
 

 

 

  

 

 

 

 

 

 
 

 

 

 
Project report 
 
Monitoring the adequacy of  
resources in the European electricity markets 
 
Project no. 047/16 

 

Commissioned by the 

Federal Ministry for Economic Affairs and Energy 

 

 

 

 

 

 

Cologne, 26 April 2021 



 

 

r2b energy consulting GmbH / Consentec GmbH / Fraunhofer ISI / TEP Energy GmbH     
 

 

Company Information: 

r2b energy consulting GmbH 
Zollstockgürtel 61 
50969 Cologne 
Tel.: +49 (0)221 - 78 95 98 60 

 

Consentec GmbH 
Grüner Weg 1 
52070 Aachen 
Tel.: +49 (0)241 - 93 83 60 

 

Fraunhofer Institute for Systems and Innovation Research ISI 
Breslauer Straße 48 
76139 Karlsruhe  
Tel.: +49 (0)721 - 68 09 0 

 

TEP Energy GmbH 
Rotbuchstr. 68 
CH-8037 Zurich 
Tel. +41 (0)43 500 71 71 



 

 

r2b energy consulting GmbH / Consentec GmbH / Fraunhofer ISI / TEP Energy GmbH     
 

Executive Summary  

Resource adequacy, as an aspect of security of supply, is defined in this report as 

the long-term safeguarding of the balance between generation and consumption 

in the electricity supply system, in the sense of a continuous balancing of supply 

and demand in the electricity market.  

The characterisation of resource adequacy is primarily based on the load excess 

probability. This indicates the probability that not all consumers can be supplied 

via the electricity market in line with their price preferences. 

The present analysis consistently shows a very high level of resource adequacy in 

Germany. In all scenarios examined here (until 2030), resource adequacy is en-

sured. This also applies in all sensitivities, i.e. in the case of a hypothetical Energy-

Only-Market in all examined countries and in the case of a market-driven decom-

missioning of coal-fired power plants that goes beyond the Act to Reduce and End 

Coal-fired Power Generation (KVBG) as a result of significantly more ambitious 

European climate protection in conjunction with increased sector coupling. Reso-

lutions with respect to the so-called “Green Deal” were not yet available when the 

assumptions for the analysis were finalised.1 However, key developments in this 

regard have been included in the sensitivities for increased sector coupling. Ac-

cording to today's assessment, special attention should therefore be paid to the 

sensitivities for increased sector coupling, which already take into account more 

ambitious climate targets. The determined probability of load excess (the term 

"Loss of Load Probability", LoLP for short, is used for this) has an amount of zero 

in the reference scenario and at most an insignificant 0.003 percent in the alter-

native scenarios examined as sensitivities.  This is a factor of 20 below the thresh-

old value of 0.06 percent derived as a standard of resource adequacy. Converted 

into the internationally frequently used indicator "Loss of Load Expectation" 

(LoLE), where the loss of load probability is expressed in hours per year, this re-

sults in 0 hours per year in the reference scenario and a maximum of 0.25 hours 

 

1  Cf. European Commission (2019) 
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per year in the examined sensitivities. That corresponds to a load balancing prob-

ability of 100 percent in the reference scenario and at least 99.997 percent in the 

sensitivities examined. The Expected Energy Not Supplied (EENS) is zero in the 

reference scenario and at most 0.4 GWh per year in the sensitivities. 
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Summary  

Mandate 

Until the end of 2020 the Federal Ministry for Economic Affairs and Energy 

(BMWi) was obliged under the Energy Industry Act (EnWG) to continuously mon-

itor the resource adequacy (RA). The present report and its development form an 

essential component for this monitoring in the sector of the European electricity 

markets with impact on the territory of the Federal Republic of Germany as part 

of the internal electricity market. In addition, this report serves as a basis for the 

BMWi to fulfill its reporting obligation according to Article 63(2) EnWG.  

In the analyses on which this report is based, pursuant to Article 51(3) and (4) 

EnWG the following must be considered in particular:  

• the developments of generation, grids and consumption in Europe, 

• adjustment processes on the electricity markets based on price signals,  

• cross-border balancing effects with neighbouring countries for feed-ins of 

renewable energy, loads and power plant outages, and  

• the contribution of new flexibility options (such as load management and 

emergency power systems)  

A probability-based (probabilistic, i.e., considering the stochastics) methodological 

approach should be adopted, and the measurement and assessment of resource 

adequacy in the electricity market as an aspect of security of supply should be 

carried out using suitably defined indicators and their thresholds. 

Against this background, in 2016 the BMWi invited tenders for the project "Def-

inition and monitoring of resource adequacy in the European electricity markets", 

which was commissioned to the consortium of r2b energy consulting GmbH, Con-

sentec GmbH, Fraunhofer ISI and TEP Energy GmbH. 

This report is the second and last project report within the framework of this pro-

ject. Compared to the first report2, we have made the following additions:  

 

2  Cf. r2b / Consentec (2019). 



 

 

r2b energy consulting GmbH / Consentec GmbH / Fraunhofer ISI / TEP Energy GmbH     
 

• Inclusion of the weather year 2017, so that in total, six weather years are 

considered in this report including the year 2017, which is often discussed 

in Germany in connection with so-called Dunkelflauten (periods of low wind 

and solar radiation), and the cold spell of 2012. 

• Consideration of new sector coupling technologies (in the conversion sec-

tor) such as electrode boilers and large-scale heat pumps (PtX) as well as 

hydrogen electrolysers (PtG).  

• Presentation of two sensitivities with increased market penetration of all 

sector coupling technologies in Germany and Europe with a corresponding 

increase in annual electricity consumption with two different alternative pri-

mary energy sources and CO2 price scenarios (hereinafter, energy price sce-

narios) 

• Extensive consideration of the requirements of the EU Electricity Market 

Regulation, e.g., in the area of opening up interconnectors for cross-border 

power exchange 

• Presentation of an additional result indicator, the so-called leeway status, in 

the quantitative analyses of resource adequacy, to provide a better view on 

the likelihood of different system states. 

In the following, we first summarise the results of the analyses of resource ade-

quacy in the electricity market. We then describe the most important aspects of 

the methodology applied, the creation of the scenarios and accompanying 

measures to ensure resource adequacy, before concluding with an outlook. 

The model calculations on which this report is based were carried out in the sec-

ond half of 2020. Accordingly, the "acceptance deadline" with regard to the as-

sumptions, input data and parameterisation was the beginning of August 2020. 

The underlying assumptions as well as methodological aspects were extensively 

consulted with representatives of the Federal Network Agency (Bundesnetzagen-

tur, BNetzA), the four German transmission system operators (TSOs), the 16 re-

sponsible federal state ministries as well as the Federation of German Industries 

(BDI), the Association of Municipal Enterprises (VKU), the German Chamber of 

Industry and Commerce (DIHK) and the German Association of Energy and Water 

Industries (BDEW). 
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Analysis of the adequacy of resources 

The analyses on which the report is based consistently show a very high level of 

resource adequacy in the electricity market in Germany. This also applies for the 

most part (taking into account the lower model accuracy there) to the neighbour-

ing countries modelled. In all scenarios examined up to 2030, the adequacy of 

resources on the electricity market in Germany is ensured, i.e. even in the case of 

a hypothetical energy-only market in all countries examined, as well as in the case 

of a market-driven closure of coal-fired power plants that goes beyond the Act to 

Reduce and End Coal-fired Power Generation (KVBG) as a result of significantly 

more ambitious European climate protection in conjunction with increased sector 

coupling. Resolutions with respect to the so-called “Green Deal” were not yet 

available when the assumptions for the analysis were finalised.3 Moreover, it still 

has to be decided at EU level which instruments are to be used in which sectors 

to achieve the new climate targets. Nevertheless, sensitivities to increased sector 

coupling were examined in the context of this report, which represent a possible 

variant of the implementation of the Green Deal. According to today's assess-

ment, special attention should therefore be paid to these sensitivities.4 The con-

sumers can also be securely supplied in these scenarios. The determined proba-

bility of load excess (the term "Loss of Load Probability", LoLP for short, is used 

for this) has an amount of zero for Germany in the reference scenario and a low 

amount of no more than 0.003 % in the alternative scenarios examined as sensi-

tivities. This is below the threshold value derived in the first project report as the 

standard for resource adequacy by at least a factor of 20 (see section below, "Def-

inition of "the adequacy of resources" and description of the methodology "). Con-

verted into the internationally frequently used indicator "Loss of Load Expecta-

tion" (LoLE), where the loss of load probability is expressed in hours per year, this 

results in 0 hours per year in the reference scenario and a maximum of 0.25 hours 

 

3  Cf. European Commission (2019) 

4  The achievement of the European and German climate protection targets, which had not yet been redefined 
at the time the assumptions were finalised, against the background of the "EU Green Deal" was not examined 
in the two sensitivities for increased sector coupling. 
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per year in the examined sensitivities.  That corresponds to a load balancing prob-

ability of 100% in the Reference Scenario and at least 99.997% in the scenarios 

examined. The Expected Energy Not Supplied (EENS) is zero in the reference sce-

nario and at most 0.4 GWh per year in the sensitivities. Reserves outside the elec-

tricity markets, such as the German capacity reserve, are not taken into account 

here and would additionally be available in practice.  

The scenarios differ mainly in the development of the sector coupling technolo-

gies, the underlying energy price scenarios, the market design, the development 

of the generation system, the development of flexibility options as well as the 

imports necessary for the adequacy of resources. The latter always remain signif-

icantly below the (future) available grid capacities for Germany.  

Several reasons are responsible for the very high level of resource adequacy iden-

tified in Germany:  

• The balancing group- and imbalance settlement mechanism provide utilities 

with a strong incentive to comply with supply commitments they have en-

tered into. It is rational for market players to hedge against potentially very 

high balancing energy prices by contracting sufficient generation and/or 

flexibility capacity, which directly or indirectly triggers corresponding in-

vestment incentives. 

• The German and European electricity supply system currently has some 

overcapacities.5  While market adjustments take place by reducing these 

overcapacities by shutting down existing plants for reasons of economic ef-

ficiency, there are certain inertial factors. 

• New capacities are also created through the replacement of CHP plants to 

maintain heat supply and through the subsidised addition of renewable en-

ergy (RE) plants. 

 

5  In this report, overcapacity is understood to mean capacities that can be shut down with some lead time 
without, ceteris paribus, jeopardising the adequacy of resources in terms of the identified standard (thresh-
old). 
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• Capacity markets abroad (considered here: France, Great Britain, Poland 

and Italy) create new capacities, which also positively influence the level of 

resource adequacy in Germany.6 

• In the internal electricity market, there are considerable balancing effects 

with respect to the load and feed-in of renewable energies as well as the 

unplanned unavailability of power plants. 

• Finally, there is considerable potential for increasing the flexibility of con-

sumption (including "new" consumers and economically viable flexibility op-

tions in the field of voluntary industrial load reduction), public heating sys-

tems (including CHP) and bioenergy, as well as in emergency power systems. 

These causes for the consistently high level of resource adequacy can in principle 

compensate each other: A weakening or even an elimination of one cause does 

not call the adequacy of resources into question, but would be compensated in 

the electricity market by adjustment reactions7 elsewhere. Due to these substitu-

tion possibilities, there are many possible development paths that ensure resource 

adequacy and thus a balance of supply and demand on the electricity market at 

almost all times. 

Definition of "the adequacy of resources" and description of the methodology  

Resource adequacy, as an aspect of security of supply, is understood in this report 

as the long-term safeguarding of the balance between generation and consump-

tion in the electricity supply system by means of a constant balancing of supply 

and demand in the electricity market. According to this, the adequacy of resources 

on the electricity market is ensured if those consumers can always purchase elec-

tricity whose willingness to pay (benefit) is greater than or equal to the market 

price (costs). 

Against the background of the liberalisation of the EU internal market for electric-

ity, security of supply must be considered across Europe, across countries and 

 

6 However, also without capacity markets abroad (cf. considered sensitivity "EOM - no capacity markets" in 
section 4.1), the adequacy of resources in Germany remains consistently high. 

7  The adjustment reactions are stimulated by changed price structures on the wholesale market for electricity. 
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accounting for dynamic market adjustment processes, including price elasticity of 

demand. In this supra-regional market, there are considerable balancing effects in 

terms of load, infeed of intermittent renewable energies and unplanned outages 

of power plants, which have a positive impact on ensuring resource adequacy. 

Balancing effects exist not only with regard to the (residual) annual peak load, but 

also reduce the effective risk from power plant outages to a considerable extent. 

The reason for this is that the simultaneous occurrence of a large total capacity of 

outages in several countries is less likely than when considered nationally. 

Within the framework of this project, a consistent methodology, oriented towards 

the legal requirements of the EnWG for monitoring the adequacy of resources on 

the electricity market, was developed and implemented for the review horizon 

until 2030. This methodology also complies in essential parts with the require-

ments of the EU Electricity Market Regulation 2019/943. 

For this purpose, a standard was first defined in the first project report. It was 

found that among the various possible indicators with which the adequacy of re-

sources can be characterised, the probability of load excess (the term "Loss of 

Load Probability", LoLP for short, is used for this) is best suited for formulating a 

standard. This indicates the probability that not all consumers can be supplied via 

the electricity market according to their price preferences. Other parameters, 

such as the Expected Energy not Supplied (EENS) are useful to help classify an 

identified level of resource adequacy. 

Based on conceptual analyses and literature research, a threshold value for the 

loss of load probability was derived as a standard for Germany in the amount of 

𝐿𝑜𝐿�̂� = 0.06 %, which corresponds to a load balance probability of 99.94 %.8 

The threshold value can be interpreted as follows: If the threshold is exceeded by 

the power supply system under review for a future year under consideration, then 

this is an indication that an economically efficient investment in generation or 

flexibility resources has not been made, i.e. that the professional stakeholders in-

volved in electricity supply have, in the current market environment, not recog-

 

8  Cf. r2b / Consentec (2019) Section 2.3.1. 
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nised the economic efficiency of such an investment or, in any case, have not ex-

ploited it.9 By contrast, the further the loss of load probability is below the thresh-

old, the more its costs would exceed the benefits on the consumer side (through 

avoided loss of load).  

The above-mentioned threshold is a reasonable value, both in the sense of a man-

ageable scale and in that it is within the usual range compared to other countries. 

Nevertheless, it is subject to unavoidable uncertainties, especially due to the un-

certainty of the willingness to pay of consumers affected by load excess (Value of 

Lost Load, VoLL). 

The concrete level of the threshold value also proves not to be decisive in the 

currently conducted investigations, as the adequacy of resources in Germany is 

clearly above this criterion in all scenarios of this project report. 

Our methodological approach is guided by the following two core questions of 

resource adequacy monitoring: 

1. How will the European electricity supply system develop over the period 

under review? 

2. In this European electricity supply system, is the adequacy of resources in 

the electricity market ensured at an efficient level?  

The first question arises from the fact that monitoring must look many years into 

the future in order to have sufficient time (if necessary) to take measures to en-

sure an adequate level of resource adequacy, depending on the outcome of the 

statutory review mandate. To answer the question, one or more scenarios of the 

development of the electricity supply system must be drawn up. Building on this, 

the second question must be answered by determining the level of resource ade-

quacy for the respective scenario and ranking and assessing it by comparison with 

the defined standard. 

 

9  This would entail the examination of measures provided for in Section 51 (4) no. 2 EnWG, in particular the 
examination of still existing barriers and disincentives as well as the examination of whether a later "settling" 
is expected through market adjustment processes. 
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In the context of the present study, the methodological approach of a consistent 

integrated modelling of the development of the electricity supply system in 15 Eu-

ropean countries (by means of a dynamic electricity market model and a probabil-

istic analysis of the adequacy of resources based on it) was developed and applied 

against the background of the legal requirements of the EnWG. This was done in 

coordination with the BMWi and in consultation with the stakeholders mentioned 

in the section "Mandate". The consistent coupling of the two models is performed 

with respect to the consideration of balancing effects and uncertainties in partic-

ular. 

The basic methodological principle is in line with international practice. In partic-

ular, it corresponds in essential parts to the requirements of the EU Electricity 

Market Regulation. In recent years, various methodological approaches have been 

developed for monitoring and assessing resource adequacy with sufficient con-

sideration of stochastics and the integration of national electricity markets into 

the European internal electricity market. In numerous resource adequacy anal-

yses, such approaches are or have already been used.10 Within the framework of 

this basic principle, however, the present study goes a significant step further: 

Economic market adjustment processes on the European internal electricity mar-

ket are modelled by means of endogenous modelling of the development of the 

electricity supply system (first model stage) and the scenarios are examined with 

a consistent stochastic analysis of resource adequacy (second model stage). 

The effect and significance of the market adjustment processes increases over the 

period under review. Since the first model stage simulates the market rules and 

the investment incentives they create, the development of the electricity supply 

system is increasingly driven by endogenously determined contributions. Given 

the market incentives for suppliers and consumers depicted in the model (due to 

the existing balancing group and imbalance settlement system), it can generally be 

 

10 Cf. e.g. e.g. Consentec /r2b (2015), PLEF (2015), PLEF (2018), ENTSO-E (2016), ENTSO-E (2017a), ENTSO-
E (2018b), ENTSO-E (2019), ENTSO-E (2020d). 
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expected that the resources in the system will be adequate from a market per-

spective at least at the end of the period under consideration.11 The main result 

in the long term is therefore a probable development path of the electricity supply 

system that is consistent with the assumptions made in the scenario generation. 

This means the following when it comes to the task of detecting in advance any 

threat to the adequacy of resources and any obstacles to the use of available flex-

ibilities: 

• For the beginning of the period under review, the second model stage with 

the corresponding indicators provides an immediate basis for assessing the 

adequacy of resources. 

• For the later part of the period under review, by contrast, the indicators 

can basically be expected to lie in the non-critical range if the incentives 

in the balancing group and imbalance settlement system are set correctly 

and corresponding market adjustment processes take effect. An assess-

ment of the adequacy of the resources in this time range requires, in par-

ticular, that the endogenous parts of the development path of the electric-

ity supply system be assessed in terms of their plausibility and feasibility 

and, in doing so, analysed for any barriers that may be present. The results 

of the second model stage are another building block for the plausibility of 

the development path, as they provide indications of how far the system 

is approaching the threshold values.  

 

11 Deviations from this can occur if, at the interface of the two model stages, adjustments required for compu-
tation time reasons to align different modelling depths lead to an overestimation of the resource demand in 
the second model stage and/or underestimation of the demand in the first model stage due to implicitly or 
explicitly conservative parameterisation. This primarily affects the peripheral countries with low import ca-
pacities to the core region in relation to the load. 
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Scenarios 

The reference scenario (best guess-scenario12) was generated on the basis of de-

tailed research/preparatory analyses13  and comparison with other studies/ex-

perts when depicting the legal framework conditions and goals that exist in reality. 

By means of sensitivity analyses, possible developments of the electricity supply 

system deviating from the reference scenario were examined. 

The scenarios comprehensively depict the initial situation, planning and adjust-

ment reactions in the European electricity market. A classification based on a com-

parison with scenarios of the German and European TSOs14 shows that the refer-

ence scenario in Germany has slightly lower dispatchable resources (i.e. capacities 

of generation plants and flexibility options). In total, across all countries consid-

ered, the reference scenario shows significantly lower resources in some cases. 

This represents a realistic and (due to the lower capacity of dispatchable re-

sources) rather conservative development of the electricity supply system com-

pared to the scenarios of the German and European TSOs on the basis of the 

current market design and known developments in Europe. 

Accompanying measures to ensure the adequacy of resources 

Some measures are necessary or recommended to ensure or safeguard the high 

level of resource adequacy identified. The implementation of necessary measures 

(for example to ensure the level of cross-border exchange capacities according to 

the EU Electricity Market Regulation), was assumed in the analyses since this can 

be considered realistic given the combination of legal obligations and correspond-

ing lead time. 

For instance, the level of import power required to ensure resource adequacy can 

basically be classified as low compared to the (future) existing network capacity. 

Nevertheless, certain preparatory steps need to be taken to exploit the stronger 

 

12  The calculations for this report were carried out from 15.09.2020, so that the "best-guess" scenario refers 
to the information situation between the end of April and the end of August 2020, as the research / updates 
for this 2nd project report were carried out during this period. 

13 For a detailed description of the preparatory analyses, see Section 3 in r2b / Consentec (2019). 

14 Cf. ENTSO-E (2020d). 
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role of cross-border compensation effects for resource adequacy in the European 

context in the future. 

There is also a need for coordination and, if necessary, action with regard to the 

international coordination and binding nature of the market and operating rules 

in the event of shortages. It seems advisable to take the proactive step of clearly 

regulating the processes downstream of the day-ahead market at the international 

level in this regard. 

The flexibility of generation and consumption is also significantly influenced by 

the regulatory framework, subsidy systems and the availability of intelligent meas-

urement and control systems and communication technology. Electric mobility 

and heat pumps in particular can represent an important flexibility option if they 

are well integrated in terms of communication and receive corresponding incen-

tives for flexibility. However, this is the subject of separate research projects. 

There is a need for further action, e.g. in the area of grid tariffs, especially with 

regard to the exemptions for atypical and intensive grid usage, which represent 

barriers to the flexibilization of industrial consumers. 

Furthermore, measures to hedge against unpredictable extreme events15 can be 

considered. Uncertain extreme events cannot be addressed efficiently (due to the 

unknown probability of occurrence of these events), neither in the electricity mar-

ket 2.0 nor in capacity markets. Therefore, they cannot and must not be taken 

into account in the monitoring of resource adequacy in the electricity market 

when checking whether an efficient level of resource adequacy is achieved. The 

hedging of unpredictable extreme events (while accepting the associated costs) 

falls within the scope of state risk provisioning and should therefore be managed 

through the political process. Conversely, this then means that the organisation 

and implementation of this additional hedging takes place outside the regulatory 

framework of competitive electricity markets ('market design') and thus outside 

the scope of this study. The effects of unpredictable extreme events can be re-

 

15 Such an event can be, for example, the simultaneous unavailability of many power plants due to a common 
cause, such as a serial fault or as a result of a prolonged period of heat or drought. 
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duced with reserves outside the electricity market in particular, such as the Ger-

man capacity reserve. Therefore, these unpredictable events should also be taken 

into account when sizing the capacity reserve. 

Outlook 

With regular forecasts on the development of the electricity supply system and 

the resource adequacy (RA) level, it can be assessed in advance whether compli-

ance with the RA standard can be expected and, if necessary, whether there are 

still barriers, disincentives and whether a later "settling" can be expected through 

market adjustment processes. The forward-looking resource adequacy monitor-

ing thus ensures that there is sufficient time for any necessary measures to ensure 

an appropriate RA level. 

With the enactment of the KVBG, the responsibility for monitoring resource ade-

quacy has be transferred from the BMWi to the BNetzA from 2021. In addition, 

on the basis of the EU package "Clean Energy for all Europeans" (CEP16), the Eu-

ropean Transmission System Operators for Electricity (ENTSO-E) developed a 

method for the implementation of the European and national monitoring of re-

source adequacy, which was approved by the Agency for the Cooperation of En-

ergy Regulators (ACER) on 5 October 2020.17 Future analyses of resource ade-

quacy in the electricity markets - in particular ENTSO-E's European Resource Ad-

equacy Assessment (ERAA) - must be based on this method. The ERAA will replace 

ENTSO-E's current Mid-Term Adequacy Forecast (MAF) from 2021. 

 

16  Cf. EU Electricity Market Regulation 2019/943. 

17  Cf. ACER Decision 24-2020. 
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1 Background and overview  

1.1 Background  

The transformation process of the European energy and electricity supply system 

is characterised by the liberalisation of the European electricity markets, the es-

tablishment of a common European internal market for electricity and the expan-

sion of the European interconnectors. It is also characterised by the progressive 

expansion of renewable energies (RE) in Germany and Europe, the increasing flex-

ibilization of generation and consumption, and the increased coupling of the elec-

tricity, heat and transport sectors (sector coupling). These developments also re-

quire further methodological developments in the area of quantitative analyses of 

the supply of electricity and especially in analyses of the adequacy of resources 

as an important component of security of supply.18 

Before this transformation process, the electricity industry was characterised by 

controllable centralised large-scale generation plants and relatively predictable 

consumption behaviour. Today and in the future, on the other hand, the energy 

industry is increasingly characterised by fluctuating, decentralised plants for elec-

tricity generation from renewable energies and flexible consumers, also against 

the background of the desired decarbonisation of the energy supply. Since the 

end of the 1990s, the common, competitively organised EU internal market for 

electricity has been increasingly liberalised and the cross-border grid infrastruc-

ture (interconnectors) between the EU member states as well as Switzerland and 

Norway has been expanded. Against this background, security of supply (and in 

particular the question of resource adequacy) must be considered on a European 

scale, taking into account dynamic market adjustment processes. In this supra-

regional market, there are significant balancing effects in terms of load, the feed-

in of supply-dependent renewable energies and unplanned outages of power 

 

18 In this report, resource adequacy is understood as ensuring the balance of generation and consumption in 
the electricity supply system in the sense of balancing supply and demand on the electricity market. In the 
following, the term "resource adequacy on the electricity market" or in short, "resource adequacy" is used 
for this purpose. 



 

 

r2b energy consulting GmbH / Consentec GmbH / Fraunhofer ISI / TEP Energy GmbH   2 
 

plants, which have a positive impact on ensuring resource adequacy and the as-

sociated costs. 

The procurement of electricity at a high level of resource adequacy is also and 

especially essential in the transformation of the energy and electricity supply sys-

tem described above. This applies both to the prosperity and international com-

petitiveness of an industrial location like Germany and to the general quality of 

life of private consumers. Monitoring and continuous evaluation of the security of 

electricity supply is therefore necessary in order to 

• identify challenges in resource adequacy at an early stage, 

• analyse any remaining barriers or disincentives that could affect a high 

level of resource adequacy, and 

• to take measures, such as adjustments to the regulatory framework, to 

maintain a high level of resource adequacy in a timely manner, if necessary. 

Against the background of current and future demands on the German and Euro-

pean electricity supply system, the following aspects are of high importance: 

(1) Resource adequacy can only be considered on a cross-border basis be-

cause the German electricity supply system is connected to the electricity 

supply systems of neighbouring countries via an extensive grid infrastruc-

ture and electricity is traded intensively across borders and transported 

over long distances in the European electricity market. 

(2) Resource adequacy can only be considered on a probability basis (taking 

stochasticity into account). On the one hand, one hundred percent pro-

tection of inflexible electricity consumption by generation plants is de 

facto not possible, especially due to stochastically occurring power plant 

outages. On the other hand, the question of economic efficiency is also a 

relevant evaluation criterion. Therefore, securing resource adequacy at a 

very high level exclusively on the generation side is not advisable because 

it would be highly inefficient in economic terms.  Neither is the output of 

RE plants reliably available due to the dependence of their generation on 

weather conditions (e.g. onshore and offshore wind turbines and PV 
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plants), nor are conventional power plants reliably available to cover con-

sumption in every situation due to unplanned outages (e.g. due to tech-

nical defects or material and safety issues) or difficulties in the fuel and 

cooling water supply. When monitoring or assessing resource adequacy, it 

is therefore basically only possible to determine what proportion of the 

inflexible electricity consumption can be covered in the expected value 

and what proportion of the inflexible electricity consumption cannot be 

covered in the expected value. This applies all the more in the case of the 

envisaged further transformation of the electricity supply system towards 

supply-dependent RE technologies and a further expansion of the Euro-

pean grid infrastructure. In particular, the expansion of the European grid 

infrastructure and the increased opening of the cross-border lines in the 

so-called market coupling offer the prerequisites for being able to make 

full use of existing balancing effects for loads, RE feed-in and unplanned 

power plant outages. Stochastics generally, and in particular cross-national 

stochastic balancing effects in supply-dependent RE feed-in, load struc-

tures, and unplanned power plant outages, must therefore be taken into 

account in methodological approaches in order to derive meaningful and 

reliable results. 

(3) Resource adequacy can only be considered by taking into account the dy-

namics of markets, i.e. the adjustment processes inherent in markets on 

the supply and demand side. In the event of overcapacity19 on the supply 

side, as is currently the case in the European electricity market, power 

plant operators react for economic reasons with increased shutdowns or 

at least increased temporary shutdowns (preservation, so-called cold re-

serve) of power plants. In the event of a (frequent) shortage of generation 

capacity in the European electricity market and consequently high elec-

tricity price expectations, on the other hand, power plants would be kept 

in the market or put back into operation after temporary shutdowns. In 

 

19 In this report, overcapacity is understood to mean capacities that can be shut down with some lead time 
without, ceteris paribus, jeopardising the adequacy of resources in terms of the identified standard (thresh-
old). 
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addition, investments in new generation plants and the development of 

flexibility options, such as load management and back-up power plants, 

would be stimulated. 

(4) Resource adequacy must adequately take into account flexibility poten-

tials such as load shifts, load reductions in individual shortage situations 

and (more generally) current and future expected developments in the 

price elasticity of demand. The most favourable option for a secure bal-

ancing of supply and demand on the electricity market in very rare situa-

tions of shortage (e.g. low supply-dependent RE feed-in in combination 

with a high consumption load and extensive unplanned power plant out-

ages) is the active integration of electricity consumers into the market. 

Flexibilities can be used, for example, in the form of load shifting and load 

reduction to balance supply and demand on the electricity market. Con-

siderable potentials of consumption-metered consumers are available for 

this, also taking into account technical restrictions, which can contribute 

to balancing supply and demand on the electricity market with corre-

sponding price signals from the market and appropriately designed regu-

latory framework conditions. In addition, this potential can be used to (fi-

nancially) secure compliance with supply obligations entered into by mar-

ket participants. 

1.2 Task and research objectives  

In recent years, methodological approaches for monitoring and assessing resource 

adequacy have been developed, taking adequate account of stochasticity and the 

integration of national electricity markets into the European internal electricity 

market, which take the first two aspects mentioned above into particular consid-

eration. Appropriate approaches have already been used in numerous analyses of 

resource adequacy.20 

 

20 Cf. e.g. Consentec /r2b (2015), PLEF (2015), PLEF (2018), ENTSO-E (2016), ENTSO-E (2017a), ENTSO-E 
(2018b), ENTSO-E (2020d). 
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At the same time, corresponding further developments of the methodological ap-

proaches have led to adjustments of legal regulations both in the EU and in Ger-

many. 

The Federal Ministry for Economic Affairs and Energy (BMWi) was obliged to con-

tinuously monitor the resource adequacy until the end of 2020. This report and 

its development form an essential element for this monitoring in the area of the 

European electricity markets with an impact on the territory of the Federal Re-

public of Germany as part of the internal electricity market. In addition, this report 

serves as a basis for the BMWi to fulfil its reporting obligation according to § 63 

para. 2 EnWG. 

In the analyses on which the report is based, pursuant to § 51 (3) and (4) EnWG, 

the following in particular shall be taken into account  

• the developments of generation, grids and consumption in Europe, 

• Adjustment processes on the electricity markets based on price sig-

nals,  

• cross-border balancing effects with neighbouring countries for feed-

ins of RE, loads and power plant outages, and  

• the contribution of new flexibility options (such as load management 

and emergency power systems)  

A probability-based (probabilistic, i.e. taking stochasticity into account) methodo-

logical approach is to be chosen, and the measurement and assessment of re-

source adequacy in the electricity market is to be carried out using suitably de-

fined indicators and their threshold values. 

