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EXECUTIVE 
SUMMARY

Le 20 avril 2016, Elia a publié 
une étude concernant le besoin 
d’adéquation et de fl exibilité du 
système électrique belge pour la 
période 2017-2027. À la suite de 
ce rapport, la Direction générale de 
l'Énergie du SPF Économie a organisé 
une consultation publique. Ensuite, le 
25 juillet 2016, Mme Marie-Christine 
Marghem, ministre de l'Énergie, 
a chargé Elia d’évaluer plusieurs 
scénarios complémentaires basés sur 
de nouvelles hypothèses.

Ce rapport présente un aperçu des hypothèses 
demandées et des scénarios qui en découlent. Les 
résultats seront abordés dans le contexte de l'évolution 
attendue du système électrique en Belgique et dans les 
pays voisins.

Les hypothèses complémentaires ont comme 
caractéristique une baisse considérable de la capacité 
de production disponible dans les pays voisins. Le 
nouveau scénario qui en découle envisage la fermeture 
additionnelle de 44 GW de centrales au lignite et au 
charbon dans les pays voisins, en plus des fermetures 
déjà prises en compte dans le scénario de référence 
d'avril 2016. L'étude initiale comportait également un 
scénario « Low capacity » envisageant le même plan de 
fermeture. Il était donc attendu (et cela s’est confi rmé) 
que les résultats du scénario additionnel soient proches 
du scénario « Low capacity » d'avril, qu'Elia avait 
présenté comme un « stress test ».

Bien qu'une telle fermeture massive de centrales au 
lignite et au charbon ne puisse être exclue a priori, il 
convient d'exprimer des réserves à ce sujet. Si cette 
évolution devait aboutir à une situation où les pays 
voisins (principalement le Royaume-Uni, la France 
et l'Allemagne) ne satisfaisaient pas aux critères 
d’adéquation, des mesures seraient prises afi n de 
combler le besoin par d'autres moyens (ou d’être en 
mesure de le combler lorsque nécessaire). Ces mesures 
sont par exemple : la construction de turbines à gaz 
à circuit ouvert (éventuellement même en dehors du 
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marché, comme une forme de réserve stratégique, 
comme c'est prévu en Allemagne), la « mise sous 
cocon » de centrales dont la fermeture a été annoncée 
(Pays-Bas), le développement accéléré de programmes 
relatifs à la gestion de la demande, la promotion 
des systèmes de stockage et enfin l'adoption de 
mécanismes de rémunération de la capacité (Royaume-
Uni et France). Grâce à ces mesures, le scénario « Low 
Capacity » ne se réaliserait pas, ce qui empêcherait 
la survenance d'une réduction considérable des 
possibilités d'exportation à destination de la Belgique 
telle qu’elle apparaît dans les scénarios additionnels. 
Ceci confirme également qu'un tel scénario doit être 
considéré comme un « stress test » extrême contre 
lequel des mesures peuvent encore être prises, dont 
certaines à un stade ultérieur.  

Outre les modifications apportées au scénario (par ordre 
d’importance : l'augmentation du taux de croissance de 
la consommation, le remplacement de la biomasse par 
de la cogénération, la légère augmentation de la capacité 
de stockage,...), il importe également de signaler les 
sensibilités liées à la capacité d'importation. 

Outre la valeur de « référence » de 6500 MW qu'Elia 
considère comme une valeur probable à partir de 2021, 
il a également été demandé de prendre en considération 
une capacité d'importation de 3500 MW et de 8000 MW 
en 2027. En ce qui concerne le premier chiffre, Elia tient 
à signaler que la capacité d'importation commerciale 
moyenne mise à la disposition du marché day ahead 
au cours du premier trimestre 2016 (donc sans les 
interconnexions ALEGrO et NEMO, en construction) 
s'élevait à 4400 MW. En ce qui concerne l’hypothèse de 
8000 MW, une telle capacité d'importation commerciale, 
pour être disponible en continu, nécessiterait le lancement 
de projets d'interconnexion venant s’ajouter à ceux déjà 
prévus, et dont la réalisation pendant la période couverte 
par l'étude pourrait être hypothéquée. 

En ce qui concerne ces sensibilités, il est essentiel de 
constater que chacun des trois scénarios d'importation 
(3500, 6500 et 8000 MW) aboutit au même volume pour 
le « bloc structurel », soit à chaque fois 9000 MW en 2027. 
Cette situation s'explique par le fait que, compte tenu de 
la capacité de production très faible dans les pays voisins, 
c'est cette dernière, et non la capacité de transport, 
qui est déterminante pour le potentiel d'importation aux 
périodes de pointe critiques. 

Le calcul qu'Elia a effectué sur l’adéquation des pays 
voisins illustre un exemple frappant du caractère radical 
de ce scénario. Avec le scénario utilisé, la France 
atteint à peine le critère LOLE de 3 heures, et ce grâce 
à l'emploi massif des interconnexions (et l’adéquation 
aux Pays-Bas repose sur les pays voisins pendant 4940 
heures par an).

Bien entendu, les sensibilités sur la capacité 
d'importation influencent fortement la durée d'utilisation 
annuelle des moyens de production qui constituent 
le « bloc structurel ». Il convient de souligner à cet 
égard que la durée d'utilisation calculée dans cette 

étude reflète le déploiement minimal des moyens à 
des fins d’adéquation, en partant du principe que les 
moyens de production de ce « bloc structurel » ne 
sont pas compétitifs. Le déploiement économique des 
moyens de production dépend en premier lieu de leur 
compétitivité selon un merit order qui est européen, et 
non simplement national.

Réaction à la consultation publique
La liste de questions et réponses jointe à l'étude apporte 
certains éclaircissements, en réponse aux réactions de 
la consultation publique. Certains de ces points ont un 
caractère purement descriptif, notamment l'explication 
du concept de « bloc structurel » utilisé dans l'étude. Le 
bloc structurel indique pour chaque année l'énergie et 
la capacité supplémentaires nécessaires pour répondre 
à la demande, compte tenu des moyens déjà connus 
et du volume d'importation disponible estimé. Le bloc 
structurel peut être constitué de moyens de production 
ou de stockage ou par de la gestion supplémentaire 
de la demande. Elia reste entièrement neutre en ce qui 
concerne le choix de ces moyens.

Il ressort également de la consultation que certains 
participants ont une impression de contradiction entre 
le développement de réseaux d'interconnexion et de 
moyens de production sur le territoire national. Certains 
répondants ont proposé à juste titre de prendre les 
décisions de construction d’interconnexions sur la base 
d'une optimisation sociétale globale des coûts.
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Depuis quelques années, ENTSO-E met au point 
une méthodologie tenant compte des coûts et des 
avantages sociétaux lors de chaque décision de 
construction. Cette méthodologie (Cost Benefit 
Analysis - CBA) a été validée par la Commission 
Européenne et est appliquée aux décisions de 
construction des interconnexions Elia faisant partie 
du plan actuel. Dans le plan de développement 
actuel, l'amélioration de l’adéquation n'a jamais 
constitué un critère prépondérant. Les critères les plus 
importants sont la compétitivité du prix belge dans le 
contexte de merit order européen et l'intégration des 
énergies renouvelables. Compte tenu des évolutions 
attendues au cours des décennies à venir, ce dernier 
critère gagnera fortement en importance. En effet, 
d'importantes capacités solaires et éoliennes entraînent 
systématiquement des excédents ou des pénuries au 
niveau local, qu'il est préférable de prendre en charge 
par l'intermédiaire de grands réseaux. Plusieurs études 
indépendantes ainsi que l'expérience acquise au 
Danemark et en Allemagne le confirment.

