land-use. Furthermore, this calculation does not 

consider the legal framework. A rule still stands that wind turbines should be at 

least 250 meters removed from a neighbouring house. The study then conducted a 

series of case studies that showed the realistic maximum potential of onshore wind 

was 10 to 15% of the theoretical figure.  

To asses the available land for solar PV, Labo Ruimte assumed 10% of all 

agricultural land could be converted into solar farms and 50% of all building roofs 

would be suitable. This resulted in a theoretical maximum area of 1,728 km² of 

available space in Flanders. Again, the case-studies showed that the realistic 

maximum potential was far lower, between 10 and 25%.  
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Table 3 summarizes the findings by Labo Ruimte of the theoretical available space 

and productivity of renewable technologies. With these numbers, it is now possible 

to make our own estimates of the requires percentage of land use for each 

technology in order to add up to a total generation of 79 TWh.  

 

Technology Productivity 
GWh/km²/y 

Theoretical 
available land km² 

% land use in 
scenario A  

Production 
TWh/y 

Wind offshore 43 465 100% 20 
Wind onshore 26 13,859 12% 41,4 
Solar 90 1,728 11% 17.9 
Biomass 6 - 0% - 
 

Table 3: scenario A: proposed additional electricity production11 

 

Offshore wind is fully exploited in this scenario, because of its high productivity per 

square meter and the availability of space in the North Sea. Biomass on the other 

hand, is not considered at all. This technology competes with agricultural land-use, 

and therefore also with solar farms. The electricity yields of a solar farm are up to 

15 times higher than cultivating biomass, which makes this the least suitable 

renewable technology in Flanders. 

The remaining electricity requirement is divided between solar and onshore wind. 

Assuming they take up almost an equal share of their respective theoretical land-

uses, this requires that Flanders builds 12% of its non-urbanized land with wind 

turbines and 11% of the land suitable for solar PV. If 2MW, 104 meter high wind 

turbines are used, this would roughly require 13,000 turbines. For comparison, in 

2017 there were 1,150 wind turbines in operation. If 250W solar panels are used, 

this would require roughly 78,000,000 panels.  

Needless to say, this would require a major policy shift as well as a cultural 

acceptation of wind turbines as part of the landscape. These calculations are quick 

and imprecise estimates. However, what they undoubtingly reveal is the order of 

magnitude of renewables that would be required for a deep decarbonization. 

Flanders would need to build roughly ten times as many wind turbines and solar 

panels as have been accumulated over the last decades.  
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4.1 Scenario B: renewables and nuclear power  

The above calculation starts to draw a picture of what a renewable Flemish 

landscape might look like. Wind and solar technologies require a lot of space. In 

comparison, fossil fuel and nuclear power plants have smaller footprints. The 

nuclear power plant in Doel produced 21 TWh of electricity in 2017 on a footprint 

of just 0,8 km². Additionally, nuclear power has the advantage of predictability. As 

stated above, no technology exists for the storage of electricity that could be 

deployed at scale in Flanders. Therefore we imagine a second scenario where the 

existing nuclear production is retained (or rebuilt).  

 

Technology Productivity 
GWh/km²/y 

Theoretical 
available land km² 

% land use in 
scenario B  

Production 
TWh/y 

Wind offshore 43 465 100% 20 
Wind onshore 26 13,859 7% 26.3 
Solar 90 1,728 7% 10.9 
Biomass 6 - 0% - 
Nuclear 26,700 0,8 100% 21.8 
 

Table 4: scenario B: proposed additional electricity production11 

 

This scenario would require Flanders to build 7% of its non-urbanized land with 

wind turbines and 7% of the land suitable for solar. Assuming the same wind 

turbines and solar panels, this translates into 8,000 wind turbines and 50,000,000 

solar panels. Needless to say, this is still a monumental task. 

If we redraw the map of Flanders energy production (Figure 4) with these 

assumptions, the image we get starts to look very different (Figure 5). The two main 

energetic centres are the offshore wind farms on the North Sea and the nuclear 

power plants in Antwerp. These two hubs supply roughly 40% of the future energy 

requirement. These are then supplemented by a dispersed grid of solar and onshore 

wind generation. To make such a scenario feasible, the dispersion would have to be 

approximately equally dense for the whole region. However there are benefits to 

local consumption and production of energy, such a decentralized electricity 

generation would require major changes to the existing grid.  
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Figure 5: a scenario for Flanders’ future electricity production 

 

4 Other barriers 

In order to construct a feasible path towards a self-reliant, deep decarbonized 

Flanders, our policy recommendation is to invest concurrently in renewable and 

nuclear power. To achieve either of these goals, many policy barriers will have to be 

overcome. For nuclear power, the law of 2003 prohibiting the construction of new 

nuclear power plants will have to be revoked. For solar PV, the limit on the 

maximum allowed numbers of solar panels per residence would have to be lifted, 

which would in turn require changes to the grid. For wind turbines, the standing 

rule that turbines can’t be located within 250 meters of an existing house, would 

have to be revoked.  

 

The second barrier is the public support for each of these technologies. Wind 

turbines in particular will face an uphill battle on the local level. Flanders has a 

broad history of public protests against land-use changes in its rural villages. The 

“Not In My Back Yard” (NIMBY) sentiment is as alive as ever in recent years.   
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Therefore the argument could be made that it is better to fight a large battle (for a 

nuclear power plant) once, instead of fighting a thousand small battles over a 

prolonged period of time.  

 

Lastly, the third barrier is the return of investment for each of these technologies. 

Table 5 summarizes the findings of the Lazard report into the Levelized Cost of 

Energy (LCOE). In order to provide an accurate picture, the LCOE calculates all 

costs over the lifetime of a technology, divided by the total amount of electricity 

produced over its lifetime. 

 

Technology 
$/MWh 

Solar PV Onshore wind Offshore wind Nuclear 

Minimum 36 29 - 112 
Maximum 267 56 - 189 
Average 152 43 92 151 
 

Table 5: Levelized Cost of Energy for solar, wind and nuclear power13 

 

These number clearly show the competitiveness of on- and offshore wind. Recently, 

they even outcompete fossil fuels. By comparison, a combined cycle gas plant has an 

average LCOE of 58 $/MWh. Solar and nuclear power are considerably more 

expensive. It should however be noted that the costs of solar PV have dropped the 

fastest of all these technologies during the last decade and might continue to do so. 

On the other hand, the reverse might apply for nuclear power. Due to increased 

safety requirements, the costs of constructing new nuclear power plants continues 

to rise. 

 

 

This paper was submitted for MIT 11.477J “Urban Energy Systems & Policy” under the 

supervision of prof. David Hsu. 
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