The adaptation of the legal framework for the assessment of resource adequacy 

in the electricity market in Germany thus takes into account the current state of 

science.21 The EU Electricity Market Regulation also prescribes a transnational 

and probabilistic assessment of the adequacy of resources at national level in ac-

cordance with Article 24 in conjunction with Article 23. Article 23 (Assessment of 

 

21 Cf. European Parliament and Council (2019).  

http://www.gesetze-im-internet.de/enwg_2005/__63.html
http://www.gesetze-im-internet.de/enwg_2005/__63.html
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resource adequacy at European level), the EU Electricity Market Regulation also 

prescribes a transnational and probabilistic approach to monitoring resource ade-

quacy from 2021 onwards. Key requirements of the EU Electricity Market Regu-

lation (although not (yet) legally binding in the period in which the calculations 

were carried out) are already fulfilled in this report: 

• by taking into account market adjustment processes through endogenous 

modelling in scenario generation, the analysis is based on "appropriate cen-

tral reference scenarios for projected supply and demand [...], including an eco-

nomic assessment of the likelihood of shutdown, temporary closure and new 

construction of generation plants". 

• Consideration of the "contributions of all resources, including existing and fu-

ture opportunities for generation, energy storage, sectoral integration and load 

control". 

• Anticipation of the likely impact of (foreign) capacity mechanisms. 

• Use of a market model and load flow-based modelling of the interconnect-

ors. 

Against this background, the BMWi invited tenders in 2016 for the project "Def-

inition and monitoring of resource adequacy in the European electricity markets", 

which was commissioned to the consortium of r2b energy consulting GmbH, Con-

sentec GmbH, Fraunhofer ISI and TEP Energy GmbH. 

This report is the second and final project report under this project. 

1.3 Consultation process  

The assumptions underlying the calculations and analyses, as well as large parts 

of the methodology applied, were extensively consulted with representatives of 

the Federal Network Agency (BNetzA), the four German transmission system op-

erators (TSOs), the 16 competent state ministries as well as the Federation of Ger-

man Industries (BDI), the Association of Municipal Enterprises (VKU), the German 

Chamber of Industry and Commerce (DIHK) and the German Association of En-

ergy and Water Industries (BDEW). All participants in the consultation had the 

opportunity to submit written comments on the assumptions proposed by the 
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working group. Eight parties made use of this: TSOs, BNetzA, Baden-Württem-

berg, Bavaria, Berlin, Saxony, BDEW and VKU. 

1.4 Overview of the chosen methodological approach  

The first step was the further development of the definition of and the assessment 

scale for resource adequacy on the electricity market as well as further developing 

a methodology for modelling and monitoring RA on the European electricity mar-

ket on the basis of existing concepts.22 Subsequently, the resource adequacy was 

empirically analysed on the basis of the developed monitoring concept for the 

status quo and as a forecast for the following years as well as an outlook for the 

year 2030. 

The concrete research objectives within the framework of the project "Definition 

and monitoring of resource adequacy in the European electricity markets" are de-

fined as follows: 

• Definition of one or more suitable indicators as well as corresponding 

threshold values for monitoring and assessing the resource adequacy of 

the electricity supply system; 23 

• Derivation of scenarios for the development of the electricity supply sys-

tem based on detailed preliminary analyses24 and using a dynamic Euro-

pean electricity market model, taking into account stochasticity, economic 

efficiency, market mechanisms and market adjustment reactions; 

• Assessment of the level of resource adequacy using a probabilistic model 

that maps the probabilities of occurrence of possible system states. 

Within the framework of this project, we have met the new requirements outlined 

above by monitoring the resource adequacy on the basis of a consistent two-stage 

 

22 For a detailed presentation of the study on the definition and assessment scale for security of supply, cf. 
chapter 2; for the methodology used, cf. Chapter 3 in r2b / Consentec (2019). 

23  Cf. Section 2 in r2b / Consentec (2019). 

24 For a detailed description of the preliminary analyses on which the calculations are based, see Section 3 in 
r2b / Consentec (2019). 
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approach. For this purpose, we have further developed both models in a method-

ologically consistent manner and coordinated them with each other. One focus 

here is the most consistent possible representation of stochastics in the two mod-

els. 

FIGURE 1-1:  OVERVIEW OVER THE STRUCTURE OF THE CONSISTENT 
TWO-STAGE MODELING APPROACH 

 

Source: Own representation. 

In the first stage, we perform an extensive preliminary analysis to determine the 

framework conditions and the data basis, and then carry out a dynamic simulation 

of the development of the electricity supply system based on an integrated in-

vestment and dispatch model of the European electricity market (Germany, its 

electrical neighbors, Scandinavia, Great Britain, and Italy), taking into account the 

stochasticity of several weather and load years as well as power plant outages. 

The results of these simulation calculations are the input parameters for the sec-

ond stage - the analysis of resource adequacy using the probabilistic resource ad-
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equacy model. As a result, we then determine the level of resource adequacy tak-

ing into account the probabilities of occurrence of various system states, the Eu-

ropean internal electricity market and dynamic developments on the European 

electricity markets in a consistent two-stage approach. Finally, the resource ade-

quacy level is classified and evaluated on the basis of a proposal for a resource 

adequacy standard, the definition of which is also the subject of this project.25 

1.5 Classification of the evaluation approach and interpretability 

of the results  

In accordance with the task, the chosen methodology is designed and suitable for 

determining the resource adequacy on the electricity market. In this report, the 

term resource adequacy thus describes the long-term safeguarding of the balance 

between generation and consumption in the electricity supply system in the sense 

of balancing supply and demand on the electricity market. Accordingly, RA on the 

electricity market is given if those consumers can always obtain electrical energy 

whose willingness to pay (benefit) is greater than or equal to the market price 

(cost). 

In the short term, at the beginning of the period under consideration, the adjust-

ment processes of the market have only limited effects due to inherent inertia. In 

the model, we take this into account by specifying the development of the elec-

tricity supply system largely exogenously in the first model stage for the short-

term perspective (for example, by excluding model-endogenous new construction 

of generation plants). Accordingly, the second model stage tends to provide a 

measurement of market resource adequacy as the central result for this short-

term horizon. 

By the end of the period under consideration, the adjustment processes of the 

market can enfold an increasing effect. Since the first model stage depicts the 

market rules and the investment incentives caused by them, the development of 

the electricity supply system is increasingly determined by model-endogenously 

determined shares. In view of the market incentives for suppliers and consumers, 

 

25  Cf. Section 2 in r2b / Consentec (2019). 
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depicted in the model, due to the existing balancing group and balancing energy 

system, it can generally be expected that the system will be adequate in terms of 

supply in the market sense at least at the end of the period under consideration.26 

The central result in the long term is therefore a probable development path of 

the electricity supply system that is consistent with the assumptions made in the 

scenario generation. 

Given the task of anticipating any threat to resource adequacy on the electricity 

market and any obstacles to the use of available flexibilities, the following applies: 

• For the beginning of the period under consideration, the second model 

stage with the corresponding resource adequacy indicators provides a di-

rect basis for assessing the resource adequacy on the electricity market. 

• For the later part of the period under consideration, on the other hand, it 

can generally be expected that the resource adequacy indicators will lie in 

the non-critical range if the incentives in the balancing group and balanc-

ing energy system are set correctly and corresponding market adjustment 

processes take effect. An assessment of the resource adequacy in this time 

range requires, in particular, that the endogenous components of the de-

velopment path of the electricity supply system from the first model stage 

be assessed with regard to their plausibility and feasibility and, in doing so, 

analysed for any obstacles that may exist. The results of the second model 

stage are another building block for the plausibility of the development 

path, as they provide indications of how far the system is approaching the 

threshold values. 

The classification of RA in the electricity market also includes the fact that the 

transmission system operators have various other measures at their disposal to 

secure supply even if supply and demand should diverge. These include strategic 

reserves outside the electricity market, such as the German capacity reserve. 

 

26  Deviations from this can occur if, at the interface of the two model stages, adjustments required for compu-
tation time reasons to align different modelling depths lead to an overestimation of the resource demand in 
the second model stage and/or underestimation of the demand in the first model stage due to implicitly or 
explicitly conservative parameterisation. This primarily affects the peripheral countries with low import ca-
pacities to the core region in relation to the load. 
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Therefore, in variant calculations, we estimate the technical resource adequacy by 

additionally taking into account the possibility of using strategic reserves in the 

second model stage. 

1.6 Structure of the study  

This second project report is essentially an update and partial extension of the 

first project report from January 2019 and describes results on the resource ade-

quacy on the electricity market in Germany and its neighbouring countries27 based 

on scenarios developed within the project for the years 2021, 2023, 2025 and 

2030. 

In preparing this report, we have avoided duplicating the first report wherever 

possible. Instead, we provide references to the relevant sections of the first pro-

ject report where there are references to analyses already carried out and state-

ments that remain valid. The explanations in chapters 2 and 3 of the first report, 

especially on the methodological basis, are still valid, even if they are not pre-

sented again here. 

In Chapter 2, we present the central framework assumptions of a reference sce-

nario, which we have developed in consultation with the BMWi for this study and 

have comprehensively checked for plausibility by means of comparison with other 

studies and professional exchange with numerous scientific research projects. The 

reference scenario aims to represent a 'best guess' analysis of the relevant frame-

work assumptions from the current perspective. In this chapter we also describe 

the methodological approach and the basics for deriving the framework assump-

tions of the reference scenario. 

In Chapter 3, we present the results for the Reference Scenario. First, we describe 

in detail the development of the electricity generation system and the availability 

and development of flexibility options over time. Furthermore, in the sub-section 

 

27  The focus of the analysis is on Germany - accordingly, the accuracy is also greatest here. In addition, ex-
changes with satellite regions are modelled in the electricity market model in a simplified way via aggregated 
import and export functions, taking into account cross-border exchange capacities; see r2b / Consentec 
(2019) Appendix A.3. The exchange profile fixed in this way for each weather and observation year is fixed 
in the RA assessment carried out below. Therefore, the results for foreign countries and especially for coun-
tries with not explicitly modelled geographic providers are only robust to a limited extent. 
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"Balancing effects in the European electricity market" we show to what extent a 

consideration of balancing effects between consumption loads, supply-dependent 

RE feed-in and unplanned power plant outages in the European context reduces 

the requirements for securing resource adequacy through generation capacities 

or other flexible resources. We then present the results of the simulation calcula-

tions to derive the indicators for monitoring and assessing the resource adequacy. 

In Chapter 4, we describe the framework assumptions and results of alternative 

scenarios (sensitivities to the reference scenario) developed and analysed in this 

study. In each of the alternative scenarios / sensitivities, we have made a central 

change to the framework assumptions of the reference scenario. In a first hypo-

thetical sensitivity, in contrast to the reference scenario, we have assumed the 

fictitious situation that an "energy-only market" is implemented in all countries 

examined, i.e. no country-specific capacity markets are taken into account. In the 

second and third sensitivities, we have examined an increased sector coupling, i.e. 

a faster market penetration of electric mobility and electric heat pumps as well as 

more "power-to-X" in Germany and the foreign countries considered in the sense 

of a "what-if analysis". The two sensitivities for "increased sector coupling" differ 

on the one hand in the extent of the increase in annual electricity consumption 

compared to the reference scenario due to increased sector coupling and on the 

other hand in the respective underlying energy price scenarios. 

In Chapter 5, we give indications on accompanying measures to ensure resource 

adequacy as well as an outlook on the future German and European monitoring 

of resource adequacy in the electricity markets. 
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2 Assumptions reference scenario  

The assumptions for the model calculations of the market simulations and the RA 

analyses are essential determinants for the quantitative results of the monitoring 

of the resource adequacy. Some of the assumptions presented in the following 

sections of this chapter are relevant for both models of the two-stage modelling 

approach, i.e. for the analyses with the European electricity market model and the 

downstream quantitative RA analyses. Other assumptions (e.g. investment costs 

of power plants as well as fuel prices and CO2 certificate prices) are only needed 

for the market simulations to forecast the development of the power supply sys-

tem. In the following sections, we explain in detail the assumptions for the refer-

ence scenario. 

The reference scenario is a best-guess scenario.28 We have developed the assump-

tions on the basis of comprehensive and detailed research within the framework 

of the preliminary analyses as well as a comparison with other studies and ex-

change with external experts. This adequately reflects the most probable frame-

work conditions, goals and current developments in Germany and Europe. Excep-

tions to the 'best guess' approach are the conservative cost parametrisation of the 

flexibility options "voluntary load reduction by industry" and "emergency power 

systems" from the first project report. We have retained these. We have examined 

the effects of these assumptions in a sensitivity analysis within the framework of 

the first project report.29 

The final decisions on the so-called "EU Green Deal" were not available by the 

time the assumptions were finalized.30 However, the main thrust of the decisions 

was foreseeable, so that key developments in this area could be included in the 

sensitivities for increased sector coupling (see sections 4.2 and 4.3). From today's 

point of view, special attention should therefore be paid to the sensitivities for 

 

28  The calculations for this report were carried out as of 17.09.2020, so the term "best-guess" scenario refers 
to the information situation between the end of May and the end of August 2020, as the research / updates 
for this project report were carried out during this period. 

29  Cf. r2b / Consentec (2019) Sections 4.1 and 4.2. 

30  Cf. European Commission (2019). 
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increased sector coupling, which already take into account more ambitious climate 

protection.31In the following Section 2.1we describe the assumptions on market 

design regarding the reference scenario, i.e. whether and in what form we have 

assumed capacity mechanisms alongside the electricity exchanges. Subsequently, 

in Sections 2.2and 2.3describe exogenous assumptions on the development of 

the generation system: In Section 2.2we present key assumptions on the devel-

opments of the available capacities of conventional power plants as well as the 

methodology and assumptions for deriving the development of CHP plants in Ger-

many and the other countries considered. In Section 2.3we present the assump-

tions made for the development of renewable energies in the model region. Sub-

sequently, in Sections 2.4.1and 2.4.2we explain the assumptions regarding exist-

ing and future flexibility options (emergency power systems and voluntary load 

reduction in industry). In Section 2.5 we describe the assumed development of 

electricity demand as well as the derivation of the hourly structure of the electric-

ity load, taking into account partly flexible new consumers. In Section 2.6explain 

the assumptions on technical and economic characteristics of conventional power 

plants. In Section 2.7we address the modelling of balancing power reserve, before 

finally describing the assumptions on the development of cross-border import and 

export opportunities in Section 2.8 

2.1 Market design assumptions  

For the model-based analyses of the future development of the electricity market, 

it is important to depict the political and regulatory framework and, among other 

things, the market design. In this section, we therefore describe the assumptions 

we have made regarding the market design for the depicted countries. We distin-

guish between an energy-only market (EOM), an electricity market design with 

(centralised and decentralised) capacity markets and an electricity market design 

with other capacity mechanisms (e.g. strategic reserves). 

 

31  The achievement of the European and German climate protection targets against the background of the "EU 
Green Deal", which had not yet been redefined when the assumptions were finalized, was not examined in 
the two sensitivities for increased sector coupling. 
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In view of the increasing share of renewable energies in the national generation 

systems, the associated decreasing demand for capacities from conventional 

power plant technologies (especially classic base-load and medium-load power 

plants) and the simultaneously growing importance of regionally available control-

lable generation capacity, some European countries have introduced capacity 

mechanisms or have resolved to introduce them in the last few years. The aim is 

to keep fossil fuel-fired power plants on the market or to stimulate investment in 

new plants and the development of load-side flexibility options. Different design 

variants are used for this purpose: in the case of capacity mechanisms that operate 

within the electricity market, payments are granted to plants that are simultane-

ously allowed to generate revenues on the electricity market (including balancing 

energy markets). These mechanisms include centralized capacity markets (e.g., 

Great Britain, Poland), in which a central planning body determines a certain 

amount of secured capacity and procures it in tenders, and decentralized capacity 

markets, in which certain market players are obligated to procure a certain amount 

of secured capacity through corresponding regulatory provisions (e.g., France).32 

In contrast, there is the variant of a strategic reserve (also called capacity reserve). 

Plants that are remunerated within the framework of the capacity mechanism 

must hold their capacity in reserve and are not allowed to offer it on the electricity 

market, but are only used at the request of the transmission system operators in 

extreme situations. The latter mechanisms outside the electricity market pursue 

the goal of separating investment and dispatch decisions on the electricity market 

from the capacity mechanism as far as possible. Capacity mechanisms within the 

electricity market, on the other hand, pursue the goal of integrating the trading of 

electrical energy on the electricity market and capacity development within the 

framework of a closed market design. In this context, the different variants of a 

market design with capacity mechanisms in the existing European legal framework 

 

32 In addition, the group of capacity mechanisms that operate within the electricity market also includes instru-
ments based on price control, in which providers of secured capacity are granted administrative capacity 
payments in the event of availability in shortage situations on the electricity market. 
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are always to be regarded as so-called second-best solutions, which are only in-

tended to serve as temporary solutions until the existing barriers or disincentives 

of an EOM are removed.33 

In Germany, a strategic reserve was implemented with the capacity reserve.34 The 

capacity reserve was approved by the European Commission under state aid law 

on 7 February 2018.35 The approval of up to 2 GW of reserve capacity is valid for 

the period from 2019 to 2025. The procurement of the reserve capacity was or-

ganised by the TSOs in tenders and has been available since October 2020.36 

Belgium, Sweden and Finland also have strategic reserves, where an ex-ante de-

fined capacity is procured by the TSO via tenders and the awarded capacities from 

power plants (or flexible consumption loads) receive payments for holding their 

capacity outside the electricity market for a defined period of time. In Belgium, 

however, the possibility of procuring a strategic reserve will not be used in the 

period foreseeable at the time of writing. In addition, Belgium is striving to intro-

duce a capacity market. In this regard, the European Commission has initiated an 

in-depth review, the outcome of which is open. Therefore, the adoption of a ca-

pacity market in Belgium has been refrained from. A special feature of the strate-

gic reserves in Finland and Sweden is their joint use by the two countries: although 

the necessary reserve capacity is determined and procured individually for each 

country (at the time of writing 611 MW in Finland and 562 MW in Sweden), in 

critical situations the power plants in both countries are always called together, 

subject to minimising the overall costs.  

In the UK, the introduction of a central capacity market was already started in 

2014.37 Its design was the first to be approved by the EU Commission under the 

 

33  Articles 21 and 22 of the EU Electricity Market Regulation published in the Official Journal of the European 
Union, see European Council and Parliament (2019). 

34 In addition to this reserve used on the market side, power is also held in the grid reserve, which is used to 
manage bottlenecks in the transmission grid (redispatch). 

35 Cf. European Commission (2018a). 

36 Cf. BMWi (2018) / TSO (2019). 

37 The first delivery period was October 2018. 
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new "Guidelines on State aid for environmental protection and energy".38 France 

implemented a capacity market in 2017 (first delivery year), but its required ca-

pacity is not procured centrally by the TSO, but is organised in a decentralised 

manner by electricity suppliers via a regulatory obligation.39 

Poland also currently has a strategic reserve, which will be dissolved at the begin-

ning of the first delivery period of the central capacity market in 2021. In addition 

to the strategic reserve, capacity payments are also currently granted in Poland to 

plant operators whose offered generation capacities are available in excess of the 

market clearing quantity on the electricity market. These payments will also be 

terminated with the start of the capacity market.40 Similar capacity payments are 

currently granted in Italy. Together with the Polish capacity market, the EU Com-

mission also approved the planned capacity market in Italy in February 2018, the 

first delivery period of which is 2022 and will replace the previous capacity pay-

ments.41 The design of the central capacity markets in Poland and Italy is based in 

key areas on the design of the capacity market in the UK. Norway, Denmark, the 

Netherlands, Luxembourg, Switzerland, Austria and the Czech Republic currently 

have no capacity mechanisms. An overview of the market design implemented in 

the model parametrisation (with the exception of the sensitivity "energy-only mar-

ket") of the modelled countries is given in Figure 2-1. 

 

38  Cf. European Commission (2014). 

39  Cf. European Commission (2016b). 

40  Cf. European Commission (2018b). 

41  Cf. European Commission (2018c). 
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FIGURE 2-1:  MARKET DESIGNS CONSIDERED IN THE COUNTRIES UNDER 
CONSIDERATION 

  

Source: Own representation.  

The (strategic) reserves of the model countries were not (explicitly) taken into ac-

count when creating the scenarios for analysing the resource adequacy on the 

European electricity markets with the European electricity market model since the 

capacities contained therein are located outside the electricity market.42 Only the 

 

42  The installed capacities of different energy sources presented in the remainder of this chapter therefore 
always exclude strategic reserves in these countries. 
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capacity available on the electricity market is depicted. In the quantitative re-

source adequacy analyses (RA43 analyses), calculations are made without strategic 

reserves by default in order to show the resource adequacy on the electricity mar-

ket. In exemplary variant calculations for estimating the technical resource ade-

quacy, the strategic reserves are also taken into account. 

The existing approved capacity markets in Great Britain, France, Poland and Italy, 

on the other hand, are taken into account in the modelling for the duration of their 

respective approvals by the EU Commission. Specifically, the British and French 

capacity markets are already accounted for in the model in the first forecast year 

2021. The Polish capacity market is effective from the forecast year 2021 and 

until after 2030, whereby large plants that have already received multi-year con-

tracts in the capacity market may not be shut down endogenously in the simula-

tion calculations for reasons of economic efficiency. The first delivery period of 

the Italian capacity market is 2022, so we have assumed that the Italian capacity 

market takes effect from the first reference year after 2021 (i.e. in the forecast 

year 2023). All four capacity markets were initially approved by the EU Commis-

sion for a period of ten years. Due to the possibility of a premium for longer-term 

contracts in the capacity markets, we additionally assume that the effect of the 

central capacity markets in the UK, Poland and Italy will remain largely intact in 

part for a certain period after the official approval period has expired. For the 

French decentralised capacity market, on the other hand, we assume in the model 

only an effect until the end of its official approval period.  

From a technical implementation perspective, for each of the countries with a ca-

pacity market, a capacity balance must be fulfilled in the electricity market model. 

We have parameterised this using the residual load of all six weather years, the 

de-rated capacities of the interconnectors44 and the defined national RA level (all 

 

43  In the following, "resource adequacy" is abbreviated as "RA" as part of compound terms. 

44  De-rated capacity is the import capacity of the interconnectors reduced by a discount that is available for the 
participation of foreign capacities in the capacity market. 
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countries considered here have a LoLP of 0.034 %).45 The capacity balances de-

rived in this way must then be fulfilled in the model by means of the de-rated 

capacity of the national resources. For the potential capacity of load management 

in the industry, additional costs for the provision of capacity in the central capacity 

markets were assumed, which represent, among other things, the costs of a per-

manent provision of capacity and costs for trial calls of power. The capacity bal-

ance for the decentralised capacity market in France differs from the variant pre-

sented above in that no additional costs are incurred for the provision of capacity 

and trial activations.46 

2.2 Assumptions on the (exogenous) development of the conven-

tional power plants 

The future development of the thermal power plants is, in principle, determined 

model-endogenously within the framework of the integrated investment and dis-

patch calculations with the European electricity market model, i.e. on the basis of 

an economic efficiency analysis. However, this endogenous determination takes 

into account currently known political requirements and measures, assumptions 

on technical lifetimes, and other information available on the market, which we 

specify exogenously in the electricity market model. 

The starting point for our assumptions on the installed capacity in the model coun-

tries is the continually maintained, updated and expanded r2b power plant data-

base, which we have created as part of  many years of consulting activities and 

technical expertise.. On the one hand, it contains publicly available information, 

both commercial and non-commercial: on the European level, we have compared 

and, if necessary, updated the information on the basis of the S&P Global PLATTS 

World Electric Power Plants Database, ENTSO-E, databases of European institutions 

such as the European Commission or the European Environment Agency, private 

stakeholders (e.g. EEX, consultancies/analysts) and NGOs as well as civil society 

 

45 We have defined the residual load as the load minus the feed-in from onshore and offshore wind energy, PV 
and run-of-river. 

46 In the decentralised capacity market in France, suppliers can also reduce their need for certificates by reduc-
ing their load using flexible loads, which is why we assume that no additional costs are incurred for the 
permanent provision of capacity on the capacity market or trial activations. 
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campaigns. We then compared this data again on the basis of national information 

from TSOs, regulatory authorities, ministries of economics and energy and private 

entities (e.g. power plant operators, think tanks, consultancies, power exchanges). 

On the other hand, we include information that we have received in the course of 

our consulting activities and that is not publicly accessible. In cases of doubt (in-

consistencies of the collected information with previous information in the r2b 

database as well as between different data sources), we conduct additional indi-

vidual research. Particularly with regard to planned additions and decommission-

ings of conventional power plants, we researched additional information based on 

national resource adequacy reports, energy strategies or concepts and other publi-

cations and compared it with the information already available in our power plant 

database. 

The development of nuclear energy, coal-fired power plants and, to some extent, 

CHP plants are of high political importance and heavily regulated in all European 

countries. In these areas, the construction of new power plants is therefore largely 

determined exogenously with the support of model-based quantitative prelimi-

nary analyses. In contrast, possible investments in power plants based on natural 

gas (apart from CHP plants to maintain the heat supply) are completely model-

endogenous. Temporary closures (mothballing or cold reserve) and early permanent 

closures (disinvestment) can be carried out by the model for all thermal power plant 

technologies with the exception of CHP plants for economic reasons. In the fol-

lowing subsections, we present the exogenous assumptions for the development 

of power plants based on nuclear energy, coal and CHP in detail (cf. Sections 

2.2.1to 2.2.3). First, however, in Figure 2-2 we provide an overview of the exog-

enous model specifications for the basic development of controllable conven-

tional generation capacity at the European level (initial path of installed capacity), 

aggregated over the fuels. The exogenous specifications include already known 

planned closures and additions as well as specifications for the technical lifetime 

of the individual power plant units, which determine the latest possible closure 

date. In the model, early closures and model-endogenous additions can take place 

in deviation from the latest possible closure date. 
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FIGURE 2-2:  EXOGENOUS MODELLING INPUT FOR THER DEVELOPMENT OF 
INSTALLED CAPACITY (NET) OF CONVENTIONAL POWER PLANTS IN 2021 
AND TABULAR OUTLOOK UP TO 2030 (DEVELOPMENT WITHOUT 
ENDOGENOUS ADDITIONS/REMOVALS 
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[GW] 2021 2023 2025 2030 

Germany 77.000 61.446 66.053 60.200 

Belgium 12.520 10.480 8.985 6.548 

Denmark 3.933 4.054 3.994 3.833 

Finland 8.836 10.446 10.413 10.409 

France 79.472 78.220 77.016 73.355 

Great Britain 48.606 45.064 41.029 42.135 

Italy 53.120 53.832 52.839 46.112 

Luxembourg 0.104 0.102 0.091 0.073 

Netherlands 21.796 21.769 20.978 15.860 

Norway 0.365 0.365 0.365 0.365 

Austria 5.793 5.775 5.853 5.835 

Poland 33.812 31.060 31.441 25.000 

Sweden 11.825 10.939 10.272 10.199 

Switzerland 3.682 3.682 3.682 2.952 

Czech Republic 14.316 14.239 13.957 13.689 

Sum 375.180 351.473 346.968 316.565 
 

Source: Own representation. 

Across all considered model regions, it can be seen that the total, exogenously 

specified, capacity in the initial path for all conventional, controllable generation 

plants declines over time. Thus, the total generation capacity of these plants47 

across the model regions decreases successively from approx. 370 GW in 2020 

to approx. 271 GW in 2030. This decrease is driven by the fact that power plant 

 

47  These include: Nuclear energy, hard coal, lignite, natural gas, converter gas, blast furnace gas and waste (non-
biogenic part). 
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units reach their technical lifetime. In addition, we take into account closures an-

nounced by power plant operators in the short term as well as political decisions 

in the short and medium term. The latter refer, for example, to the decommission-

ing of nuclear power plants in Germany or of coal-fired power plants in countries 

that have resolved a coal phase-out in electricity generation (cf. Sections 2.2.1and 

2.2.2). Conventional power plantsunder construction or at an advanced stage of 

planning are also taken into account in this representation of the exogenous ca-

pacity development as well as an exogenously specified, scenario-specific replace-

ment of natural gas CHP plants determined on the basis of model-based prelimi-

nary analyses (for details, see Section 2.2.3). However, the additions cannot barely 

compensate for the assumed exogenous closures.  

2.2.1 Assumptions on the development of nuclear energy  

Future developments in the field of electricity generation from nuclear energy are 

largely determined by decisions of the individual countries in the field of nuclear 

energy policy. This is done through phase-out decisions with fixed remaining life-

times, through bans on new construction or politically adopted targets for the de-

velopment of electricity generation from nuclear energy.  It is also accomplished 

through political decisions to enter nuclear energy or to expand it. In view of this, 

the developments of the installed capacities of the nuclear power plants are ex-

ogenously specified in the electricity market modelling, i.e. both (latest) decom-

missioning dates of existing plants and planned additions are specified and not 

determined by the model. The starting point for the capacity developments is the 

installed capacity at the beginning of 2021 (Figure 2-3). The data basis for this is 

our European power plant database, in which all power plants are stored with all 

relevant technical data as well as current information on availabilities and cur-

rently valid operating times.48 

 

48  The database of our European power plants is regularly updated as part of ongoing research. 
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FIGURE 2-3: EXOGENOUS MODELLING INPUT FOR THE DEVELOPMENT OF INSTALLED 
CAPACITY (NET) OF NUCLEAR POWER PLANTS IN 2021 AND TABULAR 
OUTLOOK UP TO 2030 (DEVELOPMENT WITHOUT ENDOGENOUS 
ADDITIONS/REMOVALS).  
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[GW] 2021 2023 2025 2030 

Germany 8.113 0 0 0 

Belgium 5.918 3.904 2.433 0 

Finland 2.779 4.379 4.379 4.570 

France 61.370 62.110 61.200 57.640 

Great Britain 8.883 5.811 6.293 7.498 

Netherlands 0.482 0.482 0.482 0.482 

Sweden 7.716 6.835 6.835 6.835 

Switzerland 2.960 2.960 2.960 2.230 

Czech Republic 3.930 3.930 3.930 3.930 

Sum 102.151 90.411 88.512 83.185 
 

Source:  Own representation based on ENTSO-E (2020a), BEIS (2019) for GB and own research. 

In order to obtain a consistent picture regarding the implementation of current 

policy decisions by the countries and their concrete effects on capacity develop-

ments, we  base our assumptions of future capacity developments of nuclear en-

ergy on the corresponding current assumptions of the European Transmission 

System Operators for Electricity (ENTSO-E) from the National Trends scenario of 

the TYNDP 2020.49 If there is more up-to-date, reliable information on the oper-

ating lives of individual nuclear power plants or more recent political decisions or 

laws that have not yet been taken into account in the ENTSO-E assumptions, we 

make different assumptions for individual countries or individual forecast years. 