Bien que l’adéquation ne constitue pas un objectif en soi 
dans la décision de construction des interconnexions, il 
est indéniable que celles-ci apportent une contribution 
substantielle à l’adéquation en Belgique et dans les 
autres pays voisins. C'est ce qui ressort du reste 
clairement des chiffres de l'étude (voir figure 3 dans 
cette étude). Il existe, dans les études indépendantes, 
un consensus relativement large sur le fait que les 
combustibles fossiles continueront à jouer jusqu'en 
2050 un rôle majeur dans un mix énergétique 
caractérisé par la présence croissante des énergies 
renouvelables. Des interconnexions fortes sont par 
conséquent indispensables et ne constituent pas un 
obstacle pour les régions dans lesquelles des centrales 
au gaz efficaces sont exploitées ou développées. 
Cela signifie concrètement que des centrales au gaz 
belges efficaces, malgré les 12 à 15 GW de capacité 
renouvelable et de capacités décentralisées diverses 
présentes sur le territoire national, peuvent atteindre un 
niveau d'utilisation annuelle élevé dans le merit order 
européen grâce aux interconnexions. Il faut reconnaître 
qu'une telle situation n'est pas (encore) une réalité 
aujourd’hui, car le merit order est surtout « coal before 
gas » en raison du faible niveau des prix du CO

2. 
Toutefois, dans ce cas, des interconnexions solides 
sont indispensables pour maintenir les prix à un niveau 
acceptable pour le consommateur belge par rapport 
aux pays voisins disposant de centrales au lignite ou au 
charbon. 

Ce principe s'applique également aux volumes 
d'importation : un niveau élevé d'interconnexion 
n'aboutit pas forcément à un niveau d'importation 
élevé dans le pays. Au contraire, la poursuite du 
développement des sources d'énergie renouvelables 
intérieures combinée aux interconnexions contribue 
à la décarbonation de la région CWE. En outre, cette 
évolution ne pourra qu’être favorable à la valeur 
économique des centrales efficaces sur le marché 
européen, pour autant que le merit order passe de « coal 
before gas » à « gas before coal », conformément à la 
politique climatique européenne. 

Prochaines étapes
Les résultats de l’analyse des besoins de l’étude initiale 
ainsi que du présent addendum montrent qu’une 
capacité substantielle (de production, stockage, gestion 
de la demande) est nécessaire, mais aussi qu’une 
grande partie de ces moyens seront utilisés pendant un 
nombre très limité d’heures chaque année pour assurer 
la sécurité d’approvisionnement.

Il convient donc d'entamer les discussions qui devront 
mener à des décisions sur des mesures ou des 
mécanismes appropriés. Pour ce faire, il convient 
d’accorder une attention particulière notamment aux 
éléments suivants:

—  Les possibilités de constitution et de répartition du 
bloc structurel qui a été défini, entre les différents 
segments et technologies (production, stockage, 
gestion de la demande...). Une analyse technico-
économique plus poussée sur chacun de ces 
segments, qui doit être effectuée en envisageant les 
conséquences qui en découlent pour la Belgique ;

—  Aucune réflexion sur l'opportunité de la mise en 
place d'un mécanisme de capacité ne doit être 
isolée. Toute réflexion de cette nature devrait être 
coordonnée et harmonisée avec les pays voisins 
(et éventuellement mise en œuvre), compte tenu du 
degré élevé d'interconnexion de la Belgique avec ses 
voisins et sa position centrale en Europe.

Le lancement de cette discussion en temps utile est 
important pour garantir la disponibilité des moyens pour 
le début de la sortie du nucléaire (2023). En effet, il ne 
faut pas perdre de temps pour fournir un cadre clair 
et stable aux acteurs de marché afin qu'ils puissent 
prendre les bonnes décisions en connaissance de 
cause et puissent anticiper l'évolution attendue du mix 
énergétique belge.
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On 20 April 2016, Elia System Operator (hereinafter 
‘Elia’) published a study on the “adequacy” and fl exibility 
needs of the Belgian power system [1], after having it 
presented to the Belgian stakeholders during the Elia 
Users Group that same day. 

The study was conducted at the request of the Federal 
Minister of Energy, Ms Marie-Christine Marghem, and 
has been developed in cooperation with the cabinet 
of the Minister and the Energy administration of the 
Belgian FPS Economy (hereinafter ‘DG Energy’), as the 
methodology and assumptions were discussed and 
agreed upon with both entities. 

INTRODUCTION

2
Afterwards, during May 2016, DG Energy organised a 
public consultation regarding the possible introduction 
of a capacity remuneration mechanism in Belgium. The 
public consultation document, stakeholders’ responses 
and the recommendations formulated by DG Energy are 
available on the website of DG Energy [2].

On 18 July 2016, to follow up on the results of the public 
consultation and the recommendations made by DG 
Energy, Elia received a new mandate from the Federal 
Minister of Energy to analyse an “additional scenario”.
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3
OBJECTIVES 
AND SCOPE 
OF TH IS  REPORT

The objectives of this report are twofold.

First and foremost, this report addresses the second 
formal request of the Federal Minister of Energy, to 
analyse an “additional scenario”. The assumptions 
used for this additional study are defi ned by the Federal 
Minister of Energy, at the suggestion of DG Energy. 
Chapter 4 focuses on this request and provides a 
description of the corresponding results.

Second, after reviewing the stakeholders’ responses to 
DG Energy’s public consultation, Elia is willing to provide 
stakeholders with some additional clarifi cations and 
explanations related to the initial study (as published 
on 20 April 2016). The additional information does 
not contain any modifi cation to the methodology, 
assumptions, used data and/or results, but aims to 
provide further clarifi cation to some recurring questions. 
This explanation is provided by a Question and Answers 
(Q&A) section and is annexed to this report.  
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4
“ADDITIONAL 
SCENARIO” 
AT THE REQUEST OF THE 
FEDERAL MINISTER OF ENERGY

This chapter describes the assumptions, sensitivity 
analysis and results for the additional scenario as 
requested by the Federal Minister of Energy.

The assumptions of the “additional scenario” and 
changes in comparison to the base case are highlighted 
in section 4.1. 

On top of this “additional scenario”, a sensitivity 
analysis on the import capacity was also requested and 
performed. This is explained in section 4.2. 

Section 4.3 provides the results in terms of structural 
block volume and characteristics.

Finally section 4.4 highlights refl exions resulting from the 
new calculations.
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The request aims to simulate an “additional scenario”, based on the stress test as constructed for the 
initial study called the “Low capacity” scenario. This scenario assumes a strong decommissioning of coal 
and lignite capacity in Central Western Europe leading to major adequacy issues in the region. Despite 
the extreme character and low likelihood of this scenario, some interesting reflections emerge from the 
calculations.

4.1 CONSTRUCTION OF THE
 "ADDITIONAL SCENARIO"

CONSTRUCTION OF THE “ADDITIONAL SCENARIO“ 
(FIGURE 1)

Demand +0.6%/y

CHP =

2017

+

+500 MW

2021

+500 MW

2023

+1000 MW

2027

Biomass = -600 MW -600 MW -600 MW

"Low 
capacity" 
scenario

 as defined 
in the 

initial study 
published in 
April 2016

Storage = +100 MW +100 MW +200 MW

Market Reponse = +500 MW +500 MW +500 MW

Demand of 0.6%/y instead  
of 0%/y growth

Additional CHP capacity 
considered

No new biomass considered. 
Constant capacity is therefore 
obtained for the timeframe

Slight increase of the storage 
capacity (mixture of pumped 
storage and batteries)

Increase of market response 
capacity taking into account  
the limitations

ADDITIONAL SCENARIO

The “additional scenario” is based on the “Low capacity” scenario as assessed in the initial study published in April 
2016. Other changes were also requested and are listed in Figure 1 and further explained in this section.



9

Additional changes to the “Low capacity” 
scenario:
From the “Low capacity” scenario as calculated in 
April 2016, five additional changes were taken into 
account as requested:

−  an annual consumption growth rate of 0.6%/year for 
Belgium instead of 0%/year;

−  the CHP (Combined Heat and Power) capacity was 
increased by 500 MW in 2021 and by an additional 
500 MW in 2027; this leads to a total CHP capacity of 
3000 MW in 2027;

−  the “Base case” assumed an additional 600 MW 
of biomass capacity from 2021; in the “additional 
scenario”, such an increase is not considered for the 
entire timeframe; and the biomass capacity remains 
the same for the entire period;

−  an increase in storage capacity by 100 MW in 2021 
and an additional 100 MW in 2027were incorporated;

−  the market response capacity has been increased 
by 500 MW from 2021;  this will lead to 1600 MW of 
market response capacity being available from 2021 
(with the same limitations on activations as in the 
“Base case” scenario).

The “low capacity” scenario is the starting point:
In the initial study, the “Low capacity” scenario was 
constructed by removing an additional 44 GW of coal 
and lignite capacity in neighbouring countries in 2027 
(on top of the coal capacity already decommissioned in 
the “Base case”). The choice of removing coal capacity 
was arbitrarily chosen in order to test the effect of a 
lower adequacy level of neighbouring countries due 
to a massive coal phase-out in Western Europe. The 
scenario was created to test the robustness of the 
ability of neighbouring countries to provide energy 
during periods of structural shortages in Belgium. These 
assumptions are now taken as basis for the “additional 
scenario”.

The extreme character of the scenario will lead 
to adequacy issues in Central Western European 
countries. The likelihood of such a situation is very 
low given the current mechanisms already in place 
or being implemented in the relevant countries.

A linear interpolation was used to build the assumptions 
for the other years as the “Low capacity” scenario 
was only defined for the year 2027. This leads to the 
following:

− 2017: no changes in the generation capacity;

−  2021: -17.6 GW removed compared to the “Base case”;

−  2023: -26.4 GW removed compared to the “Base case”;

−  2027: -44 GW removed compared to the “Base case”.

Figure 2 shows the removed coal and lignite capacity 
by country from the “Base case” for the considered 
timeframe.

ADDITIONAL SCENARIO
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4.2 SENSITIVITIES 
ON THE IMPORT CAPACITY 

The request also included some sensitivity analyses on 
the import capacity. The basic assumption is to consider 
the same simultaneous import capacity as in the “Base 
case” scenario, meaning:

–  4500 MW of simultaneous maximum import capacity 
for 2017;

–  6500 MW of simultaneous maximum import capacity 
in 2021, 2023 and 2027.

It is important to note that the investments planned 
in the Federal Development Plan [3] for 2015-2025 
as approved by the Minister have not been changed 
and are still the baseline of the scenario. The only 

change introduced in these sensitivities is the value of 
simultaneous import capacity for Belgium.

Two sensitivities were requested considering 3500 MW 
and 8000 MW of simultaneous importation capacity.

Given that today’s simultaneous import capacity is 
already higher than 3500 MW and given the planned grid 
investments in Belgium and the neighbouring countries, 
a scenario with 3500 MW simultaneous import capacity 
is rather to be considered as a stress test of the 
system in cases of severe transmission incidents or 
malfunctions. Considering that such events have a low 
probability of occurrence, a limit of 3500 MW during the 
entire year is unrealistic.

4.3 RESULTS OF THE 
“ADDITIONAL SCENARIO”

The “additional scenario” shows a similar trend in 
terms of “structural block” needs to the “Low capacity” 
scenario already analysed in the initial study. 

A decrease in the “structural block” capacity is observed 
in the first phase (2017-2021). Afterwards, in 2023, 
when the first nuclear power plants are scheduled to 
be decommissioned, the “structural block” will increase 
sharply and will reach 9000 MW in 2027.

The fact that this “additional scenario” assumes that 
the neighbouring countries are not adequate drives the 
strong increase in the “structural block” capacity from 
2023 to 2027. Further implications of a lower adequate 
scenario are explained in this section.

4.3.1 Other countries situation
Due to the removal of 44 GW of coal-fired units in 
Western Europe, the neighbouring countries are no 
longer “adequate” if one considers the adequacy criteria 
in place in those countries today. This will lead to an 
increase in moments when Belgium will not be able to 
find the energy abroad and therefore lead to a higher 
“structural block” level after the nuclear phase-out.

ADDITIONAL SCENARIO
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It is worth mentioning that a scenario with a massive 
shutdown of lignite- and coal-fired plants, going up to 
44 GW as indicated above, does not necessarily lead 
to an adequacy deficit of the same level. Examples are 
mothballing and the decision taken in Germany to install 
open-cycle gas turbines outside the market to maintain 
adequacy when facing plant shutdowns.

As a consequence, the situation as observed in the 
“Low capacity” scenario is to be considered as a stress 
test in case the measures which countries are taking 
in order to ensure their own security of supply were to 
fail. Moreover, national, regional and European studies 
are performed yearly in order to evaluate the mid- and 
long-term adequacy situation in most of these countries. 
This has led to different capacity mechanisms already 
in place or under development. This study is also being 
conducted within this framework.

Figure 3 clearly shows the benefit of interconnections 
to ensure some of the security of supply of a 
country. The difference between the isolated case 
(no interconnections) and the interconnected case in 
terms of LOLE highlights the benefits of having strong 
connections within Europe. This is further developed in 
section 4.4.

4.3.2 “Structural block” capacity 
and utilisation
The evolution of the “structural block” can be explained 
by the same drivers as the “Base case” scenario from 
the initial study for the first phase (2017-2021) and the 
“Low capacity” case for the second phase (2023-2027).

−  2017: A “structural block” capacity of 2500 MW. As no 
changes were made to the assumptions for that year, 
the size of the “structural block” capacity remains the 
same.

−  2021: A decrease in the “structural block” size is 
observed. This is explained by the additional CHP 
capacity considered (+500 MW), more offshore wind 
capacity and 2 GW of additional simultaneous import 
capacity considered. This even leads to a margin 
(negative “structural block”) of 1000 MW in 2021. 
The “Low capacity” scenario considered for the 
neighbouring countries has no effect in 2021.

−  2023: The loss of 2 GW of nuclear units and additional 
shutdowns of coal-fired units considered in Western 
Europe (assumption taken from the “Low capacity” 
scenario), results in a need of 2000 MW in 2023. A 
very limited number of hours when this capacity is 
needed can be observed (15 hours for the first 1000 
MW and 4 h for the second block of 1000 MW). The 
probability of using this capacity for adequacy reasons 
is low (50% for the first 1000 MW and 25 % for the 
remaining 1000 MW). This capacity is only needed 
during cold spells and for a maximum of one week per 
year when activated.

Figure 3 shows the situation abroad in terms of LOLE. 
The “interconnected value” indicated in the figure 
represents the LOLE when the country is considered 
connected to the other countries (the actual situation). 
The second value (“isolated”) gives an estimation of 
the amount of hours when the country will depend on 
imports to remain adequate (the export margin of the 
country is null).