In detail, we use the following sources for the assumptions, which deviate from 

those of ENTSO-E: 

1. United Kingdom: Here we use the UK government's projections from the 

reference scenario of the Updated energy and emissions projections 2018 

from the Department for Business, Energy & Industrial Strategy. 50 

 

49 Cf. ENTSO-E (2020a). 

50 BEIS (2019). 
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2. Switzerland: Based on our own research into the current operating times 

of Swiss nuclear power plants, a less rapid reduction in output is assumed 

than in the TYNDP 2020. In particular, there has been no decision to date 

to phase out nuclear energy, but only a ban on new construction according 

to the Energy Strategy 2050.51 

3. Sweden: Here we have adopted the capacity development from the 

TYNDP 2020, with the only deviation that the first closures in our assump-

tions only take place after 2030. ENTSO-E already assumes a power re-

duction of 0.9 GW in 2030. In accordance with ENTSO-E, we assume the 

Swedish nuclear phase-out by 2040. The basis for the assumed nuclear 

phase-out is the target in Sweden's NECP to switch to 100 % renewable 

electricity generation by 2040. 52 

4. Belgium: In Belgium, the last three nuclear power plants will go offline in 

the second half of 202553 according to current guidelines. In our model, 

they are therefore still active for the reference year 2025.54 

In Germany, the power development is mapped in accordance with Section 755 of 

the Atomic Energy Act and decreases from 9.5 GW at the beginning of 2019 due 

to the decommissioning of the Philippsburg 2 unit by 31 December 2019 to 8.1 

GW in 2020. The decommissioning of the Gundremmingen C, Grohnde and 

Brokdorf units will follow at the end of 2021 and that of the remaining Neck-

arwestheim 2, Emsland and Isar 2 units at the end of 2022. 

We have carried out additional plausibility checks on the basis of our own internet 

research on individual power plants, e.g. on the basis of press articles or infor-

mation provided by the operators. 

We break down the expected capacity developments at the national level into the 

operating times of individual power plant units. In doing so, we use, among other 

 

51 Cf. DETEC (2019).  

52 Ministry of the Environment and Energy (2017) 

53 Doel 2: closure on 01.12.2025; Thiange 3: closure on 01.09.2025; Thiange 1: closure on 01.10.2025 

54 In the assumptions of the MAF/TYNDP, Belgium's nuclear power output for 2025 is already given as 0.  

55 AtG (2017).  
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things, decommissioning announcements by the operators, legally valid infor-

mation on operating licenses or the age of the power plant as a basis. The resulting 

installed capacities for the years 2021 to 2030 are shown in Figure 2-3. 

2.2.2 Assumptions on the development of coal-fired power plants  

The trend towards the politically targeted reduction of the share of coal-fired 

power generation in the electricity generation mix in large parts of Europe (already 

described in the first project report), has continued in the meantime in the Euro-

pean regions considered. Figure 2-4 below shows the planned year of shutdown 

of the last coal-fired unit for each of the regions parameterised in our model.  

FIGURE 2-4: PLANNED PHASE-OUT DATES FROM COAL-FIRED POWER GENERATION IN 
THE MODEL REGIONS CONSIDERED.  

 

Source:  Own research. The planned year of the shutdown of the last coal-fired unit is shown in each case. 
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In spring 2020, the last coal units were shut down in both Austria and Sweden.56 

Great Britain, the Netherlands, France, Denmark, Italy, Finland and Germany have 

published political strategies or passed laws defining an exit date from conven-

tional coal-fired power generation.57 The coal-fired power plants currently still in 

operation in these countries will therefore be decommissioned by the respective 

announced end dates (at the latest) for coal-fired power generation. For the Neth-

erlands and Italy, in deviation from the assumptions of the first project report, we 

have no longer assumed that the hard-coal-fired power plants commissioned after 

2000 will be converted to bioenergy and continue to be operated beyond the end 

date of coal-fired power generation, as these assumptions appear increasingly un-

realistic in the light of current discussions in these countries. In addition, at the 

time of the analyses, the Netherlands brought forward a bill limiting the lifetime 

of Dutch coal-fired power plants to approximately 25%-35% of their maximum 

possible full load hours in the calendar years 2021, 2022 and 2023.58 This bill was 

implemented in the model parameterisation. In the Czech Republic, a coal com-

mission was established in summer 2019 to develop initial recommendations for 

a reduction in coal-fired power generation by Q4 2020 and to conduct an official 

discussion on the coal phase-out.59 Poland was not pursuing any official plans to 

end coal-fired power generation at the time of the model parameterisation. 

In total, the installed capacity of coal-fired power plants in the countries under 

consideration gradually decreases from approx. 93 GW at the beginning of 2021 

to just under 44 GW in 2030. Currently, or according to the model assumption at 

the beginning of 2021, Germany and Poland have the largest coal-fired power 

 

56  Cf. Verbund (2020), Stockholm Exergi (2020). 

57  See BEIS (2018), BEIS (2020); Ministry of Economic Development, Ministry of the Environment and Protec-
tion of Natural Resources and the Sea and Ministry of Infrastructure and Transport of Italy (2019), p. 8; 
Ministry of Economic Affairs and Climate Policy of the Netherlands (2019), p. 53; Gouvernement.fr (2018); 
Danish Ministry of Climate, Energy and Utilities (2019), p. 26; Ministry of Economic Affairs and Employment 
(2019), p. 12. 

58  Cf. Ministerie van Economische Zaken en Klimaat (2020). 

59 Cf. Wysokienapiecie.pl (2018), S&P Global (2019). 
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plant parks in Europe with about 35 GW and 27 GW, respectively.60 They are fol-

lowed (at some distance) by the UK, Italy and the Czech Republic, each with 

around 6 GW to 8 GW of installed coal-fired power plant capacity (cf. Figure 2-5).  

FIGURE 2-5: EXOGENOUS MODELLING INPUT FOR THE DEVELOPMENT OF 
INSTALLED CAPACITY (NET, WITHOUT STRATEGIC RESERVES) 
OF COAL-FIRED POWER PLANTS AT THE BEGINNING OF 2021 
AND TABULAR OUTLOOK UP TO 2030 (DEVELOPMENT 
WITHOUT ENDOGENOUS ADDITIONS/REMOVALS). 

 

 

60 For Germany, the capacity development of coal-fired power plants is fixed exogenously on the basis of the 
KWSB report. Cf. explanations below. 
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[GW] 2021 2023 2025 2030 

Germany 35.470 25.876 23.143 16.938 

Denmark 1.486 0.752 0.752 0.372 

Finland 2.551 2.476 2.266 1.693 

France 2.988 0 0 0 

Great Britain 5.882 4.592 0 0 

Italy 6.345 6.345 6.345 0 

Netherlands 4.024 4.024 3.381 0 

Poland 27.248 24.461 23.409 16.891 

Czech Republic 8.071 8.037 7.901 7.815 

Sum 93.465 76.562 67.197 43.709 

Source: Own assumptions.     

 

In the present analyses, coal-fired power plant units that were at an advanced 

stage of construction at the time of the model parameterisation were taken into 

account as exogenously assumed additions. However, this only applies to new 

constructions in Poland. In addition, model-endogenous new coal-fired power 

plant constructions are assumed to be extremely unlikely in the future in all coun-

tries considered  due to political statements or requirements or social consensus 

and are therefore not permitted.  

Power plant closures take place either in line with the model due to a lack of eco-

nomic viability or after the expiry of an assumed maximum technical service life 

of usually 45 years. 61  Where available, decommissioning announcements by 

power plant operators, TSOs and regulatory authorities were also taken into ac-

count.  

 

 

61 In order to reflect very old power plants that are still in operation, technical lifetimes of up to 60 years were 
also applied in individual cases (e.g. for power plant units in Germany and Poland). 
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In Germany, the Commission for Growth, Structural Change and Employment (ab-

breviated to: KWSB) recommended a pathway for the gradual reduction, including 

an end date, of German coal-fired power generation in its final report submitted 

in January 2019. In August 2020, the German government then enacted the Act 

to Reduce and End Coal-fired Power Generation and to Amend Other Laws (abbrevi-

ated to: KVBG or Coal Phase-out Act), which imposes an obligation to end coal-

fired power generation  by 2038. While unit-specific decommissioning dates for 

lignite-fired power plants are anchored in law, the reduction of output from hard 

coal-fired plants will be implemented up to and including 2026 via tenders, in 

which the power plants with the lowest CO2 avoidance costs will be identified and 

compensated for decommissioning in accordance with their bids.62 From 2027 on-

wards, decommissioning will take place without compensation according to age 

(i.e. commencement of commercial operation). 

This path is implemented in the reference scenario as follows: while at the begin-

ning of 2021 a total of 35.5 GW is still installed in hard coal and lignite power 

plants, the installed capacity is reduced to 17 GW by 2030. Furthermore, it was 

assumed for the modelling in Germany in the reference scenario that no endoge-

nous closures of lignite and hard coal plants (for economic reasons) will take place 

by the planned end of coal-fired power generation in 2038. The assumed coal 

path reflects the target data of the KVBG in terms of a maximum operating life of 

the coal-fired power plants. 

In Poland, the use of coal in energy generation is extremely important. In 2019, 

around 48 % of Poland's total electricity generation of 161 TWh came from hard 

coal (77 TWh), and a further 27 % from lignite (43 TWh).63 In its draft Polish En-

ergy Policy 2040 (PEP2040) published in November 2018, the Polish government 

for the first time officially aims for a long-term decline in the share of coal-fired 

 

62 The hard coal output indicated up to and including 2025 does not include the Weiher III and Bexbach power 
plants, which have been provisionally notified to the BNetzA for decommissioning, as they do not participate 
in the market. However, as the plants are legally expected to return to the electricity market at any time, 
they must be included in the target quantities for reducing coal-fired generation pursuant to the KVBG. The 
capacity theoretically available to the market is thus just under 1.4 GW above the figures up to and including 
2025. 

63 Cf. Agora Energiewende and Sandbag (2020). 
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electricity in the total electricity mix.64 However, an exit target from coal-fired 

power generation is not mentioned. 

The Polish coal-fired power plant park is assumed to have a total capacity of 

27 GW available on the market at the beginning of 2021. Based on information 

from the Polish transmission system operator PSE, we have added the commis-

sioning of two new coal-fired units in 2020 (a 910 MW hard coal unit in Jaworzno 

and a new lignite unit at the Turów site with a net capacity of 447.5 MW).65 After 

the construction of Ostrołęka C, a 900 MW unit originally planned on the basis of 

hard coal and already considered by politicians to be the last new coal-fired power 

plant in Poland66, was cancelled by the operator in spring 2020, we assume that 

there will be no more coal-fired power plant additions in Poland.67 Against this 

background, we have no longer admitted the construction of new coal-fired 

power plants in Poland. 

At the beginning of 2021, coal-fired power plants with a total capacity of almost 

6 GW are still on the market in the UK. With the British carbon price floor, an al-

ready existing emission standard that de facto excludes the construction of new 

coal-fired power plants without the use of carbon capture and storage (CCS) in 

the UK, and the additionally planned introduction of a further emission standard 

(which is also not achievable for conventional coal-fired power generation and 

that is to apply to existing power plants from 2025), three effective policy 

measures to reduce coal-fired power generation are now in force or in planning.68 

Already in recent years, the share of electricity generation from coal-fired power 

plants in the UK dropped significantly and amounted to only 2 % in 2019.69 In line 

with these developments, the successive decommissioning of all coal-fired power 

 

64  Cf. Ministry of Energy of Poland (2018a). 

65  Cf. PSE (2019). 

 66 See Ministry of Energy of Poland (2018b). 

67  Cf. Energate Messenger (2020). 

68  Cf. BEIS (2018). 

69  Cf. Agora Energiewende and Sandbag (2020). 
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plants in the UK by the end of 2024 at latest is assumed for modelling.70 New 

construction or retrofitting of existing plants with CCS is not considered as an 

option. 

At the beginning of 2021, the Czech Republic is expected to have about 8 GW of 

installed coal-fired power plant capacity, of which about 80 % are lignite-fired 

power plants. The operators of the power plants, three quarters of which are al-

ready 30 years old or even older, are facing a generally difficult market environ-

ment due to stricter emission regulations, significantly increased CO2 prices and 

low wholesale electricity prices. Against this background, the Czech TSO CEPS 

assumes that a relatively large amount of capacity will be decommissioned in the 

early 2020s and a total of about 4 GW of old coal-fired units by 2030.71 

In its 2015 State Energy Policy of the Czech Republic (SEK), on which the analyses 

of the Czech NECP are also based, the Czech government announced that the 

share of coal in electricity and heat generation would gradually fall to between 

11 % and 21 % by 2040 (from the current level of more than 40 %).72 In addition, 

a coal commission was set up in the summer of 2019 to identify transformation 

paths towards a diversification of the energy supply and thus a reduction in coal-

based electricity generation by September 2020.73 Against this background, we 

exclude the construction of new large-scale power plants based on coal in the 

model. 

In Italy, 6.3 GW of hard coal-fired power plants are assumed to be in operation at 

the beginning of 2021. The Italian government announced in November 2017 that 

it would phase out coal-fired power generation by 2025.74 Although no concrete 

measures to implement this goal were known at the time the model assumptions 

 

70 Insofar as corresponding plans for individual power plant units are known, we have assumed a conversion 
to bioenergy. 

71  Cf. CEPS (2018), CEPS (2019). 

72  Cf. Agora Energiewende and Sandbag (2020) and Ministry of Industry and Trade (2015). 

73 Cf. Government of the Czech Republic (2019), p. 315. 

74  Cf. Ministero dello Sviluppo Economico and Ministero dell'ambiente e della tutela del territorio e del mare 
(2017).  
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were set, the goal of phasing out coal by the end of 2025 is confirmed in the final 

Italian NECP and implemented accordingly in the model.75 

2.2.3 Assumptions on the development of cogeneration  

The combined generation of electricity and heat in power plants fired with hard 

coal, lignite, natural gas and petroleum products is very important in Germany and 

some other countries included in the analyses. In 2018, the absolute CHP elec-

tricity generation of these power plants in Germany was about 80 TWhel, which 

corresponds to a share of about 25 % of the total electricity generation based on 

the corresponding primary energy sources. 

The economic viability of these CHP plants does not depend exclusively on the 

revenue opportunities on the electricity markets. Rather, the operators of the 

plants can achieve additional revenues when selling the heat or cost savings in the 

case of own consumption (electricity / heat) compared to uncoupled heat gener-

ation and in many cases receive additional direct or indirect subsidy payments. In 

return, the operators of these plants must meet their contractual obligations to 

supply heat or the operators must cover their own heat demand. 

In view of this, the development of the installed capacity of CHP plants is not 

exclusively dependent on the development of the electricity markets, but in par-

ticular also on the developments of the (CHP-capable) heat demand, the develop-

ment of alternative technologies for the provision of  heat demand as well as de-

velopments in the promotion of CHP. 

In the following subsections, we present the methodology for deriving and making 

assumptions regarding the development of the installed capacity of CHP plants in 

Germany and the European countries considered in the modelling. We first give a 

detailed presentation for the relevant developments with significance for the fu-

ture role of CHP in Germany. For the other countries included in the analyses, we 

have used a largely similar methodological approach and subsequently present the 

key assumptions and resulting findings on the development of CHP plants. 

 

75  See Ministry of Economic Development, Ministry of the Environment and Protection of Natural Resources 
and the Sea and Ministry of Infrastructure and Transport of Italy (2019). 
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Development of combined heat and power generation in Germany  

We have developed framework assumptions for the future development of CHP 

in Germany that are consistent with the following current energy policy objectives 

of the German government in this area: 

- Achieving a share of renewable energies in the district heating supply of 

30 % by 2030 in accordance with the Federal Government's National En-

ergy and Climate Protection Plan (NECP).76 

- Achieve a CHP electricity generation volume of at least 120 TWhel by  

2025 in accordance with the target set in the current CHP Act. 

- Achieve a share of CHP electricity generation in the controllable electricity 

generation of 40 to 45 % by 2030 according to the target recommendation 

in the report on the evaluation of cogeneration.77 

First of all, we have derived a development path for future "CHP-capable" heat 

demand on the basis of extensive literature research.78 This includes district heat-

ing demand in public supply systems, industrial CHP heat as well as CHP heat in 

other areas, in particular from decentralised object CHP units (combined heat and 

power plants) and decentralised bioenergy plants. As a result, Figure 2-6 shows a 

development that in the sum of district heating, CHP heat generation in industry 

and CHP in other sectors increases moderately compared to the current level by 

2030. 

While CHP heat generation in industry decreases moderately and CHP heat gen-

eration in other sectors decreases significantly by 2030, heat demand in district 

heating increases significantly by 2030 compared to the historical year 2018. 

 

76 Cf. BMWi (2019b). 

77 Cf. Prognos et al. (2019). 

78 The following sources, among others, were taken into account: AGFW (2018), BCG/Prognos (2018), FfE 
(2017), Fraunhofer ISI et al. (2017), Prognos et al. (2019). 
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FIGURE 2-6: DEVELOPMENT OF CHP-CAPABLE HEAT DEMAND  

 

Source:  Own representation based on Fraunhofer ISI et al. (2017), FFE (2017), Öko-Institut (2017). 

In order to depict both the achievement of the RE expansion target of 30 % in 

district heating and the volume and share targets for CHP electricity, we have 

assumed a comparatively strong expansion of district heating systems. Figure 2-7 

shows the resulting development and structure of heat generation in district heat-

ing. According to this, heat generation from CHP plants decreases only slightly 

despite the expansion of RE generation in district heating.  
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FIGURE 2-7: DEVELOPMENT OF DISTRICT HEATING GENERATION BY TECHNOLOGY 

 

Source:  Own representation based on research and calculations. 

Based on this, we derived the residual heat demand, i.e. heat demand minus un-

coupled heat generation, taking into account assumptions on the development of 

heat generation by Power to Heat (PtH), natural gas boilers, other gases, waste as 

well as renewable heat technologies in the district heating systems. 

Based on our power plant database and the assumptions made about CHP plant 

closures, we determine the CHP heat generation of existing plants over time. The 

starting point are the 2018 statistics on the total amount of CHP heat generation 

per fuel and application area (district heating/industry). 

Due to the closures, a heat coverage gap arises that is covered in the model by 

newly added replacement CHP plants based on natural gas (cf. Figure 2-8). 
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FIGURE 2-8: ASSUMPTIONS ON THE DEVELOPMENT OF (RESIDUAL) CHP HEAT 
DEMAND IN GERMANY COMPARED TO 2020 ("EXISTING")  

 

Source:  Own calculations.  

The heat generation quantities assigned to the individual power plant units are 

based on individual research about the CHP heat generation of the plants as well 

as assumptions about typical modes of operation depending on technical param-

eters and the design of the plants. The method for lignite-fired power plants with 

CHP heat generation forms an exception to this. For the allocation of CHP heat 

generation quantities for the lignite-fired power plant units, we have used the data 

in the study "The German Lignite Economy" by Agora / Ökoinstitut79, after check-

ing the plausibility of the data. Assuming a realistic technology mix, typical output-

related electricity ratios and utilisation rates of the plants in different areas, the 

coverage gap of heat generation results in the expansion shown in Figure 2-9, 

which is required to ensure a secure heat supply. Up to 2023, we have only ac-

counted for known CHP new-build projects. Compared to 2020, this results in a 

cumulative gross addition of 15.1 GW of natural gas CHP plants by 2030.  

 

79 Cf. Ökoinstitut (2017). 
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FIGURE 2-9: ADDITION OF NEW NATURAL GAS CHP REPLACEMENT PLANTS 
COMPARED TO 2020 IN GERMANY (IN THE REFERENCE SCENARIO, 
CUMULATIVE)  

 

Source:  Own calculations.  

In Germany, we differentiate between the following CHP application fields when 

deriving the expansion technology mix: 

• District heating 

• Industrial CHP 

• Fossil-fired CHP units 

• Bioenergy for building- or local heat-supply 

For the new CHP replacement plants, we assume a realistic technology mix based 

on the assumption of electricity ratios and annual full load hours of heat genera-

tion. Table 2-1 assumed technology mix for CHP replacement plants based on 

natural gas for the different application areas.  
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TABLE 2-1: ASSUMPTIONS ON NATURAL GAS CHP REPLACEMENT PLANTS IN THE 
DIFFERENT FIELDS OF APPLICATION 80 

 

 

Power-related 

electricity ra-

tio 

Power-related 

CHP electric-

ity ratio 

Energy-related 

CHP electric-

ity ratio 

Full load hours 

CHP heat in 

h/a 

District heating 1.12 1.05 0.92 3750 

Natural Gas CHP in-

dustry 
0.65 0.65 0.65 5000 

Local heat-supply 0.65 0.65 0.65 3500 
 

Source:  Own representation. 

As a result, we get an addition of natural gas CHP replacement plants that 

• is consistent with the assumptions of the residual heat demand, 

• is consistent with the assumed decommissioning path / the existing de-

commissioning information on power plants, 

• takes the known new CHP buildings into account, and 

• represents a realistic scenario for replacement CHP technologies. 

The use of CHP plants is differentiated between the CHP application fields. In the 

model, the CHP plants are used in largely heat-driven or flexible CHP operation, 

depending on the CHP plant technology. The flexibility in the electricity market 

model is made possible by a simultaneous mapping of natural gas boilers, an in-

crease in heat storage in the district heating systems and an increase in the output 

of electrode boilers and large heat pumps, which are used on the one hand for 

heat-side peak load coverage (exceeding the thermal CHP output), and on the 

 

80 The power-related electricity ratio describes the ratio between the nominal electrical power of the entire 
plant and maximum heat extraction. The power-based CHP electricity ratio describes the ratio between 
electrical output of the CHP slice and thermal output at maximum heat extraction. The work-related CHP 
electricity ratio describes the ratio between CHP electricity generation and CHP heat generation. The full 
load hours CHP heat describes the full load hours in relation to the amount of heat decoupled, i.e. at assumed 
maximum heat output. 
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other hand enable additional flexibility of the CHP plants when electricity prices 

are particularly high and low or negative.81 

Development of cogeneration in Europe  

For the rest of Europe, we used basically the same methodology to determine 

CHP substitution as for Germany, although we did not make any additional differ-

entiation between district heating, CHP in industry and CHP in other sectors due 

to the availability of data. 

We have derived the residual heat demand on the basis of the data in the 

"PRIMES EU Reference Scenario 2016" on final energy consumption from CHP and 

district heating, taking into account the increasing share of renewable heat in 

district heating networks.82 

In the development of the CHP heat output , we have assumed a development 

proportional to the development of the residual heat demand. Finally, the electri-

cal output of the CHP plants is calculated on the basis of the technology assump-

tions for the electricity ratios of the CHP plants. 

We have assumed a representative natural gas CHP technology as the CHP addi-

tion and CHP replacement technology in all countries. In Poland and the Czech 

Republic, we assumed in the first report that coal-fired CHP plants would also be 

added in the future. Due to a deterioration in the economic and political environ-

ment for coal, we assume in this report that decommissioned CHP plants in Poland 

and the Czech Republic will also be replaced exclusively by natural gas-fired 

plants. 

The resulting installed electrical capacity of new CHP plants, which mainly results 

from the replacement of old, decommissioned coal and gas CHP plants in the 

countries included in the analyses (except Germany), is shown in Figure 2-10. 

 

81  Thus, in the model, there is the possibility of a short-term increase in electricity generation from heat-driven 
plants in electricity-side shortage situations when electricity prices are high, based on the assumption of a 
bypass or an emergency cooler, or with flexibility to use the heat by means of heat storage. 

82 Cf. European Commission (2016c). 
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FIGURE 2-10: CUMULATIVE ADDITION OF NEW CHP REPLACEMENT PLANTS 
COMPARED TO 2020 IN THE OTHER COUNTRIES CONSIDERED (WITHOUT 
GERMANY) 

 

Source:  Own calculations.  

This results in a gross increase in natural gas-fired CHP plants in other European 

countries of 21.1 GW by 2030. 

In other European countries, we have also assumed a flexibilisation of CHP sys-

tems based on natural gas boilers and assume an increase in the number of PtH 

systems. Heat storage systems abroad were not modelled. 

2.3 Development of renewable energies and pumped storage 

power plants  

Since the development of RE enjoys a high political significance in all countries 

considered and the future expansion is accordingly significantly controlled by po-

litical decisions and requirements, we specify the assumptions on the develop-

ment of RE exogenously to the model. In the following sections, we present our 

detailed assumptions on the expansion of RE and pumped storage power plants 
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in the electricity supply in Germany and the European countries considered in the 

modelling.83 

2.3.1 Development of installed RE capacity in Germany  

The scenario regarding the expansion of RE in Germany was developed together 

with the Federal Ministry of Economic Affairs and Energy. The development of 

installed capacity up to 2030 corresponds to the information in the Federal Gov-

ernment’s Climate Protection Programme 203084 (assumptions for after 2030 are 

based on scenario B of the scenario framework for the Network Development 

Plan (NDP) 2021-35 approved by the BNetzA.85 In particular, the expansion target 

defined in the coalition agreement86 for the 19th legislative period was assumed 

to be met by 2030. According to this, the share of renewable energies in gross 

electricity consumption is to increase from approx. 42 % in 201987 to 65 % by 

2030. 

The development of the installed capacity of the individual RE technologies in 

Germany is shown in Table 2-2. The figures for the installed capacity of the re-

spective technologies take into account both assumptions on the construction 

and decommissioning of RE plants. The values refer to the end of the year in each 

case. 

Based on this, the installed capacity of onshore wind energy will increase by ap-

prox. 30 % between 2019 and 2030. In the coming years, the expansion of on-

shore wind energy will be based on the tendering regime stipulated in the EEG. 

Due to the phasing out of subsidies for older existing plants, increasing decom-

missioning of wind turbines in Germany is assumed from 2021 onwards. From 

 

83  Electricity generated in pumped storage power plants is only considered renewable energy if it comes from 
natural inflow. In the following section 2.3.2only the electricity generated in pumped storage power plants 
with natural inflow is taken into account to illustrate electricity generation. In order to illustrate the installed 
capacity, however, the capacity of all pumped storage power plants is taken into account, i.e. also those 
pumped storage power plants that do not have a natural inflow.  

 84 Cf. BMWi (2020a). 

 85 Cf. BNetzA (2020a). 

86  Cf. CDU, CSU and SPD (2018). 

87 Cf. BMU (2019). 
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2021 onwards, an average annual gross expansion88 of 3.5 GW is assumed for 

onshore wind energy. 

TABLE 2-2: DEVELOPMENT OF THE INSTALLED CAPACITY OF RENEWABLE ENERGIES 
IN GERMANY (END OF YEAR)  

 

Installed capacity [GW] 2019* 2021 2023 2025 2030 

Wind Onshore 53.3 54.1 54.4 57.1 69.0 

Wind Offshore 7.5 8.3 9.5 10.8 20.0 

PV 49.0 58.2 67.1 76.0 98.0 

Biomass 9.3 9.1 8.7 8.5 9.5 

 - of which share of biog. Waste 1.0 1.0 1.0 1.0 1.0 

Water 5.6 5.6 5.6 5.6 5.6 

Other RE 0.6 0.6 0.6 0.6 0.6 

Sum 125.2 135.9 145.9 158.5 202.6 
 

Source:  Own representation. Statistical value according to BMWi (2020a). 

 

The installed capacity of offshore wind energy is also assumed to increase signif-

icantly, reaching 20 GW in 2030. It is assumed that, in addition to the 15 GW 

expansion of offshore wind energy envisaged in the EEG 2017, a further 5 GW 

will be added by 2030. 

In addition to wind energy, a significant expansion is also assumed for photovol-

taics during the period under consideration. By 2030, an expansion of around 50 

GW is assumed compared to 2019. Analogously to onshore wind energy, the ad-

ditional tenders envisaged in the coalition agreement are also assumed for photo-

voltaics. From 2021, a gross annual expansion of 4.5 GW is assumed.  

 

88 The gross addition is defined as the addition of all plants, regardless of whether a plant is erected at a new 
location or replaces an older existing plant. In contrast, net additions also take into account decommissioning. 
The net addition thus reflects the change in installed capacity.  
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The installed capacity of bioenergy plants in 2019 was approx. 9.3 GW (incl. bio-

gas share of waste in the amount of 1 GW). In 2023 and 2025, there will be a 

greater number decommissionings due to the increased expiry of EEG subsidies 

for old existing plants with an operating time of more than 20 years. At the same 

time, we take into account an increasing flexibilisation of biomass electricity gen-

eration in newly built plants. This is implemented by assuming a so-called "capac-

ity over-development" in the amount of an additional 50 % of the originally as-

sumed new construction. We assume this over-development from 2024 onwards. 

If all effects are aggregated, this results in an installed capacity of 8.5 GW of bio-

energy plants in 2025 (incl. share of biowaste). By 2030, the installed capacity of 

bioenergy increases slightly again and then amounts to approx. 9.5 GW. 

The installed capacity of hydropower89 remains largely constant over the entire 

period under consideration at 5.6 GW. It is assumed that no additional plants will 

be built on a relevant scale in Germany due to high licensing hurdles, a lack of 

economic efficiency, acceptance problems and limited potential. At the same time, 

we assume that plants in need of refurbishment will be upgraded. 

Other renewable energies include landfill and sewage gas as well as geothermal 

plants and biogenic waste. While increased closures are expected for landfill gas 

plants due to the increasing outgassing of landfills, a moderate increase is assumed 

for sewage gas and geothermal energy. Overall, the total installed capacity of 

other RE in Germany will remain constant until 2030.  

2.3.2 Development of RE generation in Germany  

We use simulation models to determine the hourly infeed and the resulting annual 

electricity generation quantities of the supply-dependent RE onshore and off-

shore wind energy and PV. These models are used to derive generation hydro-

graphs for the corresponding RE technologies, taking into account the assumed 

development of installed capacities in future years.90 This is done on the basis of 

 

89 The values given here for hydropower include run-of-river and storage hydropower plants with natural in-
flow. 

90 In principle, forecasts up to the year 2050 can be carried out within the framework of the simulation model. 
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temporally and regionally high-resolution data on meteorological conditions (in-

cluding wind speeds, temperatures, global radiation) of past years and a detailed 

mapping of the technical parameters and the regional distribution of wind energy 

and PV plants. In contrast to wind energy and PV, the generation hydrographs and 

electricity generation quantities for run-of-river plants are based on historical, ag-

gregated feed-in hydrographs.91 The historical weather years 2009 to 2013 and 

2017 were used as the data basis. 

Table 2-3 development of electricity generation based on RE in Germany. Accord-

ing to this, RE generation increases from around 243 TWh in 2019 by around 53 

% to 372 TWh in 2030.  

For onshore wind energy, electricity generation increases more strongly com-

pared to installed capacity. This is, in particular, due to the assumption of techno-

logical progress. For example, an increasing hub height and thus a higher energy 

yield per unit of installed capacity is assumed for wind turbines erected in the 

future. For offshore wind energy and photovoltaics, capacity utilisation remains 

largely constant over the years under consideration. 

 

91 For a detailed description of the calculation of generation hydrographs of the supply-dependent technolo-
gies, see r2b / Consentec (2019) Appendix D. 



 

 

r2b energy consulting GmbH / Consentec GmbH / Fraunhofer ISI / TEP Energy GmbH   48 
 

The utilisation rate of bioenergy decreases due to the assumption that newly 

added bioenergy plants have a lower utilisation rate than existing plants due to 

the assumed "capacity over-development". This is to be expected mostly due to 

the current subsidies under the Renewable Energy Sources Act (EEG), as these 

encourage increased flexibility in the case of new constructions or plant expan-

sions, which is to be achieved by decreasing capacity utilisation. For (small) bioen-

ergy plants, the generation structure is based on historical values. However, these 

plants can feed in at nominal capacity during individual price peaks on the elec-

tricity market. 

Electricity generation from hydropower92 remains constant over time, as we do 

not expect an increase in installed capacity. The reason for the lower electricity 

 

92 The values given here for hydropower include run-of-river, reservoir and pumped storage power plants with 
natural inflow. 