LOLE IN NEIGHBOURING COUNTRIES IN 2027- 
"ADDITIONAL SCENARIO" (FIGURE 3)

16
121 125

4940

3
1443

interconnected
isolated

4
47

It can be observed that in this scenario, the neighbouring 
countries are not adequate and very dependent on the 
other countries (when comparing the LOLE observed to 
the current adequacy criteria in place if it exists):

–  United Kingdom: LOLE of 16 hours on average. The 
capacity mechanisms in place today ensure that the 
country remains under 3 hours of LOLE;

–  France: LOLE of 4 hours, the criterion in use today 
being 3 hours;

–  the Netherlands: 125 hours of LOLE on average and 
more than 50% of the time relying on imports for its 
own adequacy;

–  Germany: Although Germany’s LOLE is 3 hours in 
the scenario, it relies on imports for its own adequacy 
for more than 1400 hours. There are mechanisms 
already in place and/or being implemented in Germany 
in order to guarantee the security of supply of the 
country.

ADDITIONAL SCENARIO
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−  2027: The combination of the additional shutdowns 
of coal-fired units in Western Europe (“Low capacity” 
scenario assumption) and the loss of the remaining 
4 GW of nuclear power plants in Belgium leads to a 
need of 9000 MW.

The first block of 3000 MW would be needed for the 
whole year with a 100 % probability of activation. The 
following block of 2000 MW would be needed only 
during winter in case of cold weather, low wind or forced 

outages of power plants. The last 4000 MW have a 
probability of activation of 50% and 25%. This capacity 
will only be needed during cold spells affecting more 
than one country and for a maximum of one week per 
year when activated. 

Results in terms of capacity of the “structural block”, 
hours when this block will be needed for adequacy 
purposes, drivers of activation and probability of 
activation are shown in Figure 4.

VOLUME AND CHARACTERISTICS OF THE "STRUCTURAL BLOCK"  
FOR THE "ADDITIONAL SCENARIO" (FIGURE 4)
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ADDITIONAL SCENARIO

The identified volumes are considered 100 % available.
Filling in this volume with production units, demand-side 
management or storage will ivolve taking into account the 
availability rates, amount of activations and energy limits of 
each technology.

Important note
The running hours shown in Figure 4 are not economical running hours but the hours during which the 
given volume is needed for adequacy purposes. An economically dispatched unit in the system will 
therefore run for at least that number of hours.
The “structural block” volume calculated is considered 100% available. Neither forced outages nor 
limitations on energy are taken into account.
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4.3.3 Import capacity sensitivities 
results
Sensitivities on the simultaneous import capacity were 
performed as requested. Only the simultaneous import 
capacity was changed (no changes were applied to the 
exchange capacities between countries).

The two sensitivities with 3500 MW and 8000 MW 
simultaneous import capacity show the same “structural 
block” needs as for 6500 MW of simultaneous import 
capacity in 2027.

9000 MW are needed in both sensitivities in this 
“additional scenario” in 2027. The assumption of “Low 
capacity” in the neighbouring countries is the limiting 
factor in terms of available import capacity. Changing the 
simultaneous maximum import capacity has no impact 
on the volume needed given the assumption of the “Low 
capacity” scenario.

The number of running hours of the “structural block” 
units for adequacy reasons sharply increases when 
considering a lower import capacity.

4.3.4 Detailed results per year
4.3.4.1 Results for 2017
The results for 2017 are the same as for the “Base case” 
of the initial study as no changes were introduced to the 
assumptions for that year.

Figure 5 shows the number of LOLE hours when 
adding “structural block” capacity. The number of hours 
shown in this chart represents the average hours when 
this capacity is needed for adequacy purposes. This is 
different from running hours of economically dispatched 
units. Those hours can be interpreted as the running 
hours of the most expensive unit in Belgium.

LOLE BY "STRUCTURAL BLOCK" CAPACITY ADDED TO  
THE BELGIAN PRODUCTION PARK FOR 2017 (FIGURE 5)
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Figure 6 shows the probability of activating a given 
capacity. For each 500 MW block, the probability to 
be activated at least once a year is given. The last 500 
MW block has a probability of 17% of being needed in 
a given year. Even with 2500 MW of “structural block” 
capacity, there is always a probability of a higher need (in 
this case 8% probability of higher need) as the remaining 
LOLE is not zero.

PROBABILITY OF THE "STRUCTURAL BLOCK" BEING 
ACTIVATED IN 2017 (FIGURE 6)
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4.3.4.2 Results for 2021
For 2021, the “structural block” margin is shown.  
A margin means that some “non-structural block” 
capacity could be removed and the adequacy criteria 
would still be met. The margin calculated for 2021 
equals 1000 MW.

Figure 7 and Figure 8 show the LOLE hours of the 
“structural block” margin and the probability of needing 
that capacity.

LOLE BY "STRUCTURAL BLOCK" CAPACITY ADDED TO  
THE BELGIAN PRODUCTION PARK FOR 2021 (FIGURE 7)
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4.3.4.3 Results for 2023
Results for 2023 are shown in Figure 9 and Figure 10. 
The “structural block” accounts for 2000 MW with a 
probability of activation of less than 100% for the entire 
block. The first block of 1000 MW is needed for less 
than 20 hours on average. The following block of 1000 
MW is needed for less than 4 hours on average. The 
P95 values of the “running hours” are below 70 h for the 
first 1000 MW and below 30 h for the following 1000 
MW.

LOLE BY "STRUCTURAL BLOCK" CAPACITY ADDED TO  
THE BELGIAN PRODUCTION PARK FOR 2023 (FIGURE 9)
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PROBABILITY OF THE "STRUCTURAL BLOCK" 
BEING ACTIVATED IN 2023 (FIGURE 10)
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4.3.4.4 Results for 2027
Results for 2027 are very similar to the ones observed in 
the “Low capacity” scenario described in the initial study.

Figure 11 shows that the LOLE when adding “structural 
block” capacity can be divided into two parts. Until  
4000 MW of “structural block” capacity is added, the 
LOLE reaches 19 hours on average. Afterwards, the 
next 5000 MW are needed to comply with the adequacy 
criteria.

Figure 12 showing the probability of activation of the 
“structural block” indicates that the first 3000 MW will 
be needed for at least one hour a year in any case. The 
probability decreases afterwards. Even after adding 
9000 MW, there is still a probability of 13% of having at 
least one hour of structural shortage in Belgium.

 AVERAGE
 P05 & P95

LOLE BY "STRUCTURAL BLOCK" CAPACITY ADDED TO THE 
BELGIAN PRODUCTION PARK FOR 2027 (FIGURE 11)
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PROBABILITY OF THE "STRUCTURAL BLOCK" 
BEING ACTIVATED IN 2027 (FIGURE 12)
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4.4 KEY TAKEAWAYS  
FROM THE RESULTS

Despite the extreme character and low 
likelihood of the “additional scenario”, interesting 
insights can be derived from the results. Some 
proposals on possible next steps and additional 
analyses are also given in this section.

The shape of the “structural block” curve over 
the next 10 years remains the same even with 
the “additional scenario”
The U-shape of the evolution of the “structural block” 
volume in the future (first phase showing a decrease in 
the structural and a second phase showing an increase 
after 2023) remains valid even in an extreme situation of 
massive decommissioning abroad. The main difference 
is seen in the volume needed in 2027 after the nuclear 
phase-out. In this situation a large amount of capacity is 
needed but with a low probability of being used and very 
few hours of activation for adequacy purposes.

Interconnections have a crucial contribution to 
security of supply
In such extreme scenarios, interconnections play an even 
bigger role in security of supply, allowing countries to import 
energy when it is not available on their territory. This can be 
explained by meteorological effects, different consumption 
behaviours and different production mixes in every country.