TABLE 2-3: DEVELOPMENT OF ELECTRICITY GENERATION FROM 
RENEWABLE ENERGIES IN GERMANY  

 

Expected electricitiy generation 

[TWh] 
2019* 2021 2023 2025 2030 

Wind Onshore 101.1 95.4 97.23 105.3 134.6 

Wind Offshore 24.7 32.4 37.5 42.9 77.9 

PV 46.4 52.8 61.2 69.6 90.5 

Biomass 48.2 50.1 48.43 46.9 45.1 

- of which solid/ liquid/ gaseous 

Biomass 42.4 44.1 42.4 40.9 39.1 

- of which share of biog. Waste 5.8 6.0 6.0 6.0 6.0 

Wasser 20.5 22.3 22.3 22.3 22.3 

Other RE 2.0 2.5 2.5 2.5 2.5 

Estimated RE curtailment 0.0 0.0 0.0 0.0 -0.7 

Sum 242.9 255.5 269.2 289.6 372.3 
 

Source:  Values 2023-2030 based on own calculations for weather years 2009-2013 and 2017. * 

Statistical value according to BMWi (2020a). 
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generation in Table 2-3 in 2019 is that this is a historically measured value, 

whereas for the forecast years the average electricity generation is shown over 

the six water condition years considered, 2009 to 2013 and 2017. 

Electricity generation from other renewable energies increases moderately during 

the period under review. 

2.3.3 Development of storage and pumped storage power plants 

in Germany and their balancing DE / AT  

In 2020, around 6.7 GW of storage and pumped storage power plants were in-

stalled on the territory of the Federal Republic of Germany. 93 In the context of 

these analyses, we assume that this value will remain constant until 2030. For the 

modeling in this project report and in deviation from the first project report, we 

have recently taken into account a regional distinction on the basis of European 

market areas and not an accounting on the basis of national borders. This means 

that in this report we allocate 3.3 GW of storage and pumped storage power 

plants from Austria, which feed into to the German market area grid. Accordingly, 

we show 3.3 GW less storage and pumped storage capacity in Austria compared 

to the first project report.  

2.3.4 Development of renewable energies in Europe  

The forecast development of renewable energies in the other European countries 

considered outside Germany (neighbouring countries bordering Germany as well 

as the Scandinavian countries, Great Britain and Italy)94 is based on the ENTSO-E 

"National Trends" scenario for the TYNDP 2020 for the supply-dependent RE 

technologies photovoltaics, onshore wind energy and offshore wind energy. 95 

The starting point for the installed capacity for hydropower is the extensive data-

base on hydropower in Europe by r2b energy consulting GmbH. The data on hy-

 

93  Cf. BNetzA (2020b). 

94  Since the development of renewable energies in Germany has already been explained in the previous sec-
tions, this section presents all other countries considered without Germany.  

95 Cf. ENTSO-E (2020a).  
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dropower includes run-of-river power plants as well as storage and pumped stor-

age power plants with and without natural inflow. The addition of storage and 

pumped storage power plants is based on ENTSO-E's96 TYNDP 2020 Project List 

and our own research. 

The development of the installed capacity of bioenergy and other renewable en-

ergies is also based on ENTSO-E's "TYNDP 2020 National Trends" and supplemen-

tary research of our own.97 

Figure 2-11 shows the development of the installed capacity of renewable ener-

gies98 and pumped storage aggregated across the countries considered outside 

Germany. According to this, the installed capacity of renewable energies including 

pumped storage power plants increases from around 348 GW in 2021 to 558 GW 

in 2030. In absolute terms, the installed capacities of photovoltaics and onshore 

wind energy in particular will increase. In addition, however, the energy sources 

offshore wind and bioenergy can also record significant increases. 

 

96  Cf. ENTSO-E (2020b). 

97  Cf. European Commission (2016d). 

98  In addition to renewable energies, Figure 2-11 also includes the installed capacity for pumped storage power 
plants without natural inflow. 
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FIGURE 2-11: DEVELOPMENT OF AGGREGATED INSTALLED CAPACITY OF RENEWABLE 
ENERGIES IN THE COUNTRIES CONSIDERED EXCLUDING GERMANY  

 

Source:  Own presentation based on ENTSO-E (2020a) and own calculations. 

Figure 2-12 shows the development of RE electricity generation volumes aggre-

gated across the countries considered, excluding Germany, on the basis of in-

stalled capacity. For the technologies onshore wind energy, offshore wind energy 

and photovoltaics, own calculations based on the detailed RE model of r2b energy 

consulting GmbH (taking into account high-resolution weather data as well as de-

tailed technical parameters and regional distribution), were carried out to deter-

mine the electricity generation volumes in analogy to the methodology in Ger-

many.99 For hydropower, the data includes electricity generation from natural in-

flow of run-of-river, storage and pumped storage power plants. This is based on 

the average historical generation volumes of the run-of-river power plants as well 

 

99 For a detailed description of the calculation of generation hydrographs of the supply-dependent technolo-
gies, see r2b / Consentec (2019), Appendix D. 
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as on the generation based on natural inflows of the storage and pumped storage 

power plants for the years 2009 to 2013 and 2017. 

FIGURE 2-12: DEVELOPMENT OF AGGREGATED ELECTRICITY GENERATION FROM 
RENEWABLE ENERGIES IN THE COUNTRIES CONSIDERED EXCLUDING 
GERMANY  

 

Source:  Own calculations. 

Accordingly, the electricity generation volumes in the countries considered ex-

cluding Germany increase from around 876 TWh in 2021 to 1,329 TWh in 2030. 

The growth is in line with the installed capacity, in particular due to the expansion 

of onshore wind energy, offshore wind energy, photovoltaics and bioenergy. 

2.4 Development of flexibility options  

In the electricity market model, different flexibility options are taken into account 

in addition to the different generation plants (conventional, CHP, renewable), as 
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described in the first project report.100 In addition to the depiction of partially flex-

ible "new consumers" (cf. Section 2.5.4), this includes, on the generation side, us-

able potentials of emergency power systems, which are kept in many consump-

tion facilities to protect particularly vulnerable consumers against local grid fail-

ures (cf. Section 2.4.1). As a flexibility option on the consumption side, we also 

take into account voluntary load reduction potential in industry (cf. Section 2.4.2.). 

2.4.1 Emergency power systems  

Emergency power systems (EPS), which are used to provide emergency power in 

case of (local) supply interruptions, usually consist of a diesel or natural gas pow-

ered engine and a generator. In the event of a (local) supply interruption, e.g. due 

to the failure of a grid resource, essential infrastructure facilities or processes for 

which a power failure would cause significant material or immaterial damage are 

securely supplied with the help of such EPS until the supply from the power grid 

is restored. Analogous to the explanations in the first project report, we have as-

sumed that the economically feasible installed capacity in EPS in Germany is in 

the order of 4.5 GW. 

The following figure provides an overview of the assumptions regarding the eco-

nomically viable potentials in the foreign countries considered, which were again 

applied analogously to the explanations in the first project report. In total for all 

countries considered (excluding Germany), the developable capacity of EPS 

amounts to 17.7 GW. 

 

100  Cf. r2b / Consentec (2019) Section 4.4. 
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 Sources:  Own research and assumptions 

For emergency power systems, we have assumed the following variable and fixed 

operating costs as well as development costs in a conservative approach similar 

to the first project report: 

• Variable operating costs: The starting point is the price of light heating oil 

(HEL) with an assumed EPS efficiency of 30 % and a 50 % surcharge for 

start-up and shut-down costs. 

• Fixed annual operating costs: € 5,000 p.a. per MW 101 

• Development costs: € 20,000 per MW 102 

 

101  This assumption does not correspond to our best-guess, which we developed on the basis of information 
from discussions with marketers of emergency power systems. In the reference scenario of the first project 
report (cf. r2b / Consentec 2019), we applied higher and thus more conservative fixed annual operating costs 
in agreement with the BMWi. In our best-guess cost assumptions, whose influence on the results of the en-
dogenous scenario and the RA analyses we examined in a sensitivity analysis in the first project report, the 
fixed annual operating costs amount to €3,000 per MW. See also r2b / Consentec (2019) Section 4.1. 

102  Assumption based on information from discussions with marketers of emergency power systems. These are, 
for example, costs for the grid connection and / or for upgrades to ensure permissible parallel grid operation. 

FIGURE 2-13: ECONOMICALLY EXPLOITABLE EMERGENCY POWER SYSTEM POTENTIAL IN 
2021 IN THE FOREIGN COUNTRIES CONSIDERED  
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2.4.2 Voluntary load reduction in the industry  

The strongly increasing shares of electricity generation from supply-dependent 

renewable energies not only put the supply side, i.e. the conventional power plant 

park, under pressure to adapt, but also stimulate the flexibilisation of demand. For 

the efficient integration of renewable energies into the market and from a busi-

ness management point of view of the companies, an increasing flexibilisation of 

demand based on market mechanisms is a sensible option to increase competi-

tiveness. In addition, potential price peaks can be reacted to or their cost risks can 

be hedged. 

We consider the potential for voluntary load reduction by industry in the same 

way as in the first project report.103 In the second project report, we also assume 

that the technically available potentials can be fully exploited economically by 

2030. As a development path for the share of economically exploitable potentials 

in the technically available potentials, we assume around 57 % in 2021, 75 % in 

2023, 84 % in 2025 and 90 % from 2030.104 

Within the framework of this project, we have adjusted both the technically avail-

able and the economically feasible potentials of the individual economic sectors 

for the key years considered to the respective forecast annual consumption of the 

industries105 over time. This means that the load reduction potentials rise or fall 

on an annual basis with the total demand of an industry. As a result, we assume 

total potentials in Figure 2-14 that the electricity market model can economically 

develop within the framework of the simulation calculations. 

 

103  Cf. r2b / Consentec (2019) Section 4.4.2. 

104 These are the maximum shares of the technically available potentials that can be exploited in the electricity 
market model within the framework of the simulation calculations for economic reasons. 

105  For the derivation of electricity demand, see Section 2.5 
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FIGURE 2-14: ECONOMICALLY EXPLOITABLE LOAD REDUCTION POTENTIAL OF 
INDUSTRY IN GERMANY FOR 2021, 2023, 2025 AND 2030 

 

Sources:  Own representation. 

The preliminary results of the monitoring of the contribution of load management 

to resource adequacy in the electricity sector carried out by the BNetzA in coop-

eration with the BMWi also support these assumptions on load reduction by in-

dustry. As part of this monitoring pursuant to Section 51a of the Energy Industry 

Act, all companies with a total electricity consumption of at least 50 gigawatt-

hours (GWh) across all of their consumption points in the past calendar years are 

surveyed at least once a year about their load management potential and possible 

obstacles. We have the results of the survey rounds from 2017, 2018 and 2019.106 

The preliminary results for the years 2017 and 2018 of the evaluation with regard 

to a load reduction for one hour show that extensive potentials for voluntary, 

market-based load reduction by industry have been tapped but are still unused. 

The ‘tapped but untapped’ potentials of flexible business locations107 amount to 

 

106 A detailed account of the methodology and final results of the analysis of the 2017, 2018 and 2019 survey 
rounds is expected to be published in the first half of 2021. 

107 These potentials are still untapped, as the current wholesale prices on the electricity market do not encour-
age their use. 
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approximately 2 GW, depending on the survey year considered.108 In addition, we 

have estimated those potentials that have not yet been tapped. According to our 

estimate, the untapped potential of inflexible company locations109 amounts to 

approx. 4.7 to 4.9 GW, depending on the survey year considered. By determining 

the coverage rates of the surveyed company locations, we have extrapolated the 

determined potentials approximately to the entire sector.110 The extrapolation to 

the entire sector increases the tapped but still untapped potential of flexibilised 

business locations from about 2 GW (certain tapped potential) to about 3.4 to 3.6 

GW (probable tapped potential). In addition, the estimate of the untapped poten-

tial of still inflexible business locations increases from about 4.7 to 4.9 GW to 14.6 

to 16 GW when extrapolating. 

In agreement with the BMWi, we have also assumed more conservative cost as-

sumptions in this project report compared to our "best guess" assumptions in the 

area of flexibility options (voluntary load reduction by industry and emergency 

power systems) and have set annual fixed costs of €8,000 per MWa for voluntary 

load reduction.111 

The assumptions used in our quantitative analyses for this second project report 

regarding economically feasible load reduction potential in the European coun-

tries considered for the years 2021 and 2030 are identical to those of the first 

project report and can be seen in Figure 2-15.112 In total, across all countries con-

sidered (excluding Germany), the developable capacity of voluntary load reduc-

tion amounts to 31 GW in 2021 and 54 GW in 2030. 

 

108 In the first project report on RA monitoring, we estimated slightly different potentials of approx. 2.5 GW. 
The differences are due to a methodological refinement. Cf. r2b / Consentec (2019). 

109 Inflexible business locations are those locations for which it was stated that they are currently not load-
flexible in relation to the wholesale electricity price. 

110 Here we have made the assumption of structurally identical load management potentials at the company 
(locations) not included in the data survey. 

111 These consist of annualised one-off development costs of around € 10,000 / MW with a three-year depre-

ciation period and an interest rate of 7.5 %, as well as annual fundamental provision costs and additional 
profit expectations totalling € 4,000 / MWa. 

112  Cf. r2b / consentec (2019). 
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FIGURE 2-15: ECONOMICALLY EXPLOITABLE LOAD REDUCTION POTENTIALS IN 2021 
AND 2030 IN THE COUNTRIES CONSIDERED (EXCLUDING GERMANY)   

 

Sources: Own research and assumptions. 

2.5 Development of electricity demand  

In addition to depicting the generation-side supply options and load-side flexibility 

options as realistically as possible, it is important for the analysis to estimate the 

development of electricity demand as realistically as possible. Based on a forecast 

of the development of annual electricity consumption differentiated by applica-

tion areas (cf. Section 2.5.1) and the development of the transformation sector (cf. 

Section 2.5.2), we derive the development of hourly electricity demand (cf. Sec-

tion 2.5.3). The conversion sector also includes the large-scale sector coupling 

technologies in the area of power-to-X, i.e. power-to-gas (PtG) as well as power-to-

heat (PtH). Subsequently, in Section 2.5.4assumptions we have made for the de-

velopment of electricity demand from so-called new consumers (load-side flexibil-

ity). New consumers in the context of this study are central sector coupling tech-

nologies to the areas of heat and transport, whose electricity demand is partially 

flexible under certain conditions. This includes electric heat pumps, electric mo-

bility and OH trucks. 
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2.5.1 Development of final electricity consumption  

Methodological approach 

The bottom-up model FORECAST is used for the analysis of future sectoral elec-

tricity demand. FORECAST is a techno-economic simulation model that explora-

tively describes the annual energy and electricity demand in Germany and neigh-

bouring European countries at a high level of technological granularity (Fraunho-

fer ISI, 2018). The model is modular and structured according to the sectors 

households, tertiary sector, industry and transport in order to reflect the hetero-

geneity of the individual sectors accordingly; for example, while the industry sec-

tor focuses on processes, the household sector focuses on individual applications. 

The main electricity-based sector coupling options in this study are heat pumps, 

electromobility in passenger transport and OH trucks. 

With regard to the methodological design, FORECAST is characterised by an ex-

tensive consideration of structural and technological change. Structural change is 

modelled using exogenous framework parameters (e.g. sectoral gross value 

added), while technological change is described using both epidemic and discrete 

choice approaches. Despite a focus on electricity-based applications, non-elec-

tricity-based energy sources are also modelled to take into account the competi-

tion between alternative technological options. This is particularly important for 

process and space heating. A detailed description of the modelling approach can 

be found in Appendix C of the first project report. 

Frame parameters 

The input data for the techno-economic demand model can be divided into cross-

sectoral and sector-specific drivers. Cross-sectoral input data are population de-

velopment and economic development (gross domestic product and sectoral gross 

value added). Figure 2-16 shows the development of the population and the gross 

domestic product, which are taken from the EU Reference Scenario 2016 (EU 

2017). Here, an annual economic growth of 1.8 % on average and a decline of the 

population to a level below 75 million in 2050 is assumed. Further cross-sectoral 

input data are energy carrier prices and CO2 prices, which are discussed in Section 

2.6.2. 
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FIGURE 2-16: CROSS-SECTORAL DRIVERS OF ENERGY DEMAND (POPULATION AND GDP 
IN GERMANY) FOR THE PERIOD 2005 TO 2050 (EU 2017).  

  

Sources: EU (2017) 

The cross-sectoral data is subsequently broken down to the four demand sectors 

(households, tertiary sector, industry and transport), supplemented by assump-

tions on technological development. 

In the industrial sector, the central framework data is the production volume in 

tonnes per product, which is derived from the sectoral value added. In principle, 

moderate economic growth is assumed, with energy-intensive industries growing 

less strongly. Further sector-specific input data for the modelling of the industrial 

sector are the employees per subsector. The energy policy assumptions of the 

industrial sector include the further development of existing instruments for en-

ergy efficiency measures, no carbon capture and storage (CCS) and the exploita-

tion of material efficiency potentials.  

For the household sector, the development of households, the number of build-

ings and the heated building areas are the relevant influencing variables. The num-

ber of households or buildings is derived from the level of the population and a 

trend towards fewer persons per household. Furthermore, an increase in the 

equipment rates of ICT applications is assumed. For household appliances, the 

minimum efficiency standards will be further tightened and new efficiency classes 

will be introduced. The main influence on heat demand in buildings is due to ren-

ovation measures. For this, an increase in the renovation rate to 1.8 % is specified, 

while the depth of renovation is determined model-dependent. A tightening of 
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the guidelines (e.g. EEWärmeG) and further promotion of renovation measures 

(e.g. KfW programme) are assumed.  

In the tertiary sector, economic development is described by gross value added 

and the number of employees in the individual subsectors In line with actual de-

velopments, the projection also assumes stronger economic growth than for the 

manufacturing sector. The main technological trend in the tertiary sector is the 

increasing mechanisation as well as the increase in ICT-based electricity applica-

tions (e.g. servers). The heat demand is determined in a similar way to the house-

hold sector using a predefined renovation rate and an endogenously determined 

renovation depth. 

The development of electricity demand in the transport sector is mainly driven by 

the proliferation of electric drives in passenger and freight transport. It is assumed 

that the market shares of battery electric vehicles (BEV) and plug-in hybrids 

(PHEV) will increase significantly. In freight transport, overhead lines are being 

built on the busiest stretches of motorways in Europe, leading to the proliferation 

of hybrid overhead line (OH) trucks in freight transport. The utilisation of freight 

and passenger rail transport will increase moderately, corresponding to the fur-

ther electrification of new lines. 

Results 

The starting point for the explorative analysis is the historical development of 

electricity demand, which is used as the basis for calibration: For Germany, the 

statistics of the AG Energiebilanzen (AGEB 2019) and for the neighbouring coun-

tries from Eurostat (Eurostat 2019a) are used. The system boundary is always the 

demand in the household, tertiary, industry and transport sectors.  

In the following, the cross-sectoral results of the national electricity demand until 

2030 are discussed, supplemented by an outlook until 2050. This is followed by 

an analysis of the main developments in the sectors industry, households, tertiary 

sector and transport. 

Electricity demand across sectors 

The development of annual electricity demand until 2050 is shown in Figure 2-17. 

Until 2030, there is a decrease in electricity demand (- 3 % compared to 2015 / 
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499 TWh in 2030), which is mainly due to the increase in efficiency of traditional 

consumers (e.g. efficiency gains in industrial cross-section technologies). From 

2030 onwards, there is an increase in electricity demand driven by the penetration 

of new technologies, especially in the transport sector and heat pumps (+ 12 % 

compared to 2015 / 578 TWh in 2050). This change in trend from 2030 onwards 

leads to a characteristic curve of the aggregated electricity demand, which makes 

it clear that a simplified extrapolation for the years 2030 to 2050 is not appropri-

ate. 

FIGURE 2-17: SECTORAL ELECTRICITY DEMAND FOR THE PERIOD 2015 TO 2050(OWN 
CALCULATIONS).  

 

Sources: Own calculations. 

In Table 2-4 the results are broken down sectorally by classic applications and 

new applications for the reference period until 2030. Heat pumps play only a very 

minor role in industry until 2030, in contrast to residential and non-residential 

buildings. In transport, demand increases by 2030 due to the rising stock of elec-

tric cars and OH trucks. 
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TABLE 2-4:  SECTORAL ELECTRICITY DEMAND IN 2020 AND 2030, AND BREAKDOWN 
BY TRADITIONAL AND NEW APPLICATIONS (HEAT PUMP AND 
ELECTROMOBILITY).  

 2020 2030 

TWh Total 

Classic 

applica-

tions 

New 

applica-

tions 

Total 

Classic 

applica-

tions 

New 

applica-

tions 

Households 123.2 110.8 12.4 114.6 98.4 16.3 

GHD 152.6 148.4 4.3 156.1 149.7 6.4 

Industry 219.6 219.6 0 199.5 199.5 0 

Traffic 12.2 11.5 0.8 28.5 11.4 17.1 

Total 507.6 490.2 17.4 498.8 458.9 39.8 

 

 

Electricity demand industry 

Electricity demand decreases continuously until 2030 (Figure 2-18). The main de-

cline in electricity demand is due to the efficiency progress in motor-based cross-

sectional technologies (e.g. pumps, compressed air). Substitution effects in pro-

cess technologies towards electricity-based applications (e.g. electric steel), on the 

other hand, only lead to an increase in electricity demand to a limited extent. The 

use of heat pumps plays only a negligible role in the generation of space and pro-

cess heat in the industrial sector. Overall, the electricity demand of energy-inten-

sive industries (e.g. steel, cement and paper production) decreases more than the 

electricity demand of non-energy-intensive industries (e.g. mechanical engineer-

ing and vehicle construction). 
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FIGURE 2-18: ELECTRICITY DEMAND INDUSTRY BY SUBSECTOR FOR THE PERIOD 2015 
TO 2030 (OWN CALCULATION).  

  

Sources: Own calculations. 

 

Electricity demand households 

Electricity demand in the household sector is continuously decreasing until 2030. 

The largest change of electricity demand is due to large appliances and lighting 

(Figure 2-19). Due to the already implemented and planned guidelines on mini-

mum efficiency standards, their specific electricity consumption is decreasing. 

Since appliances, especially white goods, are already close to market saturation, 

this directly decreases the absolute electricity demand. Applications such as elec-

tronic appliances and ICT applications lead to an increase in sectoral electricity 

demand due to an increase in equipment rates. In the electricity-based generation 

of hot water and space heating, electricity demand is almost constant until 2030, 

as old night storage heaters and inefficient boilers are phased out and heat pumps, 

on the other hand, achieve higher market shares. 
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FIGURE 2-19: ELECTRICITY DEMAND HOUSEHOLDS BY APPLICATION FOR THE PERIOD 
2015 TO 2030 (OWN CALCULATION) .  

  

Sources: Own calculations. 

 

Electricity demand GHD (trade, commerce and services) 

In the tertiary sector, there is an increasing trend in electricity demand until 2025, 

with a slight decline thereafter (Figure 2-20). The increase in electricity demand is 

due to a growing trend towards mechanisation and an increasing equipment of 

non-residential buildings with ventilation or air conditioning. In contrast, effi-

ciency gains in lighting in particular lead to an opposite trend in electricity demand. 

The share of electricity-based space heating and hot water supply by heat pumps 

amounts to 6.5 TWh in 2030. 
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FIGURE 2-20:  ELECTRICITY DEMAND GHD BY SECTOR FOR THE PERIOD 2015 TO 2030 
(OWN CALCULATION).  

  

Sources: Own calculations. 

 

Electricity demand Transport 

Electricity demand in transport is made up of passenger and freight transport by 

road and rail. In the case of rail transport, the increase in electrified transport per-

formance is compensated by efficiency gains, so that electricity demand remains 

almost constant at 11 TWh. The market ramp-up of electromobility for vehicles 

smaller than 3.5 t leads to an additional electricity demand of about 11 TWh in 

2030. This corresponds to a total of 4.5 million electric cars, with almost equal 

market shares of battery electric (BEV) and plug-in hybrid (PHEV) vehicles (Figure 

2-21). In freight transport, overhead line (OH) trucks lead to an increase in elec-

tricity demand of 6 TWh. 
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FIGURE 2-21: ELECTRICITY DEMAND FOR TRANSPORT FOR THE PERIOD 2015 TO 2030 
(OWN CALCULATIONS).  

  

Sources: Own calculations. 

 

Electricity demand Neighbouring countries 

In addition to the national analysis, the energy system analysis also requires an 

analysis of all EU countries that exchange electricity with Germany. The analysis 

of all neighbouring countries (as well as Italy, Great Britain, Scandinavia and the 

Iberian Peninsula) is carried out with the same technological granularity as the 

analysis of Germany (see Appendix C of the first report). In analogy to the analysis 

of Germany, the main European policies were taken into account in the modelling 

for all countries considered. The following countries were considered: 

• Austria, Belgium, Czech Republic, Denmark, Finland, France, Italy, Luxem-

bourg, Netherlands, Norway, Poland, Portugal, Spain, Sweden, Switzerland 

and United Kingdom. 

The main socio-economic drivers of electricity demand are the development of 

the gross domestic product and the population development. Table 2-5   



 

 

r2b energy consulting GmbH / Consentec GmbH / Fraunhofer ISI / TEP Energy GmbH   68 
 

TABLE 2-4:  SECTORAL ELECTRICITY DEMAND IN 2020 AND 2030, AND BREAKDOWN 
BY TRADITIONAL AND NEW APPLICATIONS (HEAT PUMP AND 
ELECTROMOBILITY).  

shows that the largest increase in population by 2030 is expected in Belgium and 

Sweden, while a population decline of about 1 million is assumed for Poland. In 

terms of gross domestic product per capita, an increase of between 32% and 51% 

is assumed for Poland, Spain and Portugal in particular. 
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TABLE 2-5: DEVELOPMENT OF THE DRIVERS POPULATION AND GROSS DOMESTIC PRODUCT 
IN THE EUROPEAN COUNTRIES UNTIL 2030  

 
POPULATION (IN MILLIONS) GROSS DOMESTIC PRODUCT/CAPITA IN 

€2005  
2015 2030 Percentage 

change 
2015 2030 Percentage 

change 

BELGIUM 
                       

11.2    
                            

12.7    14% 
              

30.017    
              

32.847    9% 

DENMARK 
                              

5.7    
                              

6.1    7% 
              

38.173    
              

48.704    28% 

FINLAND 
                              

5.5    
                              

5.9    7% 
              

31.114    
              

34.829    12% 

FRANCE 
                            

66.5    
                            

70.7    6% 
              

29.019    
              

33.860    17% 

ITALY 
                            

62,3    
                            

65.5    5% 
              

22.037    
              

25.224    14% 

LUXEMBOURG 
                              

0.6    
                              

0.8    39% 
              

65.629    
              

71.482    9% 

NETHERLANDS 
                            

16.9    
                            

17.6    4% 
              

33.169    
              

37.972    14% 

NORWAY 
                              

5.1    
                              

5.8    13% 
              

54.335    
              

65.677    21% 

AUSTRIA 
                              

8.6    
                              

9.3    8% 
              

32.778    
              

38.276    17% 

POLAND 
                            

38.5    
                            

37.5    -3% 
                

9.275    
              

13.960    51% 

PORTUGAL 
                            

10.5    
                              

9.9    -6% 
              

14.343    
              

18.981    32% 

SPAIN 
                            

47.2    
                            

45.4    -4% 
              

20.147    
              

27.750    38% 

SWEDEN 
                              

9.8    
                            

11.1    13% 
              

38.423    
              

46.443    21% 

SWITZERLAND 
                              

8.1    
                              

8.8    8% 
              

43.386    
              

50.664    17% 
CZECH RE-
PUBLIC 

                            
10.6    

                            
10.8    2% 

              
11.445    

              
14.654    28% 

UNITED KING-
DOM 

                            
65.1    

                            
71.0    9% 

              
33.334    

              
37.523    13% 

 

 

The aggregated results of the analysis are shown in Figure 2-22. This shows that, 

analogous to Germany, there will be an increase in electricity demand by 2050, 

mainly driven by electromobility and other electricity-based sector coupling tech-

nologies. The sectoral shifts as well as savings from the exploitation of energy 

efficiency potentials and technology proliferation vary from country to country 

depending on the technological composition. In Northern European countries, 
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electricity-based heating has a high market share, so increasing penetration of 

heat pumps leads to a decrease in electricity consumption for space heating. 

These countries also have on average the highest population growth, which also 

has a reinforcing effect on demand. In the Eastern European countries, the pro-

gress in efficiency and the lower population growth can largely compensate for 

the above-average increase in equipment rates and electrification. The Central 

European countries are characterised by moderate economic growth, advancing 

efficiency and a moderate increase in population, which leads to a moderate in-

crease in electricity demand in relation to the other European regions. 

FIGURE 2-22: DEVELOPMENT OF SECTORAL ELECTRICITY DEMAND IN THE 
NEIGHBOURING STATES BETWEEN 2015 AND 2050  

 

 

Sources: Own calculations. 
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2.5.2 Development of the transformation sector  

While the development of final electricity demand was described in the previous 

paragraph, the development of electricity consumption in the transformation sec-

tor is described below. The consumption of the transformation sector, in that en-

ergy is consumed to produce another form of energy, is accounted for in the fol-

lowing transformation industries:  

• Opencast lignite mines 

• Large-scale electric heat generation (PtH) in the form of electrode boilers 

and large-scale heat pumps 

• Power-to-gas (power-to-hydrogen and power-to-methane) 

• Large battery storage 

• Grid losses in the transport of electrical energy (distribution and transmis-

sion grid) 

• Refineries and other conversion areas 

The development of electricity consumption in these industries of the transfor-

mation sector are described individually below. Finally, the development of total 

electricity consumption is presented, taking the transformation sector into ac-

count.  

Development of opencast lignite mines 

Opencast lignite mines have a relatively high electricity consumption. In addition 

to the electricity needed for excavating and transporting the coal to the power 

plants, extensive pumping systems are usually required to drain the groundwater, 

which continuously consume electricity. With the phase-out of coal by 2038, as 

recommended in the KWSB final report, the electricity consumption of opencast 

mines will decline accordingly and eventually cease. Since opencast mines usually 

still have to be renaturalized at relatively high cost after the coal has been mined 

for combustion, and since pumping and excavator movements are still necessary 

for this purpose, we have assumed a time lag of five years between the end of 

coal mining and the actual end of electricity consumption in an opencast mine. 

We have determined the share of electricity consumption of the opencast mines 
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in the electricity generation of the lignite-fired power plants on the basis of the 

Agora study "The German Lignite Industry" and extrapolated it for the future.113 

The resulting development of electricity consumption by opencast mines in Ger-

many is shown in Figure 2-23. 

FIGURE 2-23: DEVELOPMENT OF ELECTRICITY CONSUMPTION OF OPENCAST MINES IN 
GERMANY  

 

Source:  Own representation. 

Development of large-scale electrical heat generation 

Electricity is also increasingly being used on a large scale to provide heat. Here, 

we differentiate between direct heat generation using electric boilers (E-heaters) 

and indirect heat generation using environmental heat by means of large heat 

pumps. In the modelling, we have derived the assumptions for these two technol-

ogies on the basis of scenario B of the approved scenario framework of the NDP 

2021-35, initially for Germany.114 

The electricity consumption of the electric heaters is determined by the model. 

Here, electricity-led operation is assumed, in which the opportunity corresponds 

to the heat price that would result from the operation of a natural gas-fired boiler. 

The annual electricity consumption of the large heat pumps, on the other hand, is 

 

113  Cf. Agora (2017) "The German Lignite Industry". 

114 Cf. BNetzA (2020a). 
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completely exogenous to the model for other countries.115 For Germany, on the 

other hand, only an upper limit is implemented – so the model allows less electric-

ity to be consumed. The large heat pumps in Germany are optimised in the model 

against CHP power plants, boilers, electric heaters and heat storage units. The 

installed capacity of electric heaters and large heat pumps is shown in Figure 2-24. 