Weather has an impact on the intermittent renewable 
production, hydro production and consumption. Given 
the fact that some countries are more or less dependent 
on such production sources, they will be affected 
differently by weather conditions. As the thermosensitivity 
of consumption differ across Europe, colder weather does 
not have the same impact on all countries.

Moreover, weather conditions are never the same for the 
whole of Europe or a particular region. When there is little 
wind in a certain part of the continent, another part can 
have more favourable conditions for wind production. The 
same applies to consumption.

Interconnections therefore allow countries to contribute 
to the security of supply of the entire continent 
because most of the time, structural shortages are not 
simultaneous.

Simultaneous scarcity situations can still occur (shortages 
in two or more countries at the same time) and this 
is very clearly captured by the “additional scenario” 
assumptions. Figure 3 shows that isolated countries (with 
no interconnections) would have shortages for a large 
number of hours while the benefits of interconnections 
mean that lower shortages levels are observed.

Given the high degree of interconnection of Belgium and 
its central position in Europe the above observations call 
for coordinated approaches with neighbouring countries 
as regards adequacy assessments and capacity 
mechanisms.

Possible solutions to cope with adequacy after 
the nuclear phase-out should be investigated
The “additional scenario” results do not change the 
reflections on possible options or measures which 
can be introduced for the investigated timeframe (see 
chapter 7 of the initial study published in April 2016).

Various solutions could be investigated in terms of how to 
ensure security of supply of the country after 2025. The 
regulatory framework and incentives should be defined. 

An example of possible technology choices based on 
the identified characteristics of the “structural block” 
needs for adequacy purposes:

-  2000/3000 MW depending on the scenario needed 
for the whole year and will be activated every year 
regardless of the weather conditions. Thermal power 
plants could play an important role for this block. 

-  1000/2000 MW depending on the scenario only 
needed during the winter period but will be used every 
year regardless of the weather conditions. Peaking 
units, storage or demand-side response could be 
investigated in this part.

-  1000 to 4000 MW depending on the scenario needed 
for a very short amount of time and with no guarantee 
of being used, being mainly activated for adequacy 
purposes during a cold spell. In particular, demand-
side response could play a key role for this category. 
Strategic reserves could play also an important role.

It is worth mentioning that investment in further 
interconnections, driven by the need for a competitive 
Belgian price and by large-scale RES integration, also 
contributes to securing electricity supplies, and that 
any technology can play a role in filling in the “structural 
block”. In order to find the most optimal solution and the 
impact of the technology choices, further analyses need 
to be conducted.

Further analyses should be conducted in 
order to test various technology choices and 
implications for Belgium
This report analysed an “additional scenario” as requested 
by the Minister of Energy. Now it is important to work out 
the various insights from all the sensitivities performed in 
the framework of these studies (the initial study and the 
current one) - and further analysis of the most optimal 
solution for Belgium’s future energy mix. 

A next step should be to define some scenarios for filling 
the “structural block” capacity, given the characteristics 
of possible technologies already listed in the initial study. 
Further analyses should determine the implications for 
Belgium.

ADDITIONAL SCENARIO



17

CONCLUSIONS

5
The adequacy analysis of the scenario was performed 
following the same methodology as the one of the 
initial study. The fl exibility requirements of the system 
as identifi ed in the initial study remain valid for this 
“additional scenario”.

The “additional scenario” results show a similar 
trend in terms of “structural block” needs to the “Low 
capacity” scenario from the initial study.

A fi rst phase where the “structural block” decreases 
from 2500 MW in 2017 to 0 MW in 2021 can be 
observed. This evolution can be explained by a higher 
CHP capacity being taken into account, more offshore 
wind capacity coming into the system and 2 GW of 
additional planned interconnection capacity.

The second phase, after 2023, will be characterised 
by an increase in the “structural block” capacity, 
reaching 9000 MW in 2027. This is mainly due to 
the planned nuclear phase-out in Belgium and the 
assumption made in terms of adequacy level of 
neighbouring countries (using the “Low capacity” 
scenario).

Following the initial study published by Elia in April 
2016 and the public consultation organised by DG 
Energy (Federal Public Service Economy), the Minister 
of Energy asked Elia to evaluate an “additional 
scenario” and sensitivities. Elia has performed the 
adequacy analysis of the requested scenario and derived 
the results and characteristics of the “structural block”.

The additional requested scenario is based on the 
“Low capacity” scenario analysed in the initial study which 
considers neighbouring countries as not adequate 
due to the shutdown of a lot of coal-fi red and lignite 
capacity in Western Europe. Although such mass plant 
shutdowns may be considered a possible scenario, the 
assumption that it would not be offset at national level by 
other adequacy measures, such as demand response, 
mothballing or adding “out of market” reserves, is a very 
strong one; such measures could dramatically reduce the 
likelihood of such a scenario.

Other changes include an increase in the CHP capacity, 
more market response, more storage, a higher level of 
demand, and no additional biomass capacity.
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CONCLUSION

“Structural block” characteristics for 2027 show that:

−  the first 3000 MW are needed for the whole year with 
a 100% probability of activation;

−  the next block of 2000 MW is required only during the 
winter, but has a high probability of activation;

−  the last block of 4000 MW will not be needed every 
year (activation probability of less than 50%). This 
capacity is only required during cold spells and for a 
maximum of one week when activated. The average 
number of hours when this capacity is needed is under 
10 hours.

Changing the maximum simultaneous import capacity 
has no impact on the volume of the “structural block” 
calculated for 2027 as the limiting factor in this scenario 
is the energy availability in the neighbouring countries 
due to the assumption of “Low capacity” in those 
countries.

The results of both the initial and the present study show 
that a significant capacity (production, storage, demand 
reduction) is necessary, but also that a large part of 
this capacity just has to be available for a very limited 
number of hours per year to ensure security of supply.

It is thus appropriate to start the discussions which 
will lead to decisions on appropriate measures or 
mechanisms. Here necessary attention should be paid 
to:

−  the possible filling-in and distribution of the defined 
structural block between the various segments and 
technologies (production, storage, demand reduction, 
etc. ...). Further technical-economic analysis on 
each of these segments must be carried out with its 
implications deriving therefrom for Belgium

−  any reflection on the appropriateness of the 
introduction of a capacity mechanism should not be 
isolated but should be coordinated and harmonized 
with the neighbouring countries (and implemented) 
given the high degree of interconnection of Belgium 
with its neighbours and its central position in Europe.

Therefore the timely commencement of these 
discussions is important in order to guarantee the 
availability of capacity at the start of the nuclear "phase-
out" (2023). Action is needed in a timely manner in 
order to provide a clear and stable framework to market 
participants so that they can make the right decisions 
(based on the right insights) and to anticipate the 
expected evolutions in the Belgian energy mix.
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1. Introduction
As mentioned in the introduction, following the 
publication of the various stakeholders’ responses and 
DG Energy's conclusions on its website, Elia took the 
initiative of producing this Q&A document to provide 
some additional clarification on the matter at hand. As a 
result, this document should be read in parallel with the 
initial study [1]. 

2. General questions
What is the “structural block”?  
The “structural block” is the generation capacity, import 
capacity, demand-management capacity or storage 
capacity needed in Belgium in order to comply with the 
legal criteria on the adequacy of the Belgian electricity 
system while taking into account the “non-structural 
block”.

It is important to point out that the “structural block” 
calculated in the study assumes an availability level of 
100%.