The capacity of large heat pumps in Germany increases continuously over time 

from 2021 with a few hundred MW (pilot plants and innovation projects) to 2.7 

GW by 2030. The installed capacity of electric heaters in Germany increases mod-

erately from approx. 900 MW in 2021 to approx. 1,600 MW in 2030. 

FIGURE 2-24: DEVELOPMENT OF THE INSTALLED CAPACITY OF PTH (ELECTRIC HEATERS 
AND LARGE HEAT PUMPS) FOR GERMANY AND THE FOREIGN COUNTRIES 
CONSIDERED.  

 

Source:  Own representation. 

We derived the corresponding assumptions for the installed capacity of both tech-

nologies and the electricity consumption of large heat pumps for the foreign coun-

tries considered on the basis of the assumptions for Germany. For this purpose, 

 

115 For the large heat pumps, 2,200 full utilisation hours (implemented as the upper limit for Germany) are as-
sumed. We have based this on the information in the approved NDP scenario framework 2021-35, where 
3,000 FLH are assumed for large heat pumps. Due to the lower RE feed-in in 2030 compared to 2035, we 
have assumed 2,200 VBS on the basis of internal calculations. 
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we used the historical ratio (2017 statistics) of the district heating consumption 

of the respective country to the German district heating consumption. 

Development of power-to-gas (power-to-hydrogen and power-to-methane) 

In the area of the use of electricity for the production of hydrogen and synthetic 

methane for the transport and industry sectors and, if necessary, for reconversion 

into electricity, increased investment activities have been observed in recent 

years. These technologies have also recently gained in importance in the political 

and social discourse on the long-term decarbonisation of the energy supply. On 

10 June 2020, the German government adopted the National Hydrogen Strat-

egy116, in which targets and measures for the development of hydrogen for further 

decarbonisation are anchored. The development of the installed capacity and the 

annual consumption quantities are exogenously specified in the model. The dis-

patch of these technologies is endogenous. For Germany, we take into account 

the data on installed capacity and electricity consumption of PtG differentiated 

by power-to-hydrogen (PtH2) and power-to-methane (PtM) of the National Hydro-

gen Strategy and Scenario B of the approved scenario framework of the NDP 2021 

– 2035.117 Intermediate years were interpolated. 

 

116 Cf. BMWi (2020b) 

117 Cf. BNetzA (2020a) 
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FIGURE 2-25:  DEVELOPMENT OF INSTALLED CAPACITY AND ELECTRICITY 
CONSUMPTION OF PTG FOR GERMANY AND THE FOREIGN COUNTRIES 
CONSIDERED.  

 

Source:  Own representation. 

For the foreign countries considered, we have transferred the assumptions for 

Germany. For PtG (PtM, PtH2), we have transferred the assumption for Germany 

of the historical ratio (2017 statistics) of natural gas consumption in industry and 

the tertiary sector to the foreign countries considered.  

Development of large battery storage 

For some years now, more and more large-scale batteries have been built and 

marketed on the electricity markets. The areas of application range from system 

services, direct participation in the competitive wholesale markets for electricity 

as well as so-called "behind-the-meter" applications, in which the storage systems 

are used to make purchases from the general supply grid more flexible and / or to 

increase self-consumption. 

The development of the installed capacity is exogenous to the model, while the 

use of the plants is determined model-endogenously. Our assumptions for Ger-

many in this area are based on the information on large-scale battery storage (> 

150 kW) in scenario B of the approved scenario framework of the NDP 2021 - 
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2035, which assumes an installed capacity of 3.4 GW in 2035.118 In the course of 

time from 2020 to 2030, the installed capacity increases successively from ap-

prox. 600 MW in 2020 to 2 GW. 119 The development of the installed capacity of 

large-scale battery storage for Germany and the foreign countries considered is 

shown in Figure 2-26. 

FIGURE 2-26:  DEVELOPMENT OF INSTALLED CAPACITY OF LARGE-SCALE BATTERY 
STORAGE FOR GERMANY AND THE FOREIGN COUNTRIES CONSIDERED.  

 

Source:  Own representation. 

For the foreign countries considered, we first determined the current installed ca-

pacity on the basis of a worldwide database.120 For the future development of 

installed capacity, we have set the development of the ratio of the final electricity 

 

118 We have not taken into account the output of private PV storage systems in the household sector and com-
mercial applications, as it cannot be assumed that these will be used in line with the market (i.e. on the basis 
of wholesale prices). 

119 The installed capacity of approx. The installed capacity of approx. 600 MW in 2021 is based on an interpo-
lation of the value for 2020 (446 MW) of the current power plant list of the BNetzA (as of 1.4.2020) to 2 
GW in 2030. 

120  Cf. DOE Global Energy Storage Database, last accessed on 8.7.2020. Only plants larger than 1 MW whose 
status was "in operation" were considered. 
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consumption of the respective country in relation to the development of the Ger-

man final electricity consumption. 

Development of losses in the transmission and distribution grid 

During the transmission and distribution of electricity to the end consumers, 

losses occur in both the distribution and the transmission grid. We specify these 

grid losses exogenously to the model. We have taken the annual quantities of grid 

losses for Germany from scenario B of the approved scenario framework of the 

NDP 2019 - 2030. For the intermediate years and for the countries considered, 

we have scaled these assumptions on the basis of final electricity consumption. 

The resulting grid losses for Germany and the countries considered are shown in 

Figure 2-27. 

FIGURE 2-27: DEVELOPMENT OF GRID LOSSES FOR GERMANY AND THE FOREIGN 
COUNTRIES CONSIDERED.  

 

Source:  Own representation. 

Development of the refineries and other conversion areas 

We have determined the electricity consumption of refineries and other conver-

sion sectors in Germany and abroad on the basis of the statistics (year 2017) and 
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extrapolated it into the future using the forecast of industrial electricity consump-

tion. The resulting development of consumption in refineries and other conver-

sion sectors for Germany and Europe is shown in Figure 2-28. 

FIGURE 2-28: DEVELOPMENT OF CONSUMPTION IN REFINERIES AND OTHER 
CONVERSION SECTORS FOR GERMANY AND THE FOREIGN COUNTRIES 
CONSIDERED.  

 

Source:  Own representation. 

Development of electricity consumption of all areas of the transformation sector 

Finally, Figure 2-29 shows the aggregation of all previously presented electricity 

consumption in the transformation sector as well as the development of final elec-

tricity consumption (cf. Section 2.5.1).  
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FIGURE 2-29: DEVELOPMENT OF FINAL ELECTRICITY CONSUMPTION AND 
CONSUMPTION OF THE TOTAL TRANSFORMATION SECTOR FOR 
GERMANY AND THE FOREIGN COUNTRIES CONSIDERED.  

 

Source:  Own representation. 

This sum almost corresponds to the model electricity demand in our European 

electricity market model for the weather year 2011. The electricity demand of 

temperature-sensitive application purposes varies accordingly in other weather 

years. In addition, the model-derived consumption of pumped storage and PtH 

(only electric heaters) is added. 

2.5.3 Development of hourly demand  

In addition to the development of electricity demand on an annual basis, the 

hourly load curve during the year also plays an important role for the future de-

mands on the European electricity supply system. In this context, not only the 

hourly total load of a country is relevant, but in particular developments in the 

individual sectors and applications must also be differentiated. Above all, con-

sumption structures that are likely to change significantly in the future must be 

considered, as well as those applications that can be made increasingly flexible in 

the future. In addition to the flexibility options described in Section 2.4.2whose 
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potential varies with the hourly load, these primarily include applications with 

storage options, such as electric mobility and heat pumps.121 

In order to be able to take the current consumption patterns of electrical energy 

and their future developments into account in our electricity market modelling, 

we use a model developed specifically for this purpose to generate hourly load 

forecasts.122 In doing so, we follow a bottom-up approach with which we generate 

load structures for individual consumption applications and derive a residual 

structure for other electricity consumption in total. In addition to historical con-

sumption data, a number of fundamental factors influencing electricity consump-

tion are taken into account in the analytical creation of application-specific load 

structures. These contain weather and temperature data as well as times and cal-

endar data. Furthermore, specific assumptions on the future development of in-

dividual applications are used, such as increasing air conditioning of residential 

and commercial premises or the rise of electromobility in various forms. 

Within the framework of the bottom-up approach, hourly load profiles per country, 

weather year and forecast year are generated for a number of selected applica-

tions and economic sectors from the household, tertiary, industry and transport 

sectors as well as for a residual quantity. For the individual applications, load struc-

tures are first developed per “typical day” and weather type (if dependency exists). 

These are typical consumption patterns depending on which day of the week, at 

which time of day (and at which temperature or sun position) the electricity is 

drawn for the respective application.123 Subsequently, the typical day-based load 

profiles are rolled out to the forecast and weather years, taking into account the 

respective daily and weather structure. A schematic representation of the proce-

dure is given in Figure 2-30. 

 

121 For modelling of new consumers,see separate presentations in the following Section 2.5.4 

122 A detailed description of our model for generating hourly load structures can be found in Appendix E in r2b 
/ Consentec (2019). 

123 Typical day-based load structures are load structures that describe the load depending on the combination 
of typical day parameters (influencing factors). Typical day parameters are, for example, the day of the week, 
the time or the temperature. Ultimately, the typical day parameter combination determines the user behav-
iour and thus the power consumption of an application that consumes final energy. 
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FIGURE 2-30: PROCEDURE IN THE MODEL FOR GENERATING HOURLY LOAD 
FORECASTS BASED ON ANALYTICAL CONSUMPTION PROFILES 
(SCHEMATIC REPRESENTATION)  

 

Source:  Own representation. 

The assumptions on annual final energy consumption of the sectors, applications 

and branches of the economy mapped for the base year 2011 as well as their 

developments in the forecast period are given to the model and in the present 

project originate from analyses by Fraunhofer ISI (cf. Section 2.5.1). 

For new consumers, i.e. heat pumps and different forms of electric mobility, the 

demand structures created in the described load structure model are not fixed, 

but form the basis for optimised control within the framework of electricity mar-

ket modelling, as explained below. 

to 2017



 

 

r2b energy consulting GmbH / Consentec GmbH / Fraunhofer ISI / TEP Energy GmbH   82 
 

2.5.4 Modelling the load of new consumers  

Modelling in the electricity market model 

In the context of this study, the central sector coupling technologies electric heat 

pumps, electric mobility in passenger and freight transport with light commercial 

vehicles, and trolley trucks are defined as new consumers. The electricity demand 

of these consumers is partly flexible under certain additional conditions. We have 

therefore taken into account existing load shifting or load reduction potential in 

each case in the analysis. In the following, we explain how we modelled the hourly 

demand structure of electric heat pumps, electric vehicles and overhead line 

trucks in detail. 

To depict electromobility in passenger and freight transport with light commercial 

vehicles, we first carry out separate preliminary analyses in the "Electromobility 

Load Tool" available from r2b energy consulting, in which synthetic charging pro-

files are generated for different user groups: The tool first differentiates between 

public and non-public charging and according to the typical days "Monday", "other 

working day", "Saturday" and "Sunday = public holiday".124 While we base the rep-

resentation of public normal and fast charging on profiles from literature data, we 

draw on the typical driving behaviour of different user groups for the modelling 

of non-public charging based on literature data:125 non-working people, working 

people with different commuting behaviour, different leisure and shopping habits, 

company cars, etc. For each of these user groups, start and arrival times as well as 

daily mileage are stored, each taking into account simultaneity factors. Based on 

this, a simulation of the daily driving behaviour and the idle times for the individual 

user groups is carried out. Based on this information and on assumptions about 

consumption, charging capacity at different parking locations ("at home" or "at 

work") and average battery capacities of the vehicles, load structures are devel-

oped for different user groups, typical days and reference years. A distinction is 

 

124 When simulating the driving and charging behaviour, the driving behaviour of the previous day is taken into 
account for the night-time charging behaviour; therefore, it is necessary to model Monday separately. 

125  Cf. Hacker et al. (2011), Morrissey et al. (2016) and Schröder and Traber (2012). 
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also made between purely battery-electric vehicles and plug-in hybrid vehicles.126 

The resulting structures per user group are weighted based on literature data and 

aggregated to the overall profiles "private non-public charging", "commercial non-

public charging" and "public charging".  

For non-public charging of cars and light commercial vehicles, we have addition-

ally assumed that the vehicles can be charged in three different modes:  

- Uncontrolled charging: After arrival at the parking location, charging con-

tinues at full charging power until the vehicle battery is fully charged again. 

- Reduced charging: It is assumed that the vehicle is charged at reduced 

power for the entire idle time, so that the vehicle battery is fully charged 

again at the end of the idle time.  

- Intelligent charging: Within the idle time, charging is optimised according to 

the wholesale prices on the electricity market. For the modelling, hourly 

structures such as "consumption while driving", "battery filling level" and 

"maximum possible purchase power" are determined, which are used as 

input parameters in the fundamental electricity market model. Charging is 

then optimised according to the wholesale prices on the electricity market 

so that the storage system never "runs out" or "overflows" and the amount 

of electricity charged in an hour is limited to the available charging capac-

ity of the vehicles on the electricity grid. 

The assumed shares of these three charging strategies in the total number of 

charging processes vary over time: While the majority of charging processes are 

uncontrolled in the short term, the shares of reduced and intelligent charging in-

crease in the medium and long term (cf. Table 2-6). This development is based on 

the assumption that with increasing shares of electric vehicles in the stock and 

increasing electricity consumption through electromobility, it can be assumed that 

 

126 Cf. Gnann et al.  (2015) and IEA (2018b). 
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this demand will be increasingly intelligently controlled according to the mecha-

nisms of action of the market and taking into account challenges for the distribu-

tion network. 

TABLE 2-6: ASSUMPTIONS ON THE DEVELOPMENT OF THE SHARES OF THE THREE 
CHARGING STRATEGIES UNTIL 2030.  

 Distribution of charging strategies 

  2021 2023 2025 2030 

Uncontrolled 91% 82% 73% 50% 

Reduced 6% 11% 17% 30% 

Smart 4% 7% 11% 20% 
 

Source:  Own assumptions. 

In the case of both uncontrolled charging and reduced charging, we model a load 

structure within the "Electromobility Load Tool", which is then incorporated into 

the load tool and rolled out to the base years considered in the present analyses. 

The electricity market model is therefore given a structured, non-changeable con-

sumption profile for each of these two charging strategies. In the case of smart 

charging, the time series relevant for optimisation are transferred directly to the 

fundamental electricity market model. 

In our analyses, we assume that trolley trucks or overhead line trucks (OH-trucks) 

will also be used starting with the reference year 2021. In order to map the result-

ing electricity demand within an hourly consumption profile, we first derived a 

structured consumption profile based on literature data on traffic volumes.127 The 

overhead line trucks are hybrid vehicles that use a diesel drive in addition to an 

electric drive and can therefore also drive independently of an overhead line for 

longer periods of time. The OH-trucks can therefore "drive off" the derived struc-

tured consumption profile either using electricity in line operation or - when elec-

tricity prices are high - switch to diesel operation.128 In this case, the flexibility 

 

127 Cf. Hacker et al. (2014).  

128  For the replacement costs of diesel operation, the price development of light heating oil was assumed, taking 
into account taxes and other regulated price components as well as their differences in the various countries 
considered. 
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provided consists of the corresponding load reduction of the trucks running in 

electricity mode. 

We do not model the possibility of electricity being fed back into the public supply 

grid by electric vehicles and OH trucks.  

We also modelled the electricity demand of electric heat pumps, taking into ac-

count a load shift potential. First, we derived assumptions on consumption behav-

iour and coefficients of performance (COPs) depending on the outdoor tempera-

ture and technology mix in the different regions of use. Based on this, we model 

(analogous to the modelling of smart charging for electric vehicles) the possibility 

of a consumption shift of up to four hours. On the one hand, this approximates 

the thermal inertia of cooling and heating a building and, on the other hand, the 

combined use of heat pumps with heat storage units. 

Modelling in the RA assessment 

The flexibility of the new consumers in the sense of the aforementioned definition 

is also reproduced in the model step of the RA assessment. Compared to the first 

report, a model extension was implemented in order to account for the increasing 

relevance of these flexibility options.  

For reasons of manageability, aggregation takes place compared to the electricity 

market model. Thus, flexible consumption of e-mobility and heat pumps are ag-

gregated129 and are to be covered within a maximum shift period130 in the RA val-

uation. Only those electric vehicles and heat pumps are used that actually have a 

price-sensitive consumption in the electricity market simulation. All other electric 

vehicles and heat pumps continue to be considered inflexibly in the residual load 

hydrograph.  

PtG plants (cf. Section 2.5.2) are also taken into account with their flexibility in the 

RA assessment. These are characterised by the fact that their plant operators 

"schedule" consumption when it can be covered at favourable electricity prices on 

 

129 In model terms, these are represented by storage with negative inflow. 

130 This is modelled by limiting the storage level. 
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the market. In this respect, it can be assumed that the amount of energy consumed 

by these plants is flexibly required over the course of the year and that this con-

sumption would be waived in shortage situations. Therefore, this amount of en-

ergy is included in the RA assessment without restrictions on the shift duration.131 

A technical restriction, however, is the maximum installed capacity of these plants, 

which may also not be exceeded in the RA valuation. 

2.6 Technical and economic characteristics of conventional power 

plants  

In order to forecast the development of the electricity supply system as realisti-

cally as possible on the basis of a model, different parameters must be defined in 

the area of conventional power plants. These are economic parameters on the one 

hand and technical parameters on the other. The economic parameters consist of 

investment costs, fixed and other variable operating costs (cf. Section 2.6.1) as 

well as variable operating costs for fuel use and for CO2 certificates (cf. Section 

2.6.2). In addition to the installed capacity, the required technical parameters are 

electrical efficiencies, duration of start-up and shutdown processes, minimum par-

tial load conditions, load gradients as well as planned and unplanned unavailabili-

ties of thermal power plants and pumped storage power plants, as these are not 

operational throughout the year due to overhauls or technical malfuntions. Sec-

tion 2.6.3shows the assumptions on planned and unplanned unavailabilities of 

thermal power plants and pumped storage power plants. In the case of CHP 

plants, fuel utilisation rates, electricity ratios and electricity loss ratios in particular 

are also added. 

2.6.1 Investment and operating costs  

In a dynamic modelling approach, in which investment and disinvestment deci-

sions are made model-endogenously, the investment costs as well as the fixed and 

other variable operating costs are central model parameters in addition to the var-

iable costs for fuel input and emission allowances. 

 

131 In model terms, this is done by means of storage tanks with an initial fill level of zero and a final fill level 
equal to the annual consumption. 
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Within the framework of the simulation calculations, we have used the cost pa-

rameterisation for conventional power plants shown in Table 2-7 analogously to 

the first project report.132 Since, according to our assumptions, we no longer allow 

an endogenous expansion of lignite and hard coal power plants in any of the coun-

tries considered in this second project report, the costs presented here for these 

technologies have no relevance for the results in this second project report.  

TABLE 2-7: ASSUMPTIONS ON COSTS OF NEW CONVENTIONAL POWER PLANTS  

Parameter Unit 
CCGT - 

cond. 

Open 

gas tur-

bine 

Engine 

power 

plant 

Lignite 
Hard 

coal 

Net installed capacity MWel >400 >100 >20 >800 >700 

Investment cost 

(without interest 

rates for construc-

tion) 

€2020 per 

KWel 

786 430 409 1,781 1,519 

Fixed operating cost 
€2020 per 

KWel p.a. 
21 9 6 47 44 

Other variable cost 
€2020 per 

MWhel 

2 1.0 0.1 1.8 1.4 

 

Sources:  Own assumptions and calculations based on BEIS (2016), LeighFisher (2016), Parsons Brinckerhoff 

(2013). 

2.6.2 Fuel and CO2 prices  

The main drivers of the variable costs of electricity generation in conventional 

power plants are the fuel costs and the costs for CO2 emission allowances. The 

level of fuel costs is in turn determined by the prices of the fuels used, i.e. the 

 

132  Cf. r2b / Consentec (2019) Section 4.6.1. 
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primary energy sources lignite, hard coal, natural gas and petroleum products, in 

addition to the efficiency of the power plants. 

The prices for crude oil, natural gas and hard coal are set in dependence on the 

global energy markets, as these energy sources are transported and traded world-

wide. Particularly in the case of natural gas, however, it is important to recognize 

that despite global trade and considerable interdependencies in price develop-

ments, systematic price differences can still be expected in the various regions of 

the world. High transport costs (e.g. for LNG), high costs of the necessary gas grid 

infrastructure as well as different production costs stand in the way of a harmo-

nised world market price, even in the longer term. For Germany, the decisive fac-

tor is the cross-border price for natural gas in Europe. 

In our analyses in this study, we base our assumptions on the future development 

of prices for crude oil, natural gas and hard coal in the medium and long term (from 

2030) on the Stated Policies Scenario of the World Energy Outlook (WEO 2019) of 

the International Energy Agency (IEA).133 For the short term (up to 2023), we use 

current forward market prices for natural gas, crude oil and hard coal on the rele-

vant trading exchanges.134 For the period between 2023 and 2030, we use linear 

interpolated price forecasts. Although the IEA already offers price forecasts for 

2025 in the WEO 2019, we conclude that the IEA's forecasts for 2025 should 

already be considered outdated, as some of the prices forecast by the IEA for 

2025 are much higher than the current level on the futures markets. Finally, to 

avoid implausible price jumps from 2023 to 2025, we use the WEO price forecasts 

only from 2030. 

In the WEO 2019, the Stated Policies Scenario represents the current 'best guess' 

scenario of the IEA and depicts the developments in the relevant areas that were 

 

133 Cf. IEA (2019). 

134  The mean value of the daily prices of all trading days in the period from 31.01.2020 to 29.02.2020 was used 
for the following products and trading platforms: Crude oil: Brent Crude Oil Futures ('Last') of the ICE (cf. 
CME Group, 2020a); natural gas: weighted average of NCG and GPL base year futures (G0BY and G2BY, 
'Settlement') of the EEX (cf. EEX, 2020a); hard coal: API2 CIF ARA monthly futures (Settlement) of the CME 
(cf. CME Group, 2020b). 
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considered most likely when the study was prepared.135 In the scenario, the au-

thors take into account all national and international policy measures and regula-

tions in the areas of environmental, climate protection and energy policy that have 

already been adopted (some of which have not yet entered into force) at the time 

the study was prepared (by mid-2019), as well as announced measures and deci-

sions whose implementation is considered very likely. 

The price paths used are shown in Figure 2-31 in comparison to alternative price 

paths of the WEO 2019 and to the price paths of ENTSO-E in the TYNDP 2020.136 

In the respective diagram, the selected price path is marked by its own data series 

(blue, solid line).  

For light and heavy heating oil, there is no global or European trade on a relevant 

scale that could form the basis for corresponding trade prices. However, the cor-

responding prices can be derived very well from the development of crude oil 

prices by means of statistical analyses. Cost premiums result from refinery pro-

cessing costs as well as transport and distribution costs. 

 

135  The Stated Policies scenario replaces the New Policies scenario in WEO 19, which was used as the 'best guess' 
scenario in previous versions of WEO up to and including WEO 18.  

136 Cf. ENTSO-E (2020a) 
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FIGURE 2-31: PRICE FORECASTS FOR CRUDE OIL, NATURAL GAS AND HARD COAL: 
WEO2019 (STATED POLICIES) COMPARED TO ALTERNATIVE PRICE 
PATHS  

  

 

Source:  Own representation based on: Forward prices natural gas: EEX (2020a), forward prices coal: CME Group 

(2020b), forward prices crude oil: CME Group (2020a), WEO19: IEA (2019), TYNDP2020: ENTSO-E (2020 137); 

own conversion of original values in €2020 per MWhth as European wholesale prices without surcharges for 

transport or similar. 



 

 

r2b energy consulting GmbH / Consentec GmbH / Fraunhofer ISI / TEP Energy GmbH   91 
 

There is also no world market price for lignite, as its electricity generation is (al-

most) exclusively in the vicinity of the mines due to high transport costs. Instead, 

the costs of open-cast mining are to be regarded as the relevant reference value.  

According to Öko-Institut (2017), the full costs of lignite production in opencast 

mines amount to around €6.5 per MWhBr,th on average in 2017. These full costs 

are made up of various fixed or variable cost components, which depend in dif-

ferent ways on the short-, medium- and long-term operating plans of the lignite-

fired power plants: 

• First, approx. 1.0 €2017 per MWhBr,th (as a share of the above-mentioned 

full costs in the amount of 6.5 €2017 per MWhBr,th) are considered as fully 

sunk costs. These costs include refinancing costs for investments already 

made as well as recultivation costs.  

• A second share of 1.5 €2017 per MWhBr,th is to be considered as a variable 

cost component directly dependent on the short-term operation of the 

lignite-fired power plants. This share is directly allocated to the lignite-

fired power plants as variable fuel procurement costs. 

• Another share, also amounting to 1.5 €2017 per MWhBr,th, is to be consid-

ered as a share of the fixed costs of opencast mining that can be reduced 

in the short term (by reducing the production volume). This share is added 

to the coal-fired power plants' annual fixed operating costs.138, 139 

• Finally, 2.5 €2017 per MWhBr,th must be considered as a share of the fixed 

costs of coal extraction in opencast mining, which can only be reduced in 

the medium term by reducing capacity, i.e. reducing the maximum extrac-

tion rate. From today's perspective, this possible fixed cost saving can be 

 

137  No price path for the TYNDP 2020 is shown in the diagram for crude oil, as such a path is not specified in 
the TYNDP 2020. 

138  For the allocation of the 1.5 €2017 / MWhBr,th to the annual fixed costs of the lignite-fired power plants, which 
are to be assessed in € per kWel, an average utilisation of these power plants of 7,000 full utilisation hours 
is assumed. The resulting fixed cost mark-up in € per kWel finally depends on the efficiency of the respective 

power plant. 

139  The fixed cost surcharge described here is not yet included in the fixed operating costs for lignite-fired power 
plants shown in Section 2.6.1 
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realised, with sufficient planning lead time, by reducing the maximum an-

nual production volume from 2025 onwards. In the modelling, these costs 

are allocated to the variable fuel procurement costs of the lignite-fired 

power plants from 2025 onwards. 

For hard coal and natural gas, further price components have to be taken into 

account in the fuel costs free power plant. In the case of hard coal, these are es-

sentially transport costs from the European seaports to the German border and 

from the German border to the power plant. In total, 1.25 €2018 per MWhth is 

assumed for Germany. For natural gas, structuring costs and margins as well as 

the use of the natural gas grid infrastructure must be taken into account. For Ger-

many, we assume these to be 0.5 €2018 per MWhth, Hu. For light and heavy fuel oil, 

we assume 0.3 €2018 per MWhth. 

For the prices of CO2 certificates, we proceed analogously to our assumptions for 

fuels such as crude oil, natural gas and hard coal. While we use trading quotes for 

EEX futures for the years up to 2023,140 we use the forecasts of the New Policies 

scenario of the WEO 2019 for the years from 2030 onwards. Interpolated prices 

are used in the years in between. The selected price path is shown in the following 

Figure 2-32 in comparison with the alternative price paths of the WEO 2019 and 

the forecasts in the TYNDP 2020. The selected price path is marked as a separate 

time series (green line). 

 

140 The mean value of the price quotations from 31.01.2020 to 29.02.2020 for the FEUA (Settlement) product 
of EEX was used, cf. EEX (2019b).  
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FIGURE 2-32: PRICE FORECASTS FOR CO2 ALLOWANCES (EUA): WEO2019 (STATED 
POLICIES) COMPARED TO ALTERNATIVE PRICE PATHS  

 

Source:  Own representation based on: Term prices: EEX (2020b), WEO19: IEA (2019), TYNDP2020: ENTSO-E 

(2020); own conversion of original values in €2020 per tCO2  

In addition to the CO2 price of the EU ETS, we have also taken into account na-

tional CO2 prices for the UK and the Netherlands that apply or are currently being 

introduced:  

In 2013, the United Kingdom established a national minimum CO2 price for the 

power plant sector in the form of a CO2 component of the energy tax rates for the 

use of energy sources for electricity generation. The CPF is made up of two com-

ponents: (i) the EU ETS price and (ii) an additional CO2 price component that tops 

up the EU ETS price to meet the CPF target. In line with applicable benchmarks, 

we have fixed the national Carbon Support Rate (CSR) (national surcharge on the 

ETS price) in the model at £18/tCO2 until 2021/22. We then assumed the contin-

uation of the national CSR in line with the original path of the CPF price target. In 

2030, this is nominally GBP 70/tCO2.141 

As the UK's membership in the EU ETS finished at the end of the BREXIT transi-

tion period on 31 December 2020, the British government announced the intro-

duction of its own UK ETS from 2021, the planned regulations of which are, how-

 

141 Cf. Hirst (2018). 
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ever, strongly oriented towards the regulations of the EU ETS. The CO2 price bur-

den on British power plants is therefore unlikely to change significantly as a result 

of the UK leaving the European Union.142 

The Dutch government is also currently in the process of introducing a national 

minimum CO2 price for electricity generation, which is to supplement the EU ETS 

price as soon as it falls below the nationally set limit. For the modelling, we have 

used the price path envisaged in the Dutch government's NECP of a nominal initial 

€12.30/tCO2 with a subsequent gradual increase to €31.90/tCO2 in 2030.143 

2.6.3 Availabilities of conventional power plants  

The output of controllable generation plants, such as thermal power plants or 

pumped storage power plants, is not available all year round. On the one hand, 

plants are not available on a scheduled basis, e.g. due to maintenance work within 

the scope of overhauls. On the other hand, plants can also malfunction if, for ex-

ample, a technical defect makes operation (at nominal capacity) impossible. These 

unavailabilities of conventional power plants must be taken into account in the 

monitoring of resource adequacy, both in the simulations for forecasting the de-

velopment of the electricity supply system and in the probabilistic simulation as 

part of the analysis of the level of resource adequacy.  

In the context of this second project report, we have made analogous assumptions 

about the planned and unplanned unavailabilities of thermal power plants and 

pumped storage power plants. These are shown in Table 2-8. 

 

142 Cf. Pinsent Masons (2020). 

143  Cf. Ministry of Economic Affairs and Climate Policy (2019).   
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TABLE 2-8: ASSUMPTIONS ON UNAVAILABILITIES OF CONVENTIONAL POWER 
PLANTS  

Non-availabilities 2012 - 2016 Total Planned Unplanned 

Hard coal 19.7% 9.4% 10.4% 

Lignite 14.2% 6.7% 7.5% 

Oil/natural gas steam turbine 17.4% 7.3% 10.2% 

OCGT 8.8% 5.1% 3.7% 

CCGT 10.4% 6.6% 3.8% 

Pumped storage - turbines 15.9% 14.6% 1.3% 

Pumped storage - pumps 10.6% 9.8% 0.8% 

Nuclear Power 

(2005 - 2015) 

BE 21.1% 8.4% 12.7% 

CZ 19.0% 14.4% 4.6% 

FI 6.0% 4.9% 1.1% 

FR 19.7% 12.3% 7.4% 

DE 8.6% 6.7% 2.0% 

NL 10.8% 5.9% 4.8% 

SE 22.4% 11.3% 11.1% 

CH 11.9% 8.9% 3.0% 

GB 27.7% 12.5% 15.2% 
 

Sources:  VGB (2017), VGB (2016), IAEA (2016). 

For the parameterization of the RA analysis, we divided the unavailabilities into 

the component’s average failure frequency and average failure duration144 and 

used failure frequencies according to Haubrich and Consentec (2008) as in the 

first report.145 The outage durations were calculated by dividing the unplanned 

unavailabilities given in Table 2-8 by these frequencies. 

 

144 Cf. r2b / Consentec (2019) section 3.3.5. 

145  Partial failures were added proportionally to the frequency of total failures. 
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2.7 Development of the balancing power  

As in the first project report, when generating scenarios with the European elec-

tricity market model, we model the restriction that part of the output of power 

plants that is held in reserve for providing balancing power cannot be marketed 

on the electricity market for scheduled energy. 

In our analyses, we assume a constant demand for balancing power over time. The 

amount of positive balancing power provided is shown in Figure 2-33; the values 

of the first report have been retained here. 

FIGURE 2-33: POSITIVE CONTROL RESERVE IN THE 14 COUNTRIES CONSIDERED 

 

Source:  Own presentation based on ENTSO-E (2020a) and ENTSO-E (2020c). 

As explained in the first project report146, the capacity of the generation plants 

held in reserve to cover high-frequency positive parts of the balancing power de-

mand is not used in the RA analysis to cover the residual load. However, the gen-

eration plants reserved for the remaining part of the balancing power are available 

to the model to cover the residual load and are taken into account accordingly in 

the RA analysis. 

 

146  Cf. r2b / Consentec (2019) Section 3.3.3. 
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This separation results logically from the task of assessing the resource adequacy 

on the electricity market. Adequacy is present when a balance between supply 

and demand is achieved as a result of all market processes. It is therefore exam-

ined whether load coverage is achieved with flexibilities that must ensure their 

economic viability from the revenues of the different electricity market segments. 

This does not require separate consideration of the individual segments. 

The separation between market processes on the one hand and non-market pro-

cesses on the other hand should therefore not be based on the chronological se-

quence of technical processes, but on the way in which the use of generation 

plants and other flexibilities is determined. In particular, although balancing power 

is technically used in real time by the TSOs, this is done according to (price) criteria 

that were previously determined in the market-based process of the balancing 

power procurement.147 Market processes thus explicitly do not only include pro-

cesses of the so-called scheduling market, e.g. day-ahead and intraday markets, 

which result in schedule nominations of the balancing group responsible parties. 

In situations that are not critical from the RA point of view, in which there is no 

shortage of flexibility, the use of balancing power is a regular and normal process. 

The costs incurred by the market players for the use of balancing power are in-

cluded in their economic calculations.148 

Such a "normal" situation for the use of positive balancing power is shown sche-

matically in Figure 2-34. The x-axis shows the lead time before the operating time 

t0. On the y-axis, different powers are shown. One of them is the actual load (red), 

which is of course only known in real time at time t0.149 A distinction must be made 

between this and the load forecast (blue), which here means the collective (total) 

load forecast of all market participants. This also has a value before the operating 

 

147 This was described in the first project report as "balancing supply and demand after all market processes 
have been completed", cf. r2b / Consentec (2019) p. 63. 

148 This refers to the balancing group responsible parties weighing up the effort to improve their forecasting 
quality against the possible reduction in their balancing energy costs. A strict distinction must be made be-
tween this and a non-permissible systematic use of balancing energy. 

149 Strictly speaking, this is also only a simplified formulation, because in fact it is not the load that is known in 
absolute terms in real time, but the system balance as the difference between load and generation. However, 
this is irrelevant for the question discussed here. 
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time t0, which changes over time because forecasts are updated repeatedly. At 

time t0-x, i.e. a certain time before the operating time, the last segment of the 

scheduling markets (the national intraday market) closes. This is the last time at 

which the market participants can adjust generation to their load forecast by buy-

ing or selling on the scheduled power market.150 In the example, the load forecast 

is below the actual load, and accordingly power plants are only used for the sched-

uled power market to the extent of the last forecast (filled yellow column). In the 

example, there would definitely have been more power plant capacity for the 

scheduled power market (shaded yellow column), but this is not used due to the 

forecast error. 

FIGURE 2-34: SCHEMATIC REPRESENTATION OF THE USE OF POSITIVE BALANCING 
POWER IN A SITUATION WITHOUT SCARCITY ON THE SCHEDULED 
POWER MARKETS  

 

Source: Own representation.  

 

150 The generation in own plants can also still be adjusted in real time, as the settlement of the balancing energy 
takes place retrospectively on the basis of metered values.  
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Instead, the TSO uses part of the balancing power available to close the gap be-

tween the load forecast and the actual load. This use of the balancing power tech-

nically takes place at time t0. However, the balancing power was already procured 

at time t0-y, which was before the end of the scheduled power market. Thus, the 

load is ultimately covered exclusively by market-based dispatch of power plants. 

But then, this also applies if there is a shortage on the scheduled power markets, 

provided that the balancing power can compensate for this. Figure 2-35 shows 

this case in schematic form. Here, the load forecast at the closing of the scheduled 

power market (t0-x) is higher than the power plant capacity available for the 

scheduled power market. The latter is therefore fully dispatched (yellow column). 

As in the "normal" case, the gap between the scheduled power plants dispatched 

and the actual load is covered by the use of balancing power.  

FIGURE 2-35: SCHEMATIC REPRESENTATION OF THE USE OF POSITIVE BALANCING 
POWER IN SITUATIONS OF SCARCITY ON THE SCHEDULED POWER 
MARKETS  

 

Source: Own representation.  

It is irrelevant how far the load forecast exceeds the power plant capacity availa-

ble for scheduled operation (see dashed blue lines with alternative forecast 
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curves). Even if the forecast is greater than the sum of the power plants for sched-

uled power and balancing power, there is neither a technical nor a market-related 

load excess. This is because the only decisive factor here is that the actual load 

can be covered by the sum of the scheduled power plants and the balancing 

power.151 This is illustrated by the turquoise arrow in the figure, which has the 

same size regardless of the hypothetical load forecast curves . 

From this it can be concluded that even in scarcity situations on the scheduled 

power markets, the mere use of balancing power152 must not be interpreted as a 

lack of balance between supply and demand on the electricity market (as a whole). 

In Germany, this also becomes evident from the fact that the rule according to 

which the balancing energy price must be at least 20 T€/MWh only applies when 

the capacity reserve (Kapazitätsreserve) is actually used. Any precautionary acti-

vation of the capacity reserve is not decisive for this. If the balancing power is 

sufficient to cover the load after the capacity reserve has been activated, still the 

normal rules for balancing energy pricing on the basis of the balancing power 

prices apply. Consequently, even if there is no market clearing in the scheduled 

power market, "normal" balancing energy prices can still occur . A critical situation 

from the point of view of resource adequacy in the sense of this study therefore 

only exists if the actual load is greater than the sum of the power plants on the 

scheduled power market and the balancing power (such that, for example, the 

capacity reserve would have to be used). 

The differentiation between load forecast and actual load does not take place in 

the abstraction of the RA analysis carried out here (as is usual for such simula-

tions). Instead, only the actual (residual) load is considered, abstracting from the 

sequence of market processes. Forecast errors, which are compensated for by the 

balancing power, are already included therein. Likewise, uncertainties in the avail-

ability of power plants for the scheduled power market are taken into account by 

 

151  It also follows from this that the assessment of resource adequacy does not change if, ceteris paribus, power 
plants are reallocated between "available for the scheduled power market" and "reserved for balancing 
power".  

152  In the example, the balancing group responsible parties (or a part of them) do not undersupply themselves 
out of strategic consideration, but because they cannot procure sufficient power on the scheduling market. 
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explicit modelling of power plant outages. Consequently, the RA analysis in prin-

ciple analyses the coverage of residual load by the sum of scheduled and balancing 

power plants153 i.e., in the schematic representation of the above figures, the ratio 

of the sum of yellow and turquoise generation capacities to the red line. 

The only exceptions to this are those parts of the balancing power that are held 

in reserve to compensate for high-frequency uncertainties (such as load and RE 

noise, ramps, schedule jumps). Such uncertainties lead to short-term fluctuations 

of the load around the hourly mean value and are not taken into account in the 

hourly residual load of the RA analysis. In particular, positive high-frequency com-

ponents of the balancing power activation, which manifest themselves in an in-

crease in load, can be critical in scarcity situations. The capacity of the plants held 

in reserve to cover these balancing power components may therefore not be used 

to cover the residual load. This is respected in the RA analysis. 

The high-frequency positive shares of the balancing power requirement were de-

termined in accordance with the methodology described in the first project report 

based on 2016 data for Germany/Luxembourg and transferred to the other bid-

ding zones in proportion to square roots of the ratios of the annual peak loads. In 

addition to the procedure in the first report, an analogous adjustment to the years 

under consideration154 was made for the present report. However, since this only 

results in changes of a few percent, the following figure is limited to the assump-

tions for 2021. 

 

153 The acceptance of partial coverage of load by balancing power, as in the example mentioned, where there is 
a undersupply of balancing groups on the scheduling market, is therefore considered as a possibility in the 
RA model. In fact, this case occurs extremely rarely, such that a systematic or even strategic use of balancing 
power does neither exist nor is assumed to be permissible in the model. 

154 For each year under consideration and bidding zone, the mean value of the annual peak load (before a pos-
sible activation of load flexibility) was calculated across all weather years. 
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FIGURE 2-36: POSITIVE HIGH-FREQUENCY SHARES OF BALANCING POWER PER 
COUNTRY (2021)   

 

Source: Own representation. 

2.8 Development of cross-border import and export opportunities  

2.8.1 General information 

The extent of long-distance transport of electricity is limited by the transmission 

capacity of the networks. In the European internal electricity market this is taken 

into account by the fact that Europe is divided into so-called bidding zones - which 

in most cases comprise one country each.155 The exchange of power between bid-

ding zones is limited by so-called transmission capacities, which are determined in 

advance by the TSOs. This results in a uniform market price for electricity per 

bidding zone, while price differences may arise between bidding zones if cross-

border (ie cross-zonal) transmission capacity is insufficient for full price conver-

gence. 

When assessing the resource adequacy on the electricity market, the market 

structure must be appropriately reflected. This also applies to the consideration 

of transmission capacity. Consequently, it is necessary to reflect the future devel-

opment of cross-border transmission capacities. On the one hand, this influences 

the international market price structure that market players take into account 

 

155 Germany and Luxembourg form a common bidding zone. Sweden, Norway, Denmark and Italy each have 
several bidding zones. 
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when making investment and disinvestment decisions. On the other hand, deter-

mines the feasible level of cross-border assistance if this is necessary to ensure 

security of supply and is possible by exploiting balancing effects. 

Within bidding zones, by contrast, the internal electricity market abstracts from 

any restrictions on transmission capability. To the extent that intra-zonal conges-

tion does occur, this is eliminated by the TSOs outside the market, for example by 

so-called redispatch, possibly using grid reserves. Such interventions are neutral 

from the point of view of the electricity market, i.e. they neither influence the 

price of electricity nor market-based cross-border exchanges. Therefore, they do 

not need to be taken into account when assessing security of supply on the elec-

tricity market. Rather, ensuring sufficient intra-zonal transmission capability is the 

subject of other processes that cover various time horizons, from network expan-

sion planning to annual demand analyses to the network reserve to operational 

preparation and implementation of redispatch. 

In the first project report, we extensively documented the procedure for model-

ling and parameterising the cross-border transmission capacities.156 Briefly sum-

marised, for the borders between Germany/Luxembourg, Belgium, France, Italy, 

the Netherlands, Poland, Austria, Switzerland and the Czech Republic, we build a 

flow-based model taking into account network security requirements (N-1 crite-

rion) and required minimum capacities. At the other borders, the transmission ca-

pacities are described by NTC values. 

For this second report, the concept of modelling transmission capacities and thus 

also the structure and resolution of the network capacity model basically remain 

the same. We make changes in two respects: 

1. We update the assumptions on cross-border network expansion projects 

on the basis of updates to the relevant information bases that have in the 

meantime become available. 

 

156  Cf. r2b / Consentec (2019) Section 3.3.4 and Appendix B 
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2. We adapt the models to the requirements of the Clean Energy Package 

that has since come into force, in particular the introduction of so-called 

action plans. 

We address these two adjustments in the following sections 2.8.2and 2.8.3re-

spectively. In section 2.8.4we show which changes in export and import capacities 

result from this compared to the first report. 

2.8.2 Assumptions on cross-border network expansion projects  

The assumptions on cross-border network expansion projects essentially follow 

the approach of the first report. Starting from the identical base year 2016, models 

are parameterised for the future observation years by simulating the effect of 

cross-border network expansion projects on transmission capacities. For this pur-

pose, the data basis is brought up to date, which is explained in more detail below. 

This is followed by an overview of all relevant grid expansion projects and con-

crete changes to the first report. 

Updating the data basis 

Two main data sources were used for the research of cross-border network ex-

pansion projects. These are the Ten Year Network Development Plan (TYNDP) of 

ENTSO-E and the Network Development Plan (Netzentwicklungsplan, NEP) of 

the German TSOs. While the current version of the TYNDP was still that of 2016 

in the course of the first report, the 2018 version was available when the investi-

gations for this second report were carried out. On the basis of this version, we 

have updated all reported cross-border network expansion projects. This resulted 

in particular in adjustments to the commissioning years. However, the effect on 

the level of exchange capacities was also examined. There is a fundamental dif-

ference here compared to the TYNDP 2016, in which an increase in grid transfer 

capacity (GTC) was specified for the effect of each grid expansion project, in 

which the effect of each grid expansion project was expressed as an increase in 

Grid Transfer Capacity (GTC), which describes the effect of the project on the 

permissible physical power flows per bidding zone border. In contrast, the TYNDP 

2018 shows the respective increase in the Net Transfer Capacity (NTC), which 

describes the upper limit of the bilateral commercial power exchange between 
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two neighbouring bidding zones. However, a comparison based on unchanged 

network expansion projects shows that the same numerical values are given in 

both cases. Accordingly, we assume that changed capacities between TYNDP 

2016 and TYNDP 2018 are not due to a change in the definition of the capacity 

measure, but to an actual change in the forecast of the impact of the network 

expansion project in question. 

In addition, there are projects that were not considered in the first report, but 

whose status has changed in such a way that we now consider it appropriate to 

consider them in the second report. 

A newer version (2019) of the NEP is now also available, updating the one used 

in the first report (2017). For this reason, we have again compared the years of 

commissioning. In the case of a difference between TYNDP and NEP, the NEP is 

still assumed to be the leading source. 

In the course of the consultation, the assumptions on commissioning years were 

checked by the BNetzA and the German TSOs and largely confirmed. Only for one 

project did a comparison with the BNetzA's157 monitoring reveal a discrepancy. In 

this case the more up-to-date information from the monitoring was adopted. 

Grid expansion projects considered  

The table below lists all network development projects that have been considered 

in the first and/or this second project report. Both the year under review, from 

which on we take the expansion into account in the model, and the impact on the 

NTC of the respective border as assumed for this report are provided. For com-

parison purposes, the year under review and the GTC increase used in the first 

report are shown to the right. All changes to the first report (including project 

numbers or names) are highlighted in bold face. 

 

157 www.netzausbau.de 
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TABLE 2-9: CROSS-BORDER NETWORK EXPANSION PROJECTS TAKEN INTO 
ACCOUNT, YEARS UNDER REVIEW FROM WHICH THEY ARE TAKEN 
INTO ACCOUNT IN THE MODEL AND CAPACITY INCREASE ACHIEVED 
IN COMPARISON BETWEEN FIRST AND SECOND PROJECT REPORT  

TYNDP 
project 

no. Identifier 
Country 

1 
Country 

2 

Taken into account 
from NTC increase GTC increase 

Report 2 Report 
1 

2nd report 1st report 

1->2 
[MW] 

2<-1 
[MW] 

1->2 
[MW] 

2<-1 
[MW] 

36 Kriegers Flak CGS EN DKE 2021 2018 400 400 150 400 

113 
Doetinchem - Lo-
wer Rhine  EN NL 2018 2018 1500 1500 1100 1100 

172 ElecLink FR GB 2021 2018 1000 1000 1000 1000 

21 Italy-France IT FR 2021 2020 1000 1200 1000 1200 

25 IFA2 FR GB 2021 2020 1000 1000 1000 1000 

37 NordLink EN NO 

Phase-in: 
2021 
2023 
2025 2020  

700 
1050 
1400 

700 
1050 
1400 1400 1400 

39 DKW-DE, step 3 EN DKW 2021 2020 1000 720 1000 720 

71 COBRA cable DKW NL 2021 2020 700 700 700 700 

74 
Thames Estuary 
Cluster (NEMO) GB BE 2021 2020 1000 1000 1000 1000 

92 ALEGrO  EN BE 2021 2020 1000 1000 1000 1000 

94 
GerPol Improve-
ments  EN PL 2023 2020 500 1500 2000 1000 

245 
Upgrade Mee-
den - Hallway  EN NL 2021 2020 300 300 300 n.a. 

26 

Reschenpass In-
terconnector 
Project IT AT 2021 2020 300 300 1000 1100 

313 Isar-St. Peter EN AT 2028 2020 2000 2000 
Included in 
project 47 

250 

Merchant line 
"Castasegna (CH) 
- Mese (IT) IT CH 2021 2020 100 100 100 100 

23 
France-Belgium 
Phase 1 FR BE 2023 2023 1000 1000 800 800 

31 Italy-Switzerland CH IT 2025 2023 750 750 1100 600 

40 

Belgium-Luxem-
bourg-Germany: 
long-term per-
spective LU BE 

not con-
sidered 2023 500 500 900 900 
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TYNDP 
project 

no. Identifier 
Country 

1 
Country 

2 

Taken into ac-
count from (ref-
erence scenario) NTC increase GTC increase 

Report 2 Re-
port 

1 

2nd report 1st report 

1->2 
[MW] 

2<-1 
[MW] 

1->2 
[MW] 

2<-1 
[MW] 

47 
Vöhringen-
Westtirol EN AT 

not con-
sidered 2023 600 600 2900 2900 

110 

Norway-Great 
Britain North 
Sea Link NO GB 2021 2023 1400 1400 1400 1400 

150 Italy-Slovenia AT IT 2025 2023 1000 1000 1000 800 

153 
France-Al-
derney-Britain FR GB 2023 2023 1400 1400 1400 1400 

167 Viking DKW-GB DKW GB 2023 2023 1400 1400 1400 1400 

174 Greenconnector CH IT 2023 2023 850 850 800 800 

183 
DKW-DE, West-
coast EN DKW 2021 2023 500 500 500 500 

190 NorthConnect GB NO 2023 2023 1400 1400 1400 1400 

198 
Area of Lake 
Constance  AT CH 

not con-
sidered 2025 

Included in pro-
ject no. 263 1000 1000 

263 
Lake Constance 
East 

DE/ CH AT/ CH 
not con-
sidered 

2023 
CH-AT 200/100  
DE-CH 250/600  

DE-AT 1000/1000 
0 

16 Biscay Gulf FR ES 2025 2025 2200 2200 2200 2600 

111 
3rd AC Finland-
Sweden north FI SE 2025 2025 800 900 800 500 

176 
Hansa Power-
Bridge 1  EN SE 2028 2025 700 700 700 700 

187 
St. Peter - Plein-
ting EN AT 2025 2025 1500 1500 1500 1500 

225 

2nd inter-
connector Bel-
gium - Germany  EN BE 

not con-
sidered 2025 1000 1000 1000 1000 

228 
Muhlbach - 
Eichstetten EN FR 2025 2025 300 300 300 300 

231 
Concept Project 
DE-CH EN CH 

not con-
sidered 2025 1000 1000 700 700 

270 

FR-ES project -
Aragon-Atlantic 
Pyrenees FR ES 2028 2025 1500 1500 1500 1500 

276 
FR-ES project -
Navarra-Landes FR ES 2028 2025 1500 1500 1500 1500 

229 
GerPol Power 
Bridge II EN PL 

not con-
sidered 2030 1500 0 1500 0 

244 
Vigy - Uchtelfan-
gen area EN FR 

not con-
sidered 2030 1500 1500 1500 1500 
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TYNDP 
project 

no. Identifier 
Country 

1 
Country 

2 

Taken into ac-
count from 

(reference sce-
nario) NTC increase GTC increase 

Re-
port 

2 

Report 
1 

2nd report 1st report 

1->2 
[MW] 

2<-1 
[MW] 

1->2 
[MW] 

2<-1 
[MW] 

New projects         

247 
AQUIND Inter-
connector GB FR 2023 

not con-
sidered 

2000 2000 2000 2000 

262 

Belgium-Nether-
lands: Zandvliet-
Rilland NL BE 2023 1000 1000 1000 1000 

285 GridLink FR GB 2023 1400 1400 1500 1500 

309 NeuConnect EN GB 2023 1400 1400 1400 1400 

375 
Lienz (AT) - Veneto 
region (IT) 220 kV AT IT 2025 150 150 

Included in 
project 26 

 

Source:  Own representation. 

2.8.3 Consideration of the requirements of the Clean Energy Pack-

age on electricity trading capacities  

For the first report, we had assumed, on the basis of the then draft status of the 

electricity market regulation of the Clean Energy Package (CEP), that in future, 

(formulated in a simplified way) a minimum capacity of 75 % of the transmission 

capacity of the interconnectors should be made available for cross-border elec-

tricity trading. 

Such a minimum capacity is also provided for in the version of the CEP (more 

precisely: the Electricity Market Regulation158) that has since come into force. For-

mally, it is now expressed as a numerical value of 70 %, but at the same time the 

definition has changed slightly because the so-called flow reliability margin may 

no longer be counted towards the minimum capacity. Within the scope of the 

accuracy achievable here, this leads to approximately identical specifications. 

 

158 Cf. European Parliament and Council (2019).  
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In the first report, however, we had assumed this for all years under review from 

2020 onwards. In contrast, the final CEP foresees the possibility for member 

states to gradually increase to the 70% target by introducing action plans. 

In Germany, an action plan has been in place since 2020, so that the minimum 

capacity will be raised in annual steps from a starting value to the final value of 70 

%, which will apply from 2026 according to the CEP. 

For the replication of this so-called trajectory in our model, we take into account 

that a minimum capacity of 20 % has already applied in the Central West Europe 

(CWE) region since 2018. Translated into the definition of the Electricity Market 

Regulation, this represents an even higher value than 20 %, since in CWE the 

power flows from non-CWE exchanges are not included in the 20 %. The require-

ment under the Electricity Market Regulation, on the other hand, applies to the 

total flows from all cross-border capacities. 

Furthermore, we take into account the fact that we built our model from 2016, 

i.e. the historical NTC values from 2016 continue to be the "anchor" of the model. 

As in the first report, we use the maximum and minimum net position of the bid-

ding zone Germany/Luxembourg as a reference value for parameterising the 

model. 

Degrees of freedom for the parameterisation are the two scaling factors that we 

also used for the first report, i.e.  

• the scaling of the Maximum Border Flows (MBF)159 and  

• the scaling of the fitted NTCs160 in such a way that the maximum possible 

export or import capacities of the bidding zone Germany/Luxembourg fall 

to a predefined proportion of the value that would result without the re-

striction by the fitted NTCs.  

Both factors were 0.9 for the first project report. We retain the identity per year 

under review, but now allow the factors to differ from year to year. The flow-

 

159  Cf. r2b / Consentec (2019) Appendix B.1 

160  Cf. r2b / Consentec (2019) Appendix B.2 
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based model for our analysis is thus "shrunk" with scaling factors that are individ-

ual for each year under review. 

The sequence is as follows: 

• The scaling factors are chosen for 2016 in such a way that the mean value 

of the amounts of maximum and minimum net position in the flow-based 

model is equal to the mean value of the maximum and minimum net posi-

tions that resulted from the historical NTCs in 2016.  

• The scaling factors are increased linearly for the following years, so that in 

2026 they mathematically reach the value that was applied in the first re-

port. 

We thus assume that if the flow-based model had already applied in 2016, it 

would have yielded the maximum/minimum net positions of the actual NTCs, and 

from there it would be raised linearly to the target value of 70 % minimum capac-

ity by 2026. Thus, certain minimum capacities would also already apply in 2018, 

which was indeed the case in reality. Ultimately relevant for this study are the 

capacities for the years under review 2021, 2023, 2025 and 2030. 

2.8.4 Development of import/export opportunities  

As a benchmark to illustrate the effect of the changed assumptions, we use the 

indicator of maximum possible import or export capacity, which was also used in 

the first project report.161 

Figure 2-37 shows three lines per direction for the bidding zone Germany/Lux-

embourg. The darker line represents the values of the first report, the lighter solid 

line those of the second report. The dashed light line represents the export/import 

capacities that would result if only the assumptions regarding the Electricity Mar-

ket Regulation (trajectory) were changed compared to the first report. 

 

161  These values are calculated separately per bidding zone and direction and cannot be realised simultaneously. 
Rather, to achieve the maximum export or import of a bidding zone, a special constellation of the exports or 
imports of the other bidding zones may be required. See also r2b / Consentec (2019) Appendix B.2. 
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The dashed lines clearly show that the gradual increase in minimum capacity has 

a greater impact on the earlier years than on the later ones. In 2030, the dashed 

light and solid dark lines converge by definition. 

The additional consideration of the updated grid expansion plans shows that, 

apart from a few exceptions where the values remain the same, this essentially 

results in further reductions in export/import capacities. This is due to the delay 

of a significant number of grid expansion projects.  

Overall, this results in a reduction of 5.5 GW (export) and 4.8 GW (import) in 2023 

compared to the first report, which increases to 5.8 GW (export) and decreases 

to 3.3 GW (import) by 2030. 

FIGURE 2-37: COMPARISON OF MAXIMUM (=EXPORT) AND MINIMUM (=IMPORT) NET 
POSITIONS OF THE BIDDING ZONE GERMANY/LUXEMBOURG BETWEEN 
FIRST AND SECOND PROJECT REPORT  

 

Source:  Own representation 



 

 

r2b energy consulting GmbH / Consentec GmbH / Fraunhofer ISI / TEP Energy GmbH   112 
 

2.9 Assumptions on the distribution of load excess among the bid-

ding zones  

When carrying out the RA analysis, it must be determined how the balancing of 

load excess in different bidding zones is to be carried out. This is because cross-

border assistance can be used within the framework of transmission capacities to 

shift load excess partially or completely between bidding zones. In the first report, 

we explained that in this project, cross-border assistance is only permitted to the 

extent that it does not result in an (additional) load excess in the bidding zone 

providing assistance.162 This specification helps to localise the cause of the load 

excess. In terms of modelling, this was implemented in such a way that cross-bor-

der power exchanges were slightly penalised so that they are only carried out in-

sofar as the total sum of the load excess can be reduced as a result. 

However, this can theoretically lead to indifference in the calculation model, 

which could result in arbitrary result contributions in certain constellations. We 

have remedied this by refining the model, as explained below. 

If a bidding zone can provide assistance (to a limited extent but not completely) 

to two or more other bidding zones, which are simultaneously dependent on im-

ports to avoid load excess, then the distribution of the assistance between the 

bidding zones with import requirements could previously be arbitrary. 

For example, a point in time is considered at which Germany/Luxembourg has an 

import demand of 4 GW with 70 GW of load. At the same time, Belgium has an 

import demand of 2 GW with a load of 10 GW. It is assumed that France (taking 

into account the grid restrictions) can help Belgium and/or Germany/Luxembourg 

with a maximum of 4 GW of exports. Thus, on balance, there is a load excess of 2 

GW in total. 

In reality, the final distribution of the assistance would depend on the behaviour 

of the entities in all successive market stages (especially day-ahead and intraday). 

This cannot be modelled precisely due to the lack of international harmonisation 

of the rules of relevant market processes and their possible adjustment after the 

 

162  See r2b / Consentec (2019), Section 3.3.6. 
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occurrence of corresponding scarcity situations. Therefore, this project, as men-

tioned above, focuses on identifying the geographical cause of the load excess. In 

the example considered, this is located in Germany/Luxembourg as well as in Bel-

gium. 

In the previous modelling, several solutions would have been formally equivalent 

in such a situation: After the full exhaustion of the French assistance, load excess 

could have remained only in Germany/Luxembourg, only in Belgium or in both 

bidding zones to a lesser extent, because all these situations have both the same 

summary loss of load of 2 GW and the same amount of cross-border exchanges 

of 4 GW. 

In order to exclude such an indifference, the model was adjusted for this report 

so that the total remaining load excess is shared among the bidding zones with 

import demand in proportion to their load. In the example, 2 GW * 70 / (70+10) = 

1.75 GW remain in Germany/Luxembourg and 2 GW * 10 / (70+10) = 0.25 GW 

in Belgium. It is therefore ensured that in such cases all bidding zones with import 

demand always have a load excess and that its share of the load in these bidding 

zones is identical (2.5 % in the example). 

The model implementation is based on the design of the European day-ahead 

market coupling163 - not because this would determine the final result in reality 

(cf. above statement on later market processes), but because there is an estab-

lished method for distributing excess demand. It consists of two elements: ensur-

ing that load excess is only allocated to bidding zones with import demand, and 

equalizing the share of loss of load in the load among these bidding zones. 

 

163  NEMO Committee (2019). 
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3 Results reference scenario  

In this chapter, we first present the results of the electricity market simulations 

for the reference scenario with regard to the development of power plants and 

the development of flexibility options for Germany and the European countries 

considered. The years under consideration are 2021, 2023, 2025 and 2030. 

Subsequently, in Section 3.2, we present the benefits in terms of load balancing 

effects, feed-in of supply-dependent renewables, and unplanned outages of con-

ventional power plants in a common internal market, specifically in the electricity 

markets of 15 countries considered simultaneously in this study.  

In Section 3.3we present the results of the RA analyses for the reference scenario. 

The chapter concludes with a short interim conclusion in Section 3.4. 

The model calculations on which this report is based were carried out in the sec-

ond half of 2020. 

[Here we will integrate a summary of the thoughts of the consultation participants 

after the results have been consulted]. 

3.1 Results of electricity market simulations  

In this section, we first describe in Section 3.1.1how power plants and flexibility 

options in Germany develop over time. In doing so, we show which developments 

are due to exogenous requirements and which ones result from model-induced 

market adjustment processes due to price signals on the wholesale electricity mar-

ket. In Section 3.1.2we then show the development of power plants and the de-

velopment of flexibility options for the considered foreign markets. 

3.1.1 Development of resources in Germany  

The development of power plants and the development of flexibility options are 

the central result of the dynamic and stochastic simulation calculations with the 

European electricity market model of r2b energy consulting GmbH and are shown 

in Figure 3-1. We only present  those capacities that are actually available for the 

market. Both regulatory reserves and power plant capacities conserved in the 

longer term (so-called cold reserves) are not taken into account in the information 

on capacity development or in the downstream quantitative RA analyses. In the 
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figure, we have differentiated between controllable output and the output of vol-

atile renewable energies.164 

FIGURE 3-1: DEVELOPMENT OF THE CONVENTIONAL POWER PLANT FLEET, THE 
ANNUAL PEAK LOAD, AND CONTROLLABLE AS WELL AS VOLATILE FEED-
IN CAPACITIES OF RENEWABLE ENERGIES 

 

 

Source: Own calculations. 

The volatile feed-in capacity from onshore and offshore wind energy, PV and run-

of-river energy amounts to 123 GW in 2021 and increases continuously to ap-

prox. 188 GW in 2030.This is in line with the Federal Government's resolutions 

on the share of RE in gross electricity consumption of 65 %.165 The overall in-

stalled capacity of controllable electricity generation plants, on the other hand, 

decreases. Compared to the sensitivity "Achievement of climate protection tar-

gets" from the first project report166, there are only minor differences regarding 

the development of resources in Germany, e.g. in the installed capacity of volatile 

 

164 In practice, both have a positive impact on RA, as these are reserves that represent additional available ca-
pacity to meet demand with little lead time. 