 
DEFINITION OF THE "STRUCTURAL 
BLOCK" FOR A GIVEN HOUR (FIGURE 13)

 Market response  
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What is the non-structural block? 
The “non-structural block” is the generation capacity, 
import capacity, demand-management capacity or 
storage capacity considered to be in place on the 
Belgian market, regardless of the circumstances, in the 
timeframes set out in the study.

The technologies included in the “non-structural block” 
were considered to be in place either because they 
benefit from support measures or given that their 
presence is governed by other regulations or legislation.

We assumed that the following technologies would be in 
place in Belgium over the timeframe from 2017 to 2027:

−  cogeneration or combined heat and power (CHP) 
capacity;

−  renewable energy capacity in the form of wind and 
solar;

−  renewable energy capacity in the form of biomass;

−  nuclear capacity;

−  pumped-storage capacity (Coo and Plate Taille);

−  the import capacity of Belgium and the various other 
simulated countries (the exchanges between these 
countries depend on the economic dispatching model 
used - in other words, this model will assess the 
availability of capacity in the other countries that could 
supply this energy);

−  the price-responsive market response (in essence, 
demand management) taking into account the 
activation limits inherent to this type of technology.

The existing gas-turbine capacities (combined-cycle gas 
turbine (CCGT) and open-cycle gas turbine (OCGT)), 
oil-fired power plants (turbojet) and coal-fired power 
plants are not included in the above list. This does not in 
any way imply that these power plants will be unavailable 
to the system in the relevant timeframe instead, they 
may be part of the identified “structural block”.

More information on the assumptions is set out in 
section 4 of the initial study [1].

ANNEX TO THE STUDY

QUESTION AND ANSWERS 
ELIA STUDY REGARDING THE 
“ADEQUACY” AND FLEXIBILITY 
NEEDS OF THE BELGIAN POWER 
SYSTEM FOR THE PERIOD 
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Which technologies could fill the structural block? 
Any technology could be used to fill in this block, with 
each one contributing insofar as its specific technical/
economic and environmental requirements allow. The 
following technologies could be expected to fill in the 
“structural block” (the following list is non-exhaustive):

−  existing or new gas-fired thermal power plants (CCGT, 
OCGT, etc.);

− nuclear power if authorisation is renewed;

− new pumped-storage power plants;

−  batteries or other means of storage (whether central or 
decentralised);

−  additional demand response on top of that already 
considered in the non-“structural block”.

− additional import capacity;

− additional renewable capacity;

−  other means of generation, demand reduction or 
storage.

Why is the “structural block” considered to have 
100% availability?  
In this study the volume of the “structural block” is 
calculated on the basis of 100% availability in the 
absence of a choice of technologies to fill in the 
“structural block”.

If the “structural block” identified amounts to 2000 MW 
for a given year, more than 2000 MW will be needed to 
safeguard the “structural block” because any technology 
(whether involving generation, demand management 
or storage) entails limitations in terms of energy, forced 
outages or activation limits or depends on weather 
conditions.

Therefore it is important to mention that the 
“non-structural block” and the production park of the 
other countries modelled in the study are considered 
including their limitations in terms of energy, forced 
outages, maintenance and activation limitations.

How have the announced power-plant shutdowns 
been taken into account?  
The “non-structural block” considered to be in place 
throughout the various timeframes does not include any 
thermal power plants (except the cogeneration, biomass 
and nuclear facilities). As a result:

−  announced CCGT/gas-turbine (GT) or turbojet power 
plant shutdowns in Belgium will have no impact on the 
size of the calculated “structural block”.

−  However, announcements affecting cogeneration or 
biomass facilities or the early shutdown of nuclear 
power plants will affect the calculated “structural 
block”.

3. Assumptions
What are the underlying assumptions of the “Base 
case”?  
This study considers the following main aspects of the 
“Base case”:

− a zero growth in demand by 2027;

−  further development of renewable energies (wind, 
photovoltaic) based on the forecasts for 2020; similar 
growth until 2027 for onshore wind and photovoltaic 
energy; no further development of offshore wind 
energy after 2021, by when it will have reached 2.3 
GW;

−  cogeneration capacity for Belgium remaining 
equivalent to the forecast for 2017;

−  an extra 600 MW of biomass by 2021;

−  the market response (in essence, price-responsive 
demand management) taken into account along with 
the identified volumes following a consultation of 
the market players in summer 2015; 1100 MW with 
activation limits for 2021, 2023 and 2027);

−  4,500 MW of simultaneous import capacity in 2017; 
6500 MW of simultaneous import capacity for 2021, 
2023 and 2027; developments in the interconnection 
projects as envisaged in the Federal Grid Development 
Plan [3];

−  the fuel prices from the most recent forecasts of the 
International Energy Agency (IEA) and a "coal before 
gas" scenario for the whole timeframe in question;

−  the fixed and variable costs of the power plants arising 
from the European Commission's Energy Technology 
Reference Indicator (ETRI) study (2014);

−  the best estimate available of the installed generation 
capacity in the neighbouring countries based on their 
national studies and the data collected in ENTSO E for 
the System Outlook and Adequacy Forecast (SO&AF) 
study.

How can it be ensured that the assumptions 
considered in the “Base case” will actually occur?  
Elia cannot guarantee that these assumptions will 
actually occur. Most of these developments do not fall 
within the direct remit of the grid operator.

However, the assumptions that were taken in account 
were established in consultation with DG Energy and 
the cabinet of the Minister of Energy on the basis of 
the most reliable information available in January 2016. 
Any changes in the assumptions will lead to different 
outcomes. As the last timeframe (2027) covered by the 
study is still a long way ahead, many sensitivity analyses 
were conducted, enabling an assessment of the impact 
of these various assumptions.

Minor changes in the assumptions should not have any 
major impact on the key results of this study.

ANNEX TO THE STUDY
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Why assume that biomass will account for an 
extra 600 MW of capacity in Belgium by 2021? 
Two categories of units running on biomass are included 
in the model:

–  Units having a “Coordination of the Injection of 
Production Units” (CIPU) contract with Elia 
This category accounts for 680 MW in total - this 
is assumed to remain constant throughout the 
timeframes. In the model these units are modelled 
individually (with random sampling in terms of 
unavailability).

–  Units having no “CIPU” contract 
601 MW was included from this category for the 
various timeframes. These units are modelled using 
hourly generation profiles (based on the historical 
generation data for this unit type).

The same distinction is made between “CIPU” and 
“non-CIPU” units for cogeneration units.

The assumptions for this study were prepared in January 
2016. Based on the information available to Elia, DG 
Energy and the cabinet of the Minister of Energy at that 
time, the decision was made to factor in an extra 600 
MW of biomass by 2021 - this would involve:

−  the reconversion of the power plant at Langerlo to 
biomass (approx. 400 MW);

−  a new BEE power plant in Ghent (approx. 200 MW).
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Why is the growth in demand 0% in the “Base 
case”?
Demand for electricity, once weather effects have been 
normalised, depends on various economic factors or 
technological developments.

−  Economic growth has a considerable impact on 
demand for electricity. For example, a significant rise in 
economic activity will result in an increase in demand 
in this area. Conversely, an economic slump will have a 
negative impact on this demand.

−  Enhanced energy efficiency of equipment, lighting, 
processes, etc… will result in a decrease in electricity 
consumption.

−  In contrast, the development of new technologies 
using electricity (heat pumps, electric vehicles, etc.) will 
boost the consumption of electricity.

A zero growth forecast was taken into account in 
the “Base case” starting out from the assumption 
that energy efficiency would offset the increases due 
to economic growth and the development of new 
technologies using electricity.