165 For detailed assumptions on the expansion of renewable energies in Germany, see Sections 2.3.1and 2.3.2. 

166  Cf. r2b / Consentec (2019). 
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renewable energies or the time plan for the implementation of the recommenda-

tions of the Commission "Growth, Structural Change and Employment" compared 

to the KVBG, that has been adopted in the meantime. 

The installed capacity from storage and pumped storage, bioenergy and other re-

newable energies will remain largely constant at approx. 18 to 19 GW until 2030. 

The installed capacity of power plants fired by natural gas, oil and other non-re-

newable energy sources increases after a decline to about 30 GW in 2021, as 

about 4.9 GW are temporarily placed in cold reserve due to a lack of economic 

efficiency and are no longer available to the market to about 33 GW in 2025 and 

about 35 GW in 2030, mainly driven by the expansion of natural gas CHP (see 

Figure 2-9). The capacity of coal-fired power plants, on the other hand, decreases 

significantly over time. For the reference scenario in Germany, we do not allow 

coal-fired power plants to be closed for economic reasons, i.e. before the exoge-

nously stipulated closure date is reached, because of the hard coal closure tenders 

and the legally stipulated latest closure dates for lignite pursuant to the KVBG. 

The decommissioning dates of the German coal-fired power plants are thus exog-

enously specified for the model in the reference scenario.167 We have based this 

on the regulations of the KVBG.168 

For hard coal and lignite, the installed capacity in 2021 is still approx. 18 GW each 

and then falls to approx. 15 GW for lignite and approx. 11 GW for hard coal in 

2023, in accordance with the KWSB decision. In 2025, the market capacity of 

lignite plants will be approx. 15 GW and that from hard coal approx. 9 GW. The 

hard coal capacity indicated up to and including 2025 does not include the Weiher 

III and Bexbach power plants (which have been provisionally notified to the 

BNetzA for decommissioning), as they do not participate in the market. However, 

as the plants are legally expected to return to the electricity market at any time, 

 

167 In the two scenarios for "enhanced sector coupling", on the other hand, premature endogenous closures are 
permissible, since premature coal closures cannot be considered improbable, especially with the more ambi-
tious CO2 price developments assumed there (cf. also Sections 4.2and 4.3).  

168 The assumption that coal-fired power plants in Germany cannot be decommissioned due to a lack of eco-
nomic viability adequately reflects the current situation following the enactment of the KVBG, as compen-
sation payments for operators are forthcoming in the context of mutually agreed power plant decommis-
sioning. 
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they must be included in the target quantities for reducing coal-fired power gen-

eration in accordance with the KVBG.169 The capacity theoretically available to 

the market is thus approx. 1.4 GW above the figures in this report up to and in-

cluding 2025 (e.g. in Figure 3-1). By 2030, the installed capacity of hard coal-fired 

power plants declines further to just under 8 GW and for lignite to just under 9 

GW. According to the Nuclear Energy Phase-out Act, the installed capacity of nu-

clear energy is already completely off the grid in 2023. The flexibility options DSM 

(voluntary load reduction by industry), EPS (emergency power systems) and large-

scale battery storage are only being developed in Germany to a moderate but in-

creasing extent over time. The developed capacity of these flexibility options 

amounts to approx. 1.0 GW in 2021 and then increases to approx. 1.5 GW in 2025 

and further to approx. 2.3 GW by 2030. 

The base price (average hourly price of a year; average over all weather years 

2009-2013 and 2017) increases slightly over time, as shown in Figure 3-2, and is 

approximately €2020 50 per MWh in 2030.  

 

169 This procedure also represents the conservative approach from RA's point of view, as the output from these 
two power plants is not available to  the market in the simulation calculations, although in reality they can 
return to the market in the short term. 

FIGURE 3-2: DEVELOPMENT OF THE ANNUAL BASE PRICES IN GERMANY AVERAGED 
OVER ALL WEATHER YEARS IN THE REFERENCE SCENARIO                                                                                           

 

Source: Own calculations. 
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The annual peak load now (also in contrast to the first project report)  increases 

over time. This is mostly due to the addition of further sector coupling technolo-

gies in the form of PtH (electric heaters and large heat pumps) and PtG (PtH2 and 

PtG methane). As can be seen by the example of 2030 in Figure 3-3, the hour of 

the annual peak load is not a shortage situation on the electricity market, since at 

this particular hour a large amount of volatile  RE plants also feed into the grid. 

Even the maximum unplanned power plant outages of approx. 11.6 GW occurring 

in this hour, which occur in one of 350 Monte Carlo simulation hours of this hour 

in the context of the RA analysis, do not lead to a tight supply situation. The reason 

for this  is that the share of flexible electricity applications in the total load is com-

paratively high, although these reference loads could have been shifted at least 

partially. The overhead contact line trucks, which are operated in bivalent mode, 

also do not switch to diesel operation during this hour in order to reduce the 

power load on the grid. The annual peak load in 2030 is therefore an economic 

market result due to low electricity prices on the wholesale market and therefore 

not challenging in terms of meeting demand. 
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FIGURE 3-3: COMPARISON OF THE HOUR OF THE ANNUAL PEAK LOAD WITH THAT OF 
THE RESIDUAL ANNUAL PEAK LOAD; YEAR 2030; WEATHER YEAR 2010.  

 

 

Source: Own calculations. 

More decisive for the assessment of resource adequacy is the level of the residual 

peak load, which is also shown in the figure (right), which peaks at 72.6 GW in the 

1) The electricity consumption of the pump storages' pumps is not accounted for in the 
annual peak load and is shown here for information purposes only. The electricity con-
sumption of the pump storages' pumps is not accounted for in the annual peak load and 
is shown here for information purposes only. The amount is also not included in the total 
load. 

2) Only the flexible share of the heat pumps' electricity consumption is shown. 
3) Overhead-line trucks are hybrid trucks, which switch to diesel mode at high electricity 

prices. 
4) Only the share of electric vehicles with controlled charging is displayed. 
5) Volatile EE: wind, PV and run-of-river. 
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relevant weather year 2010. The residual annual peak load is defined as the max-

imum remaining load when the feed-in from volatile renewables is deducted (in 

comparison: the residual load at the time of the annual peak load is very low at 

just under 4 GW). 

The time of the residual annual peak load is thus characterised by a high propor-

tion of non-controllable (inflexible) load with simultaneously very low feed-in from 

volatile RE. Then, by definition, the load of the flexible new consumers is very low 

at this time. The smart charging part of the electric cars does not draw any power 

in this hour, the electric heat pumps are only operating to a very small extent and 

the overhead line trucks have switched to diesel operation. Thus, the inflexible 

load in this hour is almost equal to the total load. Even in this shortage situation, 

the maximum unplanned power plant outages of approx. 11.5 GW, (which occurs 

in one out of 350 Monte Carlo simulation hours of this hour in the RA analysis) do 

not lead to a load excess. 

Due to the assumptions regarding the technical lifetimes of the power plants, the 

replacement of decommissioned CHP plants (cf. Section 2.2), the coal phase-out 

according to the KVBG and the nuclear phase-out, the results take into account 

the following decommissionings and additions, which are exogenously given to 

the model (cf. Figure 3-4). 
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FIGURE 3-4: EXOGENOUSLY PREDICTED CUMULATIVE ADDITIONS AND 
DECOMMISSIONINGS COMPARED TO 2021 IN GERMANY  

 

Source: Own assumptions. 

In 2023, compared to 2021, we provide the model a total of about 18.7 GW for 

decommissioning and 3.1 GW of additions. The closures consist of 8.1 GW of nu-

clear energy, 3.0 GW of lignite, 6.6 GW of hard coal, 0.9 GW of natural gas & 

mineral oil and 50 MW of plants that are operated with other fossil fuels. The 

additions include 300 MW of CHP (each smaller than 1 MW) and 2.8 GW of nat-

ural gas CHP in industry and district heating supply. Cumulative decommissioning 

naturally continues to increase successively over time. They amount to approx. 

26.8 GW in 2025 and 38.7 GW in 2030. The cumulative exogenously specified 

expansion based on natural gas CHP also continues to increase over time. This 

amounts to approx. 10.3 GW in 2025 and approx. 14 GW in 2030. The exoge-

nously specified net capacity decline compared to 2021 thus amounts to approx. 

24.7 GW in 2030. 
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In contrast to the reference scenario from the first report, the decommissioning 

dates of the coal-fired power plants in Germany are exogenously specified in this 

report's reference scenario, in accordance with the KVBG.170 Accordingly, in the 

model, early closures for economic reasons in the reference scenario are only pos-

sible for gas and oil-fired plants. For these plants, the latest decommissioning 

dates are specified instead of exact decommissioning dates, in particular, with as-

sumptions on maximum technical service life.  

The power plant units can thus be decommissioned either earlier (disinvestment) 

or temporarily (cold reserve) in line with the model, if the economic operation of 

the plants is (temporarily) no longer ensured (cf. Figure 3-5). 171 

 

170 Cf. Section 2.2.2. 

171 For the model logic of temporary closures (cold reserve) and final closures, see r2b / Consentec (2019) Section 
3.2.2. 

FIGURE 3-5: EXOGENOUSLY PRESCRIBED VS ENDOGENOUS CUMULATIVE 
REDUCTIONS VS 2021 IN GERMANY 

 

Source: Own calculations. 
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In 2021, final endogenous closures are not allowed in the model.172 However, 4.9 

GW will be transferred to the cold reserve. By 2023, 0.9 GW will be decommis-

sioned exogenously due to specified technical lifetimes, and in addition there will 

be endogenous early decommissioning of approx. 4.3 GW. In the reference years 

2025 and 2030, there are also fewer natural gas and mineral oil-fired plants on 

the market due to the endogenous early closures. The decommissioned plants are 

open gas turbines and older gas-fired steam power plants. Modern CCGT power 

plants are not decommissioned endogenously. 

There will be no endogenous expansion of generation plants in Germany in the 

period up to 2030. Only a small number of flexibility options (voluntary load re-

duction by industry and emergency power systems) will be developed. The rea-

sons why no conventional generation plants will be built in Germany beyond the 

exogenous requirements are the extensive cross-border balancing effects and, in 

some cases, overcapacities in the foreign countries considered with capacity mar-

kets. 

3.1.2 Development of resources in the foreign electricity markets 

considered  

In the European countries under consideration (AT, CH, FR, GB, IT, LU, BE, DK, 

NL, PL, CZ, FI, SE, NO), the development of power plants is also characterised by 

a strong increase in the volatile feed-in of renewable energies, onshore and off-

shore wind energy and PV. In total, the installed capacity of volatile renewable 

energies (wind, PV, run-of-river) increases significantly from 211 GW in 2021 to 

407 GW in 2030.173 

 

172 Strictly speaking, the model would have shut down part of the cold reserve in 2021 already. However, while 
we allow temporary closures in the reference year 2021 in agreement with the BMWi, final closures are only 
allowed in the reference year 2023. Therefore, part of the natural gas cold reserve will be temporarily de-
commissioned in the reference year 2021 and then permanently in the reference year 2023. Irrespective of 
this, we do not include plants in the cold reserve in the downstream quantitative resource adequacy analyses 
to use a conservative approach. 

173 For detailed information on the development of renewable energy in the foreign countries under consider-
ation, see Section 2.3.4. 
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FIGURE 3-6: DEVELOPMENT OF THE CONVENTIONAL POWER PLANT FLEET IN THE 
FOREIGN COUNTRIES CONSIDERED (WITHOUT GERMANY) 

 

 

Source: Own calculations. 

The installed capacity of controllable renewables (storage, pumped storage and 

bioenergy) increases by about 13 GW over time between the years 2021 and 

2030 and amounts to 146 GW in 2030. Of these 146 GW, 115 GW are accounted 

for by storage and pumped storage plants and a further 31 GW by bioenergy 

plants. 

In contrast to renewable energies, the installed capacity of conventional power 

generation plants also decreases significantly over time in the other European 

countries considered. The installed capacity of power plants based on coal, natural 

gas, oil and other fossil fuels as well as nuclear power plants on the market still 

amounts to approx. 287 GW in 2021 and then declines continuously over time.174 

 

174  In addition, approx. 38 GW of these technologies are still in cold reserve in 2021, as the model is not allowed 
to prematurely decommission endogenously in the short term, i.e. in the first reference year 2021. The plants 
will be decommissioned in the next modelled year. 

*    Controllable RE: storage- and pump storage, biomass (incl. bio waste) and other RE. 
**  Volatile RE: wind, PV and run-of-river plants. 
***  Maximum over all six weather years incl. all flexibility options (excluding electricity for pumping) 
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In 2030, the installed capacity of conventional power plants is only about 216 

GW. The decline in the installed capacity of conventional power plants is partially 

compensated for by the slight increase in controllable RE capacity and the mod-

erate development of flexibility options in the form of emergency power systems 

(EPS) and voluntary load reduction by industry (DSM). The tapped capacity of 

these flexibility options plus the capacity of large-scale batteries amounts to ap-

prox. 3.6 GW in 2021 and increases to 17.4 GW by 2030. Compared to the first 

project report, there are differences. In particular, in the development of re-

sources due to more nuclear power capacity in France, fewer endogenous clo-

sures / cold reserves of coal and natural gas power plants in 2021 or the installed 

capacity of renewable energies in 2030, which are expanded significantly higher 

in this report, with approx. 553 GW, compared to 476 GW in the first report. 

Some of the developments in the conventional power plant fleets of the countries 

considered are based on exogenous model specifications for the technical service 

life, the maintenance of heat supply by CHP plants, political specifications for the 

construction or decommissioning of coal-fired power plants or nuclear power 

plants (cf. Section 2.2.1). These exogenous requirements are shown in Figure 3-7 

as changes compared to 2021. In contrast to the other technologies/fuels, only 

the net development of installed capacity is shown for nuclear energy. 
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FIGURE 3-7: EXOGENOUSLY SPECIFIED ADDITIONS AND DECOMMISSIONINGS IN THE 
CONVENTIONAL POWER PLANT FLEET OF FOREIGN COUNTRIES 
CONSIDERED FOR 2023, 2025 AND 2030 COMPARED TO  2021  

 

Source: Own assumptions. 

However, additional early closures (i.e. earlier than the exogenously set decom-

missioning) can also be carried out endogenously by the model in the foreign 

countries considered. For 2021, the given and conducted cumulative closures and 

cold reserves are shown in total for all the countries considered abroad in Figure 

3-8 for natural gas and mineral oil power plants as well as in Figure 3-9 for hard 

coal and lignite power plants. 
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FIGURE 3-8: EXOGENOUS VS. ENDOGENOUS CUMULATIVE REDUCTIONS OF NATURAL 
GAS AND MINERAL OIL POWER PLANTS IN THE FOREIGN COUNTRIES 
CONSIDERED FOR 2023. 2025 AND 2030 COMPARED TO 2021 

 

Source: Own calculations. 

In the case of the lignite-fired power plants in the foreign countries considered (in 

particular Poland and the Czech Republic), 2.8 GW will be placed in cold reserve 

in 2021 and then decommissioned endogenously, starting from 2023. In 2030, 

2.9 GW fewer lignite-fired power plants are on the market than exogenously 

specified due to endogenous decommissioning.  In the case of hard coal-fired 

power plants, approx. 19 GW will be placed in cold reserve in 2021 due to insuf-

ficient economic viability and approx. 15.5 GW will be decommissioned endoge-

nously in 2023. In 2030, only marginally (0.6 GW) fewer hard-coal-fired power 

plants will still be on the market than exogenously specified, as by then the ma-

jority of the endogenously decommissioned power plants would also have been 

decommissioned exogenously due to reaching the end of their technical lifetimes 

or due to political requirements known today. In the case of power plants based 

on natural gas and mineral oil, approx. 15.7 GW will initially be transferred to cold 

reserve in 2021.175  Then, in 2023, significant early endogenous closures take 

 

175  Here again, it must be taken into account that, in agreement with the BMWi, temporary closures are permit-
ted in the reference year 2020, but final closures can only take place in the reference year 2023. 
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place in the amount of approx. 24.8 GW, increasing to 25.8 GW by 2025. In 2030, 

the early endogenous closures then amount to around 27.6 GW.176 

FIGURE 3-9: EXOGENOUS VS. ENDOGENOUS CUMULATIVE REDUCTIONS OF COAL-
FIRED POWER PLANTS IN THE COUNTRIES UNDER CONSIDERATION FOR 
2023. 2025 AND 2030 COMPARED TO 2021 

 

 

Source: Own calculations. 

 

176  In the case of endogenous decommissioning, it should be noted that we have prohibited very short-term 
decommissioning in 2021 in the model for reasons of economic efficiency. The plants are then first trans-
ferred to the cold reserve and then decommissioned in the next forecast year 2023. Therefore, no final early 
endogenous closures are to be reported in 2021 - but considerable capacities are in cold reserve in 2021. 
For the applied des-/investment logic in the model, see r2b / Consentec (2019) Section 3.2.2. 
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Apart from the development of flexibility options in the form of voluntary load 

reductions by industry and emergency power plants (cf. Figure 3-6), there is no 

model-derived expansion of conventional power plants in the foreign countries 

considered in the reference scenario. 

This is an economic optimisation of the system through endogenous modelling in 

which market adjustment reactions take place: The mothballing of existing power 

plants with comparatively high fixed operating costs and simultaneous develop-

ment of flexibility options with significantly lower fixed operating costs thus lead 

to lower overall costs. The endogenous mothballing (cold reserves) in the coun-

tries considered (excluding Germany) amounting to approx. 37.5 GW and 4.9 GW 

in Germany are offset by newly developed flexibility options amounting to 4 GW 

in other European countries and 1 GW in Germany. In addition, there is still ex-

tensive potential available for voluntary load reduction by industry and emergency 

power systems in the entire region under consideration. In 2023, the developed 

capacities of these flexibility options correspond to just under 8 percent of the 

developable potentials of the entire region under consideration. Due to these sub-

stitution options, there are many different possible development paths that en-

sure a secure electricity supply. 

3.1.3 Classification of the reference scenario  

In model-based scenario generation, the expected market adjustment processes 

are analysed and simulated.177 These are necessarily idealised to a certain extent, 

in that an undelayed action by always rational market entities is made possible 

within the framework of the respective specifications. However, the extent of this 

idealisation is limited in order to take account of inertias and obstacles that exist 

in reality: 

• In the short term, the scenarios are largely determined by exogenous pa-

rameters based on extensive preliminary analyses. 

• Endogenous degrees of freedom only become relevant for later observa-

tion years, where sufficient lead times for adjustment processes are given. 

 

177  Cf. r2b / Consentec (2019) Section 3.2.2. 
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In the following, we provide a classification of the results in the form of a compar-

ison with scenarios of the German and European TSOs. For this purpose, we have 

compared the development of the installed capacity of all controllable generation 

plants (excluding run-of-river) and developed flexibility options as well as the vol-

atile renewable energies of the reference scenario with the "National Trends" sce-

nario of the Midterm Adequacy Forecast 2020 (MAF2020) of ENTSO-E for the years 

2025 and 2030 in Figure 3-10.178 

FIGURE 3-10:  DEVELOPMENT OF INSTALLED CAPACITIES FOR 2025 AND 2030 IN 
GERMANY COMPARED TO THOSE FROM THE "NATIONAL TRENDS" 
SCENARIO OF THE MIDTERM ADEQUACY FORECAST 2020  

 

 

Source: Own representation based on own calculations and ENTSO-E (2020d). 

The reference scenario developed in this study has a lower to equal installed gen-

eration capacity (incl. the flexibility options voluntary load reduction by industry 

 

178  The possibilities for comparison are limited due to limited data availability and partly different framework 
assumptions. Therefore, we have used a different aggregation of technologies / fuels here than in the cor-
responding figures in Chapters 5 and 6. 

*    Controllable RE: storage- and pump storage, biomass (incl. bio waste) and other RE. 
**  Volatile RE: wind, PV and run-of-river plants. 
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and emergency power systems as well as large batteries) compared to the ENTSO-

E scenarios. With 0.9 GW lower output of controllable resources in 2025 and in 

2030, the reference scenario represents a realistic to conservative development 

of the electricity supply system in Germany. 

FIGURE 3-11:  DEVELOPMENT OF INSTALLED CAPACITIES FOR 2025 AND 2030 IN THE 
14 COUNTRIES CONSIDERED (EXCLUDING GERMANY) COMPARED WITH 
THOSE FROM THE "NATIONAL TRENDS" SCENARIO OF THE MIDTERM 
ADEQUACY FORECAST 2020  

 

 

Source: Own representation based on own calculations and ENTSO-E (2020). 

A comparison of the foreign countries considered shows clearer differences in the 

installed capacities. This is presumably since in some cases considerable model-

endogenous decommissioning takes place in the model-based scenarios. With ap-

prox. 54 GW lower capacities of controllable resources in 2025 and approx. 61 

GW, the reference scenario represents a rather conservative development of the 

electricity supply system in the countries considered compared to ENTSO-E. This 

is based on the current market design and known developments in Europe. 

*    Controllable RE: storage- and pump storage, biomass (incl. bio waste) and other RE. 
**  Volatile RE: wind, PV and run-of-river plants. 
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3.2 Balancing effects in the common internal electricity market  

If, in accordance with the integration of the European internal electricity market, 

the electricity supply systems of several countries are considered simultaneously, 

there are balancing effects in the load and the feed-in of renewable energies. To-

gether, this represents the balancing effects of the residual load, as well as bal-

ancing effects in the case of unplanned unavailability of power plants. 

The balancing effects for load and residual load shown below are due to the fact 

that the annual peak load and the residual annual peak load do not occur at the 

same time in the countries under consideration.  

First of all, this is illustrated in Figure 3-12, where the times of the annual peak 

load for the forecast year 2025 (weather year 2010) are plotted as an example. 
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FIGURE 3-12: ILLUSTRATIVE REPRESENTATION OF THE TEMPORAL DISPARITY OF THE 
ANNUAL PEAK LOADS (FORECAST YEAR 2025; WEATHER YEAR 2010)  

 

Source: Own calculations;  

Colouring: Light blue: first half of winter; dark blue: second half of winter; yellow: summer. 

The balancing effects of the load are shown in Figure 3-13 by comparing the sim-

ultaneous annual peak load of all countries considered with the non-simultaneous 

annual peak load. The difference between these results in the balancing effect of 

the load, which is between 33 and 39 GW depending on the reference year. 
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FIGURE 3-13: LOAD BALANCING EFFECTS: SIMULTANEOUS VS. NON-SIMULTANEOUS 
ANNUAL PEAK LOAD OF ALL COUNTRIES CONSIDERED FOR 2023, 2025 
AND 2030 

 

Source: Own calculations; averaged over all 6 weather years. 

As the country with the highest electricity consumption, Germany contributes 

substantially to the simultaneous and non-simultaneous annual peak load. The 

maximum annual peak load in Germany over all six base years is approx. 90 GW 

in 2021 and then shows a slight upward trend over time. In 2023 it is approx. 92 

GW, in 2025 approx. 93 GW and in 2030 approx. 96 GW. 

The supply-dependent feed-in of renewable energies (wind, PV and run-of-river) 

lead to a further intensification of these balancing effects, as low feed-in levels 

neither occur simultaneously in all countries nor at the same time as the respective 

peak load. First, Figure 3-14 shows an example of the non-simultaneity of residual 
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annual peak load of the countries considered for the year 2025 (weather year 

2010). 

FIGURE 3-14: ILLUSTRATIVE REPRESENTATION OF THE NON-SIMULTANEITY OF 
RESIDUAL ANNUAL PEAK LOADS IN THE COUNTRIES CONSIDERED 
(FORECAST YEAR 2025; WEATHER YEAR 2010)  

 

Source: Own calculations; colouring: light blue: first half of winter; dark blue: second half of winter. 

In order to quantify the effect of non-simultaneity, in Figure 3-15 we compare the 

simultaneous residual annual peak load of all countries considered with the sum 

of the non-simultaneous residual annual peak loads. The difference represents the 

balancing effect of the residual load considered here, which amounts to between 

41 and 54 GW depending on the sample year. 
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FIGURE 3-15: BALANCING EFFECTS OF THE RESIDUAL LOAD: SIMULTANEOUS VS. NON-
SIMULTANEOUS RESIDUAL ANNUAL PEAK LOAD OF ALL COUNTRIES 
CONSIDERED FOR 2023, 2025 AND 2030 

 

Source: Own calculations; averaged over all 6 weather years. 

The absolute residual annual peak load in Germany (averaged over all six weather 

years) is approx. 78 GW in 2021 and then shows a slightly decreasing develop-

ment over time. In 2023 and 2025 it is approx. 77 GW and in 2030 approx. 75 

GW. 

Balancing effects exist not only regarding the (residual) annual peak load, but also 

reduce the effective risk from power plant outages to a considerable extent. The 

reason for this is that the simultaneous occurrence of high outages in several 

countries is less likely than in a national perspective. 
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In order to show the magnitude of this effect, we have evaluated the 350 simu-

lated annual series of hourly outages for the year 2023179 as an example. 

If, for example, the cumulative outage power, which is exceeded 20 % of the time, 

is determined for each country individually, and these country values are added 

up over all countries considered in the model, the result is a value of approx. 53 

GW. If this is compared with the distribution of the cumulative outage power over 

all modelled countries (in which the sum over all countries is formed hourly and 

thus simultaneity is taken into account), the value of 53 GW is exceeded only 

1.5 % of the time. 

The balancing effect is even stronger if one looks at the outage power per country, 

which is exceeded nationally only in 10 % (instead of 20 %) of the time. Their sum 

of 58 GW is exceeded only 0.02 % (instead of 1.5 %) of the time when viewed 

internationally. 

The relative advantage of the compensation effect, i.e. the relative reduction in 

the risk of exceeding a certain default power, therefore becomes greater the 

smaller the risk level is. In other words, the rarer (but potentially more serious) the 

cases become, the more the compensation effect reduces the residual risk. This is 

not a random effect of the concrete outage depiction, but a systematic effect that 

can be theoretically understood, for example, on the basis of normal distribu-

tions.180 

The above explanations show that the European balancing effects have a consid-

erable scope. Their benefit in terms of resource adequacy is that in times when a 

country (or a bidding zone) needs imports, countries with a current surplus of gen-

eration capacity can assist. This lowers the requirements for ensuring resource 

adequacy on the electricity markets compared to a purely national approach. Full 

utilisation of the balancing effects is only possible if corresponding cross-border 

 

179  The figures for the first project report were evaluated on the basis of the reference scenario. For other 
scenarios and years under consideration, balancing effects of the same magnitude occur. 

180  It should also be mentioned that more extreme cases than the 10% probability of exceedance mentioned 
above could not be meaningfully evaluated here. For if we determine, for example, the failure power that is 
exceeded per country in no less than 5 % of the time, we find that their sum does not occur at all in the total 
distribution of all countries (with compensation effect). This means that in more than 3 million simulated 
hours there was not a single one that exceeded this value in the sum of the failure power across all countries. 
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transport capacities are available. In view of the transport capacities that already 

exist today and the future considerable further grid expansion, a large part of the 

balancing effects can be used.  

The amount of cross-border assistance is limited in the RA model in two respects: 

firstly, the transport capacities of the transmission grid are taken into account181 

and secondly, assistance is only provided to the extent that no (additional) load 

excess occurs in the bidding zone providing assistance.182 

In practice, the provision of such cross-border assistance to the extent that is 

technically possible is to be expected since it is extremely lucrative for market 

players to supply them with electricity due to high market prices in the bidding 

zone with import demand.  

In the results of the RA analysis presented below, cross-border assistance is de-

scribed by a dedicated indicator, namely the import required to avoid load ex-

cess.183  

3.3 Results RA analyses  

Loss of Load Probability and Expected Energy Not Supplied 

The characterisation of the adequacy of resources is primarily based on the so-

called loss of load probability (LoLP). LoLP is given without units or as a percent-

age. It indicates the probability that not all consumers can be supplied via the 

electricity market according to their price preferences. The resource adequacy 

threshold derived as a RA standard in the first project report is formulated in terms 

of  𝐿𝑜𝐿�̂� = 0,06%.184 

 

181 Cf. r2b / Consentec (2019) Section 3.3.4. 

182 Cf. r2b / Consentec (2019) Section 3.3.6 including the discussion there on possible alternatives.  

183 Cf. r2b / Consentec (2019) Section 2.2.3. 

184 The threshold value can be interpreted as follows: If the threshold is exceeded by the power system under 
review for a future year, this is an indication that an economically efficient investment in generation or flex-
ibility resources has not been made, i.e. that the entities active in the electricity supply have not recognised 
the economic efficiency of such an investment in the current market environment, or at least have not ex-
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In addition to the LoLP, the Expected Energy Not Supplied (EENS) is shown below 

as a secondary indicator. This indicates the expected value of the demand energy 

that cannot be met on the electricity market and is expressed as an amount of 

energy (e.g. GWh) per year. 

Figure 3-16 shows the LoLP and EENS indicators for the four years under review. 

For reasons of clarity, the presentation is limited to those countries in which a 

value greater than zero occurs in at least one observation year, as well as Ger-

many/Luxembourg.185 

FIGURE 3-16: INDICATORS IN THE REFERENCE SCENARIO FOR COUNTRIES WITH 
RATIOS GREATER THAN ZERO AND GERMANY/LUXEMBOURG  

 

Source: Own representation.  

DE / LU form a common bidding zone in the electricity market, therefore DE results also apply to LU 

It can be seen that in the present study German consumers can be securely sup-

plied at all times. LoLP and EENS have values of zero in all years under review. 

This corresponds to a load balancing probability of 100 %. 

 

ploited it. This would entail the examination of measures provided for under section 51(4)(2) EnWG, in par-
ticular the examination of any remaining barriers and disincentives, as well as the examination of whether a 
later "settling" is expected through market adjustment processes.  

On the other hand, the further the loss of load probability is below the threshold, the more its costs would 
exceed the benefits on the consumer side (through avoided load excess). 

185 Some of the non-zero values are so small that they are hardly or not at all distinguishable from zero in the 
graphical representation. 
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Notable (but non-critical), LoLP and EENS values only occur for the UK (2021 and 

2030) and Norway (2021).186 The average level of load excess187 which can be 

determined from the ratio of EENS and LoLP, is approx. 0.75-1.5 GW.  

Required imports 

Figure 3-17 shows the level of imports to Germany/Luxembourg that are required 

to avoid loads excess. The representation is based on the maximum values of the 

required import capacity that occur in each simulated year. The height of the col-

umns per year under review indicates which maximum import occurs on average 

over all 2,100 simulation years.188 The "antennae" above the columns mark the 

import capacity that is not exceeded in any hour in 95 % of the simulation years. 

As a benchmark, the maximum possible import capacity is indicated in the form of 

black lines for each year under review, i.e. the theoretical largest possible import 

to Germany/Luxembourg from the grid perspective (cf. Section 2.8). 

FIGURE 3-17: REQUIRED* IMPORTS TO DE/LU IN THE REFERENCE SCENARIO  

 

Source: Own representation. Required imports to avoid load excess. Market imports may deviate from this. 

 

186 However, the result figures for abroad are subject to uncertainties due to their peripheral location in the 
model, cf. r2b / Consentec (2019) Section 3.2. 