A sensitivity analysis of this assumption with growth 
of 0.6% per year, based on the forecasts of the IHS 
CERA consultancy firm, was performed for the various 
timeframes. This sensitivity analysis shows that the 
level of the “structural block” remains steady from 2017 
to 2021 and then rises 1,000 MW compared with the 
“Base case” for 2023 and 2027, bringing it to 1500 MW 
in 2023 and 5000 MW in 2027.

ANNEX TO THE STUDY
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What does the 1100 MW volume of market 
response includes?
In the “Base case” for 2027, a volume of 1100 MW of 
market response was assumed. This figure is based on 
a study Elia conducted with the consultant Pöyry, which 
evaluated price-responsive demand-side management 
developments for 2020. The results showed that the 
market response was 1100 MW for 2020. This volume 
was included in the “non-structural block” and is 
therefore present in the system.

This volume is introduced into the model taking into 
account activation and energy limitations arising from 
the study conducted with Pöyry. These limitations result, 
among other things, from industrial processes.

RESULTS OF THE SURVEY CONDUCTED ON PRICE-
RESPONSIVE DEMAND FOR 2020 (FIGURE 15)

  Maximum #  
of activations 
- Per day  
   = 1 activation 
- Per week  
   = 3 activations

  Maximum # of hours  
per activation 
- 2 hours

260 MW
based on contracts with  
ARPs

64 MW 
based on the price for 
consumers and generators 
connected to the DSOs

150 MW
on a voluntary basis for 
consumers connected to  
the DSOs

622 MW 
based on the price for 
consumers and generators 
connected to the TSOs

It is important to point out that this volume does not 
include the capacities contracted for ancillary services.

Additional capacity to that considered may form an 
integral part of the “structural block” and contribute to 
the filling in of the “structural block”.

How did the study take into account the 
development in batteries?
The storage capacity factored into the model was limited 
to the current installed pumped-storage capacity (Coo 
and Plate Taille power plants).

Additional storage capacity in the form of batteries, 
pumped storage or any other technology may form 
an integral part of the “structural block”. A sensitivity 
analysis was conducted with an extra storage facility 
with 1000 MW of power and 4000 MWh of back-up.

4. Imports
Is a commercial import capacity of 6500 MW by 
2021 a reasonable estimate?
In view of the reinforcements planned in Belgium's 
backbone grid, including the Brabo project and also the 
NEMO and ALEGrO projects, accounting for 1000 MW 
each, an import capacity of 6500 MW by 2021 is indeed 
a realistic assumption.

The figure of 6500 MW commercial import capacity is a 
best estimate by Elia, since the actual import capacity 
depends on the outcome of ongoing legal, regulatory 
and permitting processes, such as the Federal Grid 
Development Plan [3] and the various permitting 
procedures at federal and regional level. It also depends 
on design issues of the coupled “day ahead” market. 
So, the figure is a best estimate by Elia of the outcome 
of these processes in the years up to 2021.

Belgium's actual energy imports at times of structural 
shortages are not a priori considered equal to the import 
capacity. These imports are incorporated into the model, 
based on the availability of excess generation capacity in 
the production park in the neighbouring countries, which 
is also estimated by the model.

Will the energy be available during a cold spell 
affecting several countries at the same time?
Electricity consumption is sensitive to fluctuations in 
temperature. The colder it is, the higher the level of 
consumption will be. This is mainly due to the use of 
electric heating. Not every country has the same level of 
sensitivity to temperature in terms of its consumption. 
Some countries, such as France, are more susceptible 
to this, due to the high proportion of electric heating 
used there. This sensitivity also applies when 
temperatures are at the opposite end of the spectrum, 
i.e. when it is very hot, using cooling equipment 
increases demand for electricity.

However, cold spells are not confined to individual 
countries. This means that there is a correlation between 
the temperatures of different countries in the same 
region. Having said this, certain countries because of 
their size have a range of climates (France, Germany). 
It may be that a cold spell affects just one region of a 
country or that it is more restricted geographically to a 
particular part of the country. Using in the simulations 
40 climatic years, featuring correlations between 
climatic conditions and geographic correlations between 
countries, means that the occurrence of cold spells 
can be evaluated and establishes the basis for system-
adequacy calculations, taking probabilistic criteria as a 
starting point.

If the cold spell affects a number of Belgium's 
neighbouring countries at the same time, Belgium will 
be at significant risk of a structural shortage. Both the 
severity of the cold spell and the probability of these 
conditions are crucial.
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Why consider, in the “Base case”, that the 
neighbouring countries will be adequate for the 
timeframe 2027?  
The “Base case” assumes that Belgium's neighbouring 
countries (France, Germany and the UK) will be 
adequate in terms of their national adequacy criteria. 
This assumption is based on the fact that these 
countries will take appropriate measures to avoid any 
structural shortages. Indeed this is already the case 
for these three countries, following the introduction 
of various support measures (the establishment of a 
Capacity Remuneration Mechanism (CRM) in the UK, 
ongoing discussions in France about putting such a 
system in place there, and so on).

A sensitivity analysis regarding this assumption was 
conducted by removing 44 GW of generation capacity 
from the neighbouring countries. In this “Low-capacity” 
scenario, the demand in the “structural block” would 
grow from 4000 to 8000 MW, with the second 4,000 
MW being required for an average of five hours per year. 
There is a 25% likelihood of having to use this second 
4000 MW – in other words,  this capacity might be 
needed in one out of four years for adequacy reasons.

Why do we observe that 50% of Belgian 
consumption will be imported in 2027 in the 
“Base case” scenario?
We find that almost half of Belgian consumption will 
indeed be imported in the “Base case”, following the 
shutdown of Belgium's nuclear power plants.

This is due to:

−  the composition of the thermal generation facilities 
in Belgium (consisting for the most part of gas-fired 
power plants);

−  the fact that the “Base case” takes as a starting point 
the assumption that the coal-fired power plants have 
a lower marginal generation cost than their gas-fired 
equivalents;

−  the fact that there are still coal- and lignite-fired power 
plants in the neighbouring countries;

−  the fact that there are still nuclear power plants with a 
lower marginal generation cost than gas- or coal-fired 
power plants (in particular in France);

−  the increase in RES generation capacity.

Also, if Belgium today had no nuclear power plants, it 
would import almost half of the electricity it consumes. 

This effect was felt in 2015 when the Doel 3, Tihange 2 
and Doel 1/Doel 2 reactors (3 GW of 'must run' capacity) 
were unavailable for a large part of the year for various 
reasons, prompting Belgium to import almost 25% of its 
total electricity consumption.

Elia does not advocate a scenario in which Belgium 
imports 50% of its electricity consumption. The 
observation that in the “Base case” Belgium would be a 
net importer of almost 50% of its electricity consumption 
is a consequence of European market integration, 
Belgium's supply and demand curves and those of its 
neighbouring countries, and the political and economic 
decisions on energy exchanges between the various 
countries.

What can be done to limit Belgium's net import 
balance after the nuclear “phase-out”?
In their day-to day operations, under the “unit 
commitment” power plants are committed to running 
at around their marginal cost at European level 
(“merit order”), making optimal use of the available 
interconnection capacity between the various countries. 

This implies that the various renewable sources, with 
zero (or close to zero) marginal cost, have priority, not 
only from a legal or regulatory point of view, but also 
from an economic dispatching perspective. 

If the nuclear”phase-out” goes ahead, fossil-fired plants 
will compete for second place in the merit order after 
the renewables. The main driver here is the difference 
between the marginal cost of gas and coal. A CO2 tax 
or the ETS-market CO2 price can make the difference 
between a “gas before coal” and a “coal before gas” 
merit order. 

In the case of a “coal before gas” merit order the 
interconnectors will be strongly used for imports, leading 
to a high import level for Belgium, but keeping the price 
as close as possible to the level of its neighbouring 
countries. 

Following this, the measures to decrease the import 
balance are straightforward:

−  further develop the country’s renewable sources;

−  introduce CO2 price measures leading to a 
“gas before coal” merit order at European level;

−  operate efficient gas-fired power plants (centralised 
or decentralised CHP), with a favourable ranking in 
the merit order list, including using interconnectors for 
exports at the moments of high renewable generation.
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What are the drivers for the development of 
interconnectors?
Since the liberalisation of the electricity market in 
1996 and the establishment of Belgium's transmission 
system operator in 2001, there has been consensus 
on the need for the development of interconnectors 
with neighbouring countries. Consumers, the regulator 
and the authorities considered that this made a vital 
contribution to security of supply and access to the most 
competitive energy possible for the Belgian economy. 
Meanwhile, suppliers and generators regarded this as a 
chance to increase their opportunities abroad or replace 
their local generation capacity with more affordable 
generation capacity from outside Belgium.

These aspects have taken practical form in recent years. 

Although the first interconnectors were built to ensure 
mutual assistance between countries in terms of 
operational security, adequacy in itself is not a main 
driver for the current development of interconnections. In 
this respect, there is no opposition between developing 
interconnectors and national generation capacity.

Firstly, cross-border interconnectors are playing a major 
role in bringing about the integration of the European 
electricity markets, thus boosting the competitiveness 
of the Belgian economy. Using interconnectors means 
that, based on the conditions prevailing at the time, 
the relevant parties can decide to replace their own 
countries' means of generation with more competitive 
energy sources abroad, or in the other direction, to 
promote the competitive Belgian units on the CWE 
regional market by exporting electricity generated in 
Belgium. In this way, the use of the various forms of 
generation can be optimised for the CWE region to 
achieve economic efficiency, for the benefit of all.

Secondly, further developing the interconnectors is key 
to promoting the integration of renewable energies, 
whose growth in Europe depends on local capabilities. 
With ever more ambitious targets emerging in terms of 
the integration of renewable energies, interconnectors 
should be upgraded and new projects should be 
taken forward. Boosting exchange capacities between 
countries will also facilitate the co-existence of central 
generation units and of generation using renewable 
energy sources, many of them of a variable nature such 
as solar or wind energy, as a result of the possibility of 
evacuating temporary surplus capacity or importing 
electricity to handle national generation shortages.

In this way, further developing the cross-border 
interconnectors has transformed the national markets 
into a regional or even European market. Pursuing these 
efforts is essential if we are going to meet the European 
energy and climate targets for 2020, 2030 and 2050. 
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Moving towards continental electricity 
highways
Various studies conducted by the 
transmission system operators, universities 
or research centres indicate that the 
interconnection development work must 
be pursued, supporting the constant 
drive to integrate renewable energy and 
the achievement of the greenhouse-gas 
reduction targets for 2030 and 2050. 

−  Studies by Elia [3] and other European 
power transmission system operators 
working together in ENTSO-E [6 and 7] 
have shown that additional interconnector 
upgrade projects should be scheduled for 
after 2025.

−  The e-Highway2050 consortium, 
comprising research centres, universities 
and European grid operators, concludes 
that the pace of development of the 
interconnected transmission grid at 
European level is determined by the 
development of new capacity (especially 
renewable capacity). This study highlights 
the need for major North-South continental 
corridors, beneficially bringing together 
wind generation (northern Europe, the 
Mediterranean, etc.) and solar (mainly 
southern Europe) with storage facilities 
(Alps, Pyrenees and Scandinavia) [9].

−  University experts [10] conclude that 
interconnectors are the most effective way 
to combine strong integration of renewable 
energies and maintaining a very high level 
of reliability of supply.

In summary, given Belgium's relatively limited 
potential in terms of renewable energy 
sources and yet highly-developed gas 
infrastructure, it should be possible to fully 
integrate the Belgian power transmission 
grid into the infrastructure rolled out at 
European level. As such, it will have access 
to renewable generation abroad and 
opportunities will open up for the most 
competitive Belgian power plants, in a sector 
that is no longer operating at Belgian but 
rather European level.
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5. Results
Was the low number of “operating hours” of CCGT 
gas-fired power plants in the various scenarios 
investigated?
The choice of a power plant to generate electricity 
is based on its variable generation cost (fuel cost, 
emissions cost and variable operation and maintenance 
(VOM) cost). If the generation cost is higher than the 
market price, the power plant will not be used because 
it would generate electricity at a loss. Conversely, if the 
market price is higher than the generation cost, the 
power plant can be allowed to produce energy. This is 
how the electricity market works and so will determine 
whether a power plant should generate power or not.

Given the interconnected nature of the market, this 
means that consideration must be given to the possible 
exchange of energy between the various European 
countries (within the grid's exchange limits).

Which power plants have a lower variable production 
cost than CCGT facilities or generate electricity 
connected with heat or industrial processes?

–  Renewable energies (wind, solar, hydraulic, biomass, 
etc.)

–  Cogeneration power plants 

–  Nuclear power plants

–  Lignite- and coal-fired power plants (in the “Base case” 
where gas-fired power plants are considered to be 
more expensive than coal-fired ones)

This means that a CCGT will only be activated if all the 
generation types listed above have already been used. 
Nuclear and lignite- and coal-fired power plants will not 
yet have disappeared from the European scene by 2027 
according to the “Base case”. Moreover, the growing 
share of renewable energies will reduce the number of 
“operating hours” of thermal generation facilities.

What is the difference between the “operating 
hours” of the “structural block” and the 
“operating hours” of a power plant?
In the case of the “structural block”, "operating hours" 
refers to the number of hours when the most expensive 
unit on the Belgian market is being used.

Meanwhile, a power plant’s “operating hours” depend 
on its generation cost. Therefore, a power plant will be 
activated for more or fewer hours accordingly.

The "operating hours" of the “structural block” can be 
interpreted as a minimum number of “operating hours”, 
regardless of the generation cost of the technology or as 
the “operating hours” of the most expensive unit on the 
market.

Why aren't CCGT gas-fired power plants 
always cost-effective in the various scenarios 
investigated?
This analysis of the cost-effectiveness of a power plant 
included in the study is based only on the income of 
the unit on the electricity market and so does not take 
account of any additional income from ancillary or other 
services.

Therefore, the gross margin of a unit is the income from 
the power plant based on sales of the generated energy 
minus the cost of generating this energy.

This margin is then compared with the power plant's 
fixed operation and maintenance costs (excluding any 
capital repayment). A certain level of fixed costs is 
needed to keep a power plant open and ready for use. 
If the margin is below the level of these fixed costs, the 
power plant is not cost-effective.

We can see in the simulations that the margin of the 
CCGT power plants does not cover the fixed costs in 
most of the years which have been analysed.

Is the strategic reserve still necessary?
The strategic reserve, as defined by law, is a market 
mechanism established in Belgium in order to ensure 
security of supply for our country during the winter 
period.

Elia makes an evaluation of the volume needs of the 
strategic reserve before 15 November every year, based 
on the most recent assumptions discussed with DG 
Energy. Based on the opinion of DG Energy and Elia, 
the Minister of Energy may contract a strategic reserve 
volume for one or more winters.

Depending on changes in the production park and in 
demand, a strategic reserve may be needed for the 
years ahead.
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