187 Average load excess = 𝐸𝐸𝑁𝑆 (𝐿𝑜𝐿𝑃 ∙ 8760 ℎ/𝑎)⁄  

188 For an explanation of the concept of examining an observation year through many simulation years, see r2b 
/ Consentec (2019) Section 3.3.6. 
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Compared to the first report, it is noticeable that the required imports to Ger-

many/Luxembourg in the year under review 2021 decrease significantly com-

pared to the year 2020, which was considered there as the first. The reduction in 

the required imports compared to the first project report is due to various causes:  

• The corrected allocation of 3.3 GW of Austrian hydropower plants to the 

Germany/Luxembourg bidding zone  

• In the first report, an additional approx. 4 GW of CCGT in Germany was 

placed in cold reserve in the 2020 reference year 

• More ambitious RE expansion in Germany (i.e. lower residual load) 

From 2023 onwards, significant import capacities are required - at least in individ-

ual hours and depending on the combination of modelled uncertainties. These are 

higher than currently observed import maxima; for example, the maximum import 

capacity to Germany/Luxembourg in 2019 was approx. 11.7 GW.189 The reasons 

for this are, on the one hand, the fact that the range of uncertainties modelled in 

the RA analysis is wider than the range of situations that actually occurred in that 

year and, on the other hand, the decline in dispatchable generation capacity in 

Germany discussed in Section 3.1.1 

However, the maximum import power required for resource adequacy is consist-

ently significantly below the respective maximum import capacity. The gap even 

increases over time because due to the grid expansion the import capacity in-

creases more than the required import power.  

Imports are also only required for a short period of time to the extent shown here: 

the average required import energy - that is the annual integral over the hourly 

required import power - is less than 0.1 % of gross electricity consumption in all 

years under review.190 

The temporary necessity of imports to ensure resource adequacy is in line with 

the concept of the internal electricity market and is related to the intended use of 

 

189 Source: Own evaluation based on data from smard.de 

190 Imports in the context of the RA analyses are not market imports, as imports in the RA model always repre-
sent the last option for load coverage after all domestic options have been exhausted. The market imports 
therefore differ from those in the RA analyses. 
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balancing effects (cf. Section 3.2). Consequently, this by no means only concerns 

Germany/Luxembourg. Rather, necessary imports occur in all countries consid-

ered, i.e. mutual assistance takes place. The import power, which is not exceeded 

in any hour in 95 % of the simulation years (corresponding to the "antennae" in 

Figure 3-17) is (depending on the year under review) for example approx. 8 to 

14 GW for France, approx. 4 to 9 GW for Belgium and approx. 4 to 6 GW for the 

Netherlands. While the values for most countries increase over the period under 

review, a downward trend can be observed in France. 

As mentioned above, the level of imports to Germany/Luxembourg required for 

resource adequacy is to be considered low compared to the (future) existing grid 

capacity. It should be noted, however, that certain preparations must nevertheless 

be made for the stronger role of cross-border balancing effects in the future. First, 

this relates to the examination and, if necessary, implementation of measures to 

realize the exchange capacities required by the EU Electricity Market Regulation 

(and assumed in this study), while maintaining grid security.191 Second, prepara-

tions should be made for international exchange patterns192 that are already per-

missible today (within the framework of the allocation of cross-border transmis-

sion capacities) but are still unusual in practice. This concerns not only temporarily 

higher imports to Germany, but also, for example, increased exports from Italy. In 

this context, adjustments to operational planning processes, but also grid-related 

measures, such as the installation of equipment for reactive power control, may 

be necessary.193 

Leeway status  

The two essential indicators for the assessment of the RA level, LoLP and EENS, 

refer to those situations (hours) in which load excess occurs. For a more general, 

qualitative assessment of the RA level, it is also of interest how “far away” the 

 

191  Cf. r2b / Consentec (2019) Section 3.3.4. 

192    The total import capacities to Germany/Luxembourg already amounted to approx. 14 GW in 2016 (without 
the Austrian border, which was still integrated at that time and for which a further 4.9 GW is to be added 
with the introduction of separate congestion management from 1.10.2018). 

193 A contribution to preparing for future changes in electricity trading patterns is already provided by the annual 
grid reserve demand analyses carried out by the German TSOs. 
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power supply system is from load excess in the remaining hours, i.e. to what ex-

tent there is leeway for which no load excess would occur even in the case of 

more serious events than those explicitly modelled in the stochastic simulation. 

For example, there is more leeway in an hour in which domestic conventional gen-

eration capacity is not fully used than in an hour in which it is. There is even less 

leeway in an hour in which import is required to avoid a load excess. 

The evaluation of the required imports presented in the previous subsection is 

thus already an important building block for the general assessment of the RA 

level. However, it is limited to hours with import requirements. In the following, a 

generalised classification is made by means of which a so-called leeway status can 

be assigned to all simulation hours. The principle of such a classification is based 

on a similar evaluation of the Pentalateral Energy Forum.194 For the concrete clas-

sification, however, we use the fact that in the RA analysis carried out here, the 

level of imports required to avoid load excess can be determined. On this basis, 

for a bidding zone under consideration, each simulation hour is assigned one of 

the statuses listed in the following table. 

Table 3-1: CLASSIFICATION FOR THE EVALUATION OF THE LEEWAY STATUS  

 

194 Cf. PLEF (2018), p. 58f. 

195 At first glance, it might seem obvious to separate hours with export as a separate category from hours with-
out any export or import. However, it cannot be clearly determined in the simulation result whether the 
occurrence of an export from a certain bidding zone A was mandatory in a given simulation hour. This is 
because the export results from the necessary import of (at least) another bidding zone B in order to avoid 

 

Classification in  

ascending criticality 

Description 

A 
Neither required import nor export or 195 

export with remaining free conventional capacity 

B Export and no free remaining conventional capacity 

C Required import without load excess 

D Load excess 
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Source: Own representation. 

The export hours are differentiated exclusively according to free conventional ca-

pacity, i.e. flexibilities with energy quantity restrictions (e.g. storage power plants) 

are not taken into account. This is a conservative definition, as of course in prin-

ciple these flexibilities can also contribute to load coverage and thus increase the 

leeway in relation to the RA level. However, given the limited storage volume, it 

is not unambiguous to what extent the capacity of these resources can be at-

tributed to individual hours. If, for example, the storage content in three consec-

utive hours is sufficient for one full load hour, then full power could be generated 

in each of these three hours, but not in all three hours. 

The following two diagrams show the result of the evaluation of the leeway status 

of Germany/Luxembourg for the four years under review. In each diagram, the 

365 days of the year are plotted from left to right. For each day, the colours show 

how the simulation hours of that day are distributed among the categories of the 

leeway status according to Table 3-1. Each day is based on 50,400 data points (24 

hours, 6 weather years, 350 simulation years each). 

 

or reduce loss of load there. However, it could be that, as an alternative to A, a third bidding zone C could 
also provide the export to B. In such an hour, some kind of export  is necessary, but not necessarily an ex-
port from A. Thus, one cannot clearly differentiate between a situation without import or export and a situ-
ation with export (because this could possibly be taken over alternatively by another bidding zone).  

Hours in which conventional capacity is fully exhausted during export (category B) are nevertheless shown 
in order to be able to mark the frequency of this exhaustion. Due to the aforementioned indifference, this is 
an upper estimate of the frequency with which domestic conventional capacity must be exhausted in order 
to help out other bidding zones. 
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FIGURE 3-18: STATISTICAL DISTRIBUTION OF THE LEEWAY STATUS OF DE/LU IN THE 
REFERENCE SCENARIO, YEARS UNDER REVIEW 2021 AND 2023  

 

 

Source: Own representation. Categories A to D according to Table 3-1 
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FIGURE 3-19: STATISTICAL DISTRIBUTION OF THE LEEWAY STATUS OF DE/LU IN THE 
REFERENCE SCENARIO, YEARS UNDER REVIEW 2025 AND 2030  

 

 

Source: Own representation. Categories A to D according to Table 3-1 

In 2021, as already discussed, there is practically no import required, so that visu-

ally only category A is perceived. In 2023, significant proportions of hours with 

required import (category C) only occur in the winter half-year. The highest value 

is 29 %, i.e. there is one day in the year on which the probability of an import 

requirement is 29 %. However, the vast majority of hours in 2023 are still those 

with free conventional power and/or no need for exports or imports (Category A). 

Category B hours, in which the conventional capacity is fully utilised by cross-

border assistance (export), are very rare, and hours with load excess do not occur, 

as in all years under review. 

In 2025 and 2030, the distribution of leeway status is similar to that for 2023. In 

2030, the highest daily share of hours with import demand (category C) is 31%. 
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Technical resource adequacy (including strategic reserves) 

In order to estimate the technical resource adequacy (as distinct from the resource 

adequacy on the electricity market, cf. Section 1.5), we carry out a variant calcu-

lation in which we additionally take into account the possibility of using strategic 

reserves (such as the German capacity reserve) in the RA analysis model stage. By 

considering strategic reserves only in this model stage, we take account of the 

fact that strategic reserves have no repercussion on the market and therefore play 

no role in the investment calculus (which is simulated in the model stage of the 

electricity market simulation). 

For the modelling of the strategic reserves, we assume that they are only used in 

the event of a market-related load excess in the respective bidding zone and that 

in such a case they are used after all market segments have been closed. They 

thus only reduce the load excess of their own bidding zone. In the RA analysis 

model, this is implemented in such a way that the determined load excess per 

simulation hour can be reduced in a subsequent step up to the level of the respec-

tive assumed strategic reserve. Only simulation hours in which this is sufficient to 

reduce the load excess to zero then still make a contribution to the technical prob-

ability of load excess. 

We have parameterised the amount of strategic reserves in the four countries or 

bidding zones in which they occur as follows: Firstly, in the sense of a "what if" 

analysis, it is taken into account that in principle an extension of the authorisation 

beyond the current authorisation periods is conceivable. Secondly, it is assumed 

as a plausible (rough) estimate that the current level of the strategic reserve (cf. 

Section 2.1) remains constant in each case. The numerical values used are shown 

in the following table. 

Table 3-2: ASSUMPTIONS ON THE LEVEL OF STRATEGIC RESERVES (2021-2030) IN 
THE VARIANT CALCULATION FOR TECHNICAL RESOURCE ADEQUACY  

DE/LU BE FI SE 

2,000 MW 0 MW 611 MW 562 MW 
 

Source:  Own representation. 



 

 

r2b energy consulting GmbH / Consentec GmbH / Fraunhofer ISI / TEP Energy GmbH   148 
 

As there is no load excess in Germany/Luxembourg in the reference scenario, the 

use of the capacity reserve is not necessary under the assumptions made. In Swe-

den and Finland, the simulation shows that the strategic reserves there can reduce 

the (low) LoLP and EENS values determined for the year of review 2021 by ap-

proximately one order of magnitude and reduce the even lower values to zero in 

later years of review (here only Sweden). 

3.4 Interim summary of results for the reference scenario  

The reference scenario represents the approach of a best-guess analysis.196 Cur-

rent developments and political framework conditions in Germany and Europe are 

depicted. The output and thus the electricity generation of nuclear power plants 

and coal-fired power plants decline and are replaced in Germany and Europe by 

the expansion of renewable energies with simultaneous flexibilisation of the elec-

tricity supply system. To ensure public heat supply and process heat supply 

through CHP plants, coal-fired CHP plants in Germany and Europe are essentially 

being replaced by natural gas-fired CHP plants. Overcapacities197 of fossil-fuelled 

power plants are being reduced in Germany and Europe with temporal inertia 

within the framework of market adjustment processes. The controllable conven-

tional generation capacity in Germany and Europe is decreasing over time as na-

tional markets continue to grow together and with the use of balancing effects. 

The RA analysis for the reference scenario shows that the RA level on the elec-

tricity market in Germany remains very high throughout the entire period under 

consideration until 2030. German consumers can be reliably supplied at all times 

in the present study. The calculated loss of load probability (LoLP) has an amount 

of zero in the entire observation period from 2021 to 2030. 

The very high RA level determined is due to the causes already discussed in the 

first project report: 

 

196 The calculations for this report were carried out from 15.09.2020, so that the "best-guess" scenario refers 
to the information situation between the end of April and the end of August 2020, as the research / updates 
for this 2nd project report were carried out during this period. 

197 See footnote 19. 
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• Due to the balancing group and balancing energy system, there are high 

incentives for suppliers to meet their delivery obligations. It is rational for 

market players to hedge against potentially very high balancing energy 

prices by contracting sufficient generation and/or flexibility capacity, 

which directly or indirectly triggers corresponding investment incentives. 

• The electricity supply system currently has overcapacities. There are cer-

tain inertias in market adjustments by reducing these overcapacities 

through the decommissioning of existing plants for economic reasons. 

• New capacities are also created through the replacement of CHP plants to 

maintain the heat supply and through the subsidised addition of RE plants. 

• Capacity markets abroad (here considered: France, Great Britain, Poland 

and Italy) create new overcapacities, which also positively influence the 

RA level in Germany in the market.198 

• In the internal electricity market, there are considerable balancing effects 

in the load and feed-in of renewable energies as well as in the case of un-

planned unavailability of power plants. 

• Finally, there is great potential for flexibilisation of consumption (including 

"new" consumers and a large capacity of economically developable flexi-

bility options in the area of voluntary load reduction in industry), CHP and 

bioenergy, as well as emergency power systems. 

These causes for the consistently high RA level are partly substitutive: A weaken-

ing or even an elimination of one cause does not call the RA level into question 

but would be compensated in the electricity market by adjustment reactions else-

where. Due to these substitution possibilities, there are many possible develop-

ment paths that ensure a secure electricity supply. 

 

 198 However, without capacity markets abroad (cf. considered sensitivity ""EOM - no capacity markets" in Sec-
tion 4.1), the adequacy of resources in Germany also remains consistently high. 
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4 Sensitivities  

Starting from the reference scenario, we calculated various sensitivities (alterna-

tive scenarios to the reference) in order to quantify the effects of deviating as-

sumptions on the development of the electricity supply system and the resulting 

changes in the respective downstream RA analyses in terms of "what-if analyses". 

In doing so, we carried out three sensitivity calculations: 

1) Hypothetical sensitivity "EOM - no capacity markets" 

2) Sensitivity "Increased Sector Coupling - Price Scenario: TYNDP Distrib-

uted Energy" 

3) Sensitivity "Increased Sector Coupling - Price Scenario: WEO Sustainable 

Development" 

The first hypothetical sensitivity examines how the absence of capacity mecha-

nisms in Europe affects resource adequacy in Germany and the development of 

resources - i.e. which adjustment reactions of the markets would be expected 

without them. In contrast, the two sensitivities on "Increased Sector Coupling" 

examine how resource adequacy develops and affects the development of re-

sources in the case of increased coupling of the electricity, heat and transport 

sectors in two different energy price scenarios199 that are alternative to the refer-

ence, as well as a more ambitious European RE expansion. The assumed energy 

price scenarios are characterised by a more ambitious CO2 price path. Since more 

ambitious CO2 price developments improve the economic viability of CO2-free 

electricity generation from renewables (in deviation from the reference scenario), 

the endogenous early closure of coal-fired power plants in Germany and Poland 

with long-term contracts in the capacity market is also permitted.200 Due to the 

more ambitious CO2 price path, the RE expansion in Europe is also based on the 

more ambitious TYNDP "Distributed Energy" scenario in the two sensitivities for 

"Increased Sector Coupling" instead of the "Stated Policies" scenario on which the 

 

199 Energy price scenario is defined in this context as the prices for primary energy sources and CO2 allowances 
on which the scenario is based. 

200  However, this does not abstract from the Polish capacity market as in the "EOM" sensitivity. 
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European RE expansion in the reference scenario is based. The RE expansion in 

Germany, on the other hand, was not adjusted in the sensitivities. The following 

figure shows the expansion of renewable energies in the foreign countries con-

sidered for the two sensitivities for "Increased Sector Coupling". 

FIGURE 4-1: EXPANSION OF RENEWABLE ENERGIES IN THE FOREIGN COUNTRIES 
TAKEN INTO ACCOUNT IN THE SENSITIVITIES FOR "INCREASED SECTOR 
COUPLING”  

 

Source: Own representation. 

The two different alternative energy price scenarios to the reference for the two 

sensitivities to "Increased Sector Coupling" are presented in the respective spe-

cific Sections 4.2and 4.3 

4.1 Hypothetical sensitivity: "EOM - no capacity markets".  

4.1.1 Sensitivity characterisation  

In the hypothetical sensitivity "EOM - no capacity markets", we have deviated from 

the reference scenario and fictitiously assumed that the comprehensive capacity 

markets considered in the reference scenario do not exist in France, Great Britain, 
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Poland and Italy.201 The use of strategic reserves, such as the German capacity 

reserve, is also abstracted from in the quantitative RA analyses in this hypothetical 

scenario. The EU Electricity Market Regulation, which does not yet provide a legal 

basis for this monitoring, requires in Article 24 (in conjunction with Article 23) that 

resource adequacy shall be examined with and without the existing capacity mar-

kets. In the context of this project, this sensitivity serves exclusively to show 

whether and to what extent resource adequacy in Germany is influenced by for-

eign capacity markets and what market adjustment reactions would result without 

these instruments. 

4.1.2 Results of electricity market simulations  

In this section, we show how the assumption of pure energy-only markets (EOM), 

which differs from the reference scenario, affects the development of power 

plants and the development of flexibility options on the electricity market in Ger-

many as well as on the electricity markets in the other countries considered. First, 

Figure 4-2 shows the differences in the development of the installed capacity of 

the German power plants and the development of flexibility options compared to 

the reference scenario.202 

 

201 This also abstracts from long-term contracts already concluded with large-scale power plants, so that in the 
hypothetical sensitivity EOM, these (can) be shut down prematurely by model endogeneity if they are not 
economical. 

202 In Germany, no changes result in the sensitivity "EOM" in the reference year 2021, as no comprehensive 
capacity mechanism is installed in Germany. For the foreign countries considered (some with comprehensive 
capacity mechanisms), the resulting adjustments in the first reference year 2021 are also shown (cf. Figure 
4-4). 
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FIGURE 4-2: ABSOLUTE AND DIFFERENTIAL ANALYSIS OF THE DEVELOPMENT OF 
RESOURCES IN GERMANY: SENSITIVITY "EOM" VS. REFERENCE SCENARIO  

 

 

Source: Own calculations. 

The assumption of an EOM in all the countries studied has only a very minor effect 

on the installed power plant capacity in Germany in the simulation calculations. 

The installed capacity based on natural gas in 2023 is approx. 0.1 GW above the 

capacity in the reference scenario. In addition, in the forecast years 2023, 2025 

and 2030, approx. 0.3 to 0.4 GW more flexibility options are developed in the 

form of voluntary load reduction by industry and emergency power systems. 
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The annual base price averaged over all weather years (2009-2013, 2017) in-

creases slightly over time, as shown in Figure 4-3, and is €2020 50.6 per MWh in 

2030. Compared to the reference scenario, the base price in the sensitivity is min-

imally higher in all sample years. 

FIGURE 4-3: DEVELOPMENT OF THE BASE PRICE IN GERMANY AVERAGED OVER ALL 
WEATHER YEARS IN THE REFERENCE SCENARIO AND IN THE "EOM" 
SENSITIVITY  

 

Source: Own calculations. 

The effects of the assumption of an EOM in all countries considered on the de-

velopment of flexibility options as well as the development of power plants in the 

foreign countries considered are shown in Figure 4-4. 
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FIGURE 4-4: DIFFERENTIAL ANALYSIS OF THE DEVELOPMENT OF RESOURCES IN THE 
CONSIDERED FOREIGN COUNTRIES: SENSITIVITY "EOM" MINUS 
REFERENCE SCENARIO  

 

Source: Own calculations. 

In the foreign countries considered in this hypothetical sensitivity, significantly 

more coal-fired power plants are prematurely decommissioned endogenously 

compared to the reference scenario. The coal capacity on the market in 2021 is 

approx. 10.3 GW below the capacity in the reference scenario. This is almost en-

tirely due to additional closures in Poland, where, in deviation from the reference 

scenario, power plants (coal) that are bound in the Polish capacity market in the 

reference scenario may also be closed.203 In the first reference year 2021, the 

model prohibits endogenous closures for economic reasons, which is why this ca-

pacity is initially transferred to the cold reserve. Over time, the reduced capacity 

of the coal-fired power plants decreases compared to the reference scenario, as 

coal-fired plants also leave the market there. The additional capacity of coal-fired 

power plants in the reference scenario decreases continuously and amounts to 

only 6.7 GW in 2023, then 5.9 GW in 2025 and finally only approx. 2 GW in 2030. 

 

203  In the reference scenario, the model-endogenous decommissioning of power plants in Poland that have a 
contract in the capacity market is prohibited. 
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In 2023, approx. 1.5 GW more flexibility options are developed, and the natural 

gas capacity is approx. 300 MW above that of the reference. In addition, in 2030 

there are approx. 1 GW more natural gas power plants on the market compared 

to the reference scenario. Furthermore, in 2023 and 2025 there are approx. 0.4 

GW fewer lignite-fired power plants on the market in Poland than in the refer-

ence. 

Up to and including 2023, as much as 1.5 GW more flexibility options will be de-

veloped in the form of voluntary load reduction by industry and emergency power 

systems than in the reference. In contrast, in 2030 approx. 3.6 GW less of these 

flexibility options will be developed in the EOM when the British and French ca-

pacity markets have expired or no longer have any effect.204 

4.1.3 Results RA analyses  

Loss of Load Probability and Expected Energy Not Supplied 

Figure 4-5 compares the LoLP and EENS values of the sensitivity "EOM - no ca-

pacity markets" with those of the reference scenario. As in the discussion of the 

reference scenario, for reasons of clarity the presentation is limited to those coun-

tries in which a value greater than zero occurs in at least one year under review. 

To facilitate the comparison, the scaling of the y-axes for the reference scenario 

was adapted to the range of values of the sensitivity results. 

 

204 We have assumed that the contracts for large power plants in the context of central comprehensive (market-
wide) capacity markets continue to have an effect for 5 years after the expiry of the respective capacity 
market. 
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FIGURE 4-5: LOLP AND EENS IN SENSITIVITY "EOM - NO CAPACITY MARKETS" FOR 
COUNTRIES WITH RATIOS > 0 COMPARED TO THE REFERENCE SCENARIO  

 

Source: Own representation.  

Germany and Luxembourg form a common bidding zone in the electricity market, therefore DE results also apply to 

LU. 

The LoLP values of the sensitivity continue to be zero for Germany/Luxembourg 

in the period under consideration until 2025, corresponding to a load balancing 

probability of 100 %. For 2030, a very low LoLP of 0.00015 % is determined. This 

is a factor of 400 below the threshold value of 0.06 % derived as the RA standard 

in the first project report and corresponds to a load balancing probability of 

99.99985%. 

In Norway and the UK, the minor LoLP and EENS values observed in the reference 

basically remain at similar levels in the sensitivity, with the exception of an in-

crease (but still at a low level) in the UK in the year under review 2025. One reason 

for this could be the modelled abandonment of the capacity market in the electri-

cally neighbouring country France. 



 

 

r2b energy consulting GmbH / Consentec GmbH / Fraunhofer ISI / TEP Energy GmbH   158 
 

An increase in LoLP would also be plausible for Poland due to the modelled dis-

continuation of the capacity market there. However, the increase seems surpris-

ingly high (especially in 2030) because at the end of the period under considera-

tion, an at least satisfactory level of RA could be expected due to the endogenous 

modelling of investment incentives in the electricity market model (cf. Section 

1.5).  

An analysis of the detailed results of the two model stages, electricity market 

model for scenario generation and RA model for determining the RA indicators, 

shows that the combination of several effects plays a role here, which cause the 

RA level determined for Poland to be significantly less robust than the results for 

Germany/Luxembourg. 

First, model accuracy is lower at the peripheries of the observation area than in 

Germany, which is the focus of this study. This applies in particular to the model-

ling of electricity exchanges between the core region (Germany and its neighbour-

ing countries, Scandinavia, Great Britain, and Italy) and the neighbouring coun-

tries, the so-called satellite regions.205 In the electricity market model, the ex-

change with satellite regions (in the case of Poland: Slovakia and Lithuania) is de-

termined using price elasticities and NTCs for import/export capacities. In the 

subsequent RA analysis, the exchange per weather year and year under review is 

fixed to the temporal profile determined in this manner. However, in the RA anal-

ysis, due to the independent modelling of the stochastic power plant unavailabili-

ties (350 year simulations per weather year and year under review), a high import 

demand from a satellite region to a border country of the core region can occur in 

different hours than in the electricity market simulation. The lack of flexibility in 

the RA model for imports from satellite regions can thus lead to an overestimation 

of resource scarcity in the border country (here: Poland). However, it is also con-

ceivable that an overestimation of the import possibilities from satellite regions 

can occur in the electricity market model, since corresponding resources in the 

satellite regions are assumed to be available at this point in time. This leads to a 

 

205 In the electricity market simulations for scenario generation, the Iberian Peninsula with its interconnectors 
to France was mapped as an additional core region due to the high dependencies between the French and 
German electricity markets. 
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reduced overall robustness of the RA results in peripheral countries with neigh-

bouring satellite regions, whereby it is open whether the net effect leads to an 

overestimation or underestimation of the RA level there. This parameterisation 

without a priori specification of a trend is a deliberate model decision: Alterna-

tively, it would be possible to assume the feasibility of importing from the satellite 

regions at the level of the respective NTC at any time. However, this would clearly 

overestimate the RA level in the peripheral countries, since an unlimited availabil-

ity of resources in the satellite regions would be implicitly assumed. Variant cal-

culations based on interim results have shown that such a release of possible im-

ports from satellite regions is sufficient to reduce the LoLP determined for Poland 

significantly - namely below the threshold value of 0.06% proposed for Germany. 

Secondly, at the interface between the two model levels, a compromise is required 

with regard to the model depth of time-variable flexibilities including dynamic sec-

tor coupling technologies. In the RA model, these flexibilities are aggregated more 

strongly than in the electricity market model. A conservative approach was chosen 

for the conversion required for this in order to avoid overestimating the effect of 

such flexibilities in the RA analysis. 

And thirdly, a broader distribution of power plant unavailability in all bidding zones 

is modelled in the RA model.206 This means that larger amounts of unavailable 

generation capacity are simulated than in the electricity market model, although 

these are included in the results with a correspondingly lower probability of oc-

currence. Similarly, lower unavailabilities than in the electricity market model are 

also modelled, so that the unavailabilities in the RA model and the electricity mar-

ket model are the same on average. For most bidding zones, the broader distribu-

tions of unavailability taken into account have only a minor impact on the ability 

to cover load, because higher unavailability in the domestic market can very likely 

be compensated by lower unavailability abroad or at least by sufficient available 

generation capacity abroad overall. A simultaneous occurrence of high unavaila-

bility in many bidding zones, is, as realistically considered in the RA model, so rare 

 

206 The modelling of a lower stochasticity of power plant unavailabilities in the electricity market model is nec-
essary to limit the complexity to an extent that is still technically manageable for the electricity market model 
with justifiable computing times. 
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that it hardly affects the results in terms of LoLP. This is the result of the balancing 

effects mentioned previously. In Poland, however, the constellation is unique in 

that in the RA model the import capacity from countries of the core region (with-

out satellite countries, see above) is significantly lower there than in the other 

bidding zones of the core region, especially in relation to the respective levels of 

load. As a result, in the RA model, during simulation hours with high local power 

plant unavailability, although sufficient foreign resources would most likely be 

available for back-up, grid restrictions can cause that the back-up cannot always 

be imported to Poland in the required amount to prevent load excess. The rela-

tively low cross-border transmission capacities thus prevent a full use of balancing 

effects here. 

To summarise, the high LoLP values for Poland determined in this sensitivity are 

the result of a generally lower robustness of the results in peripheral countries of 

the observation area with adjacent satellite regions, and two effects due to ad-

justments required at the interface of the two model stages. The latter two con-

tribute to an overall conservative parameterization of the model chain and thus to 

an underestimation of the RA level due to different modelling focus and depth in 

the two model stages.  

Required imports 

The maximum import capacities to Germany/Luxembourg required to avoid load 

excess remain practically the same compared to the reference scenario (Figure 

4-6). Their slight decrease is consistent with the slight increase in resources in 

Germany (cf. Section 4.1.2). 
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FIGURE 4-6: REQUIRED* IMPORTS TO DE/LU IN SENSITIVITY "EOM - NO CAPACITY 
MARKETS".  

 

Source: Own representation.  

Required imports to avoid load excess. Market imports may deviate from this. 

Overall, the RA level on the electricity market in Germany remains very high 

throughout the entire observation period until 2030, even in this sensitivity, and 

German consumers can be securely supplied at practically any time. 

Leeway status 

Analogous to the reference scenario, we also evaluate the leeway status for this 

sensitivity, which indicates how far the electricity supply system is still "away" 

from load excess in the remaining hours (cf. introduction in Section 3.3, subsection 

"Leeway status "). The following two diagrams show the result of the evaluation 

of the leeway status of Germany/Luxembourg for the four years under review. In 

each diagram, the 365 days of the year are plotted from left to right. 
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FIGURE 4-7: STATISTICAL DISTRIBUTION OF THE LEEWAY STATUS OF DE/LU IN 
SENSITIVITY "EOM - NO CAPACITY MARKETS", FOR THE YEARS 2021 AND 
2023  

 

 

Source: Own representation. Categories A to D according to Table 3-1 
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FIGURE 4-8: STATISTICAL DISTRIBUTION OF THE LEEWAY STATUS OF DE/LU IN 
SENSITIVITY "EOM - NO CAPACITY MARKETS", FOR THE YEARS 2025 AND 
2030  

 

 

 

Source: Own representation. Categories A to D according to Table 3-1 
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The results differ only slightly from the reference scenario in purely visual terms, 

which is consistent with the small change in required imports (see above). In order 

to make the load excess occurring in 2030, which leads to a very low LoLP value 

greater than zero in the sensitivity in this year, recognisable in this representation, 

a sectional enlargement is shown in Figure 4-8, in which only the first percentile, 

i.e. the lowest "edge" of the diagram above is shown. Even in this hundredfold 

magnification, category A occupies only a very small part of the diagram area. This 

illustrates the low probability of the occurrence of a load excess. 

Detailed analysis of (simulation) hours with loss of load in Germany/Luxembourg 

Despite this low probability of occurrence, it may be of interest to characterise in 

more detail the situations with load excess in Germany/Luxembourg that occur in 

the simulation for 2030. For example, the question arises as to how high the im-

port power is in such situations and from which foreign bidding zones the corre-

sponding exports are provided. 

The import power in hours with load excess in Germany/Luxembourg is at least 

16 GW below the maximum import capacity. Its median is about 20 GW below 

the maximum import capacity, which is yet significantly lower. This indicates that 

load excess in Germany/Luxembourg occurs primarily in situations with transna-

tional momentary resource scarcity and not due to limited grid capacity. 

Cluster analysis can be used to determine the typical pattern of cross-border 

power exchanges for simulation hours with load excess in Germany/Luxembourg, 

which is shown in the following figure.207 

 

207  For this purpose, the net positions (export or import balances) of all bidding zones are represented as a vector 
for each hour with load excess. Then the vector that best characterises the group of all vectors is determined. 
First, a so-called k-means clustering is carried out. Then the real vector is determined that lies closest to the 
calculated cluster centre. The Euclidean distance of the net position vectors is used as a criterion for this. 
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FIGURE 4-9: TYPICAL EXCHANGE PATTERN IN SITUATIONS WITH LOAD EXCESS IN 
GERMANY/LUXEMBOURG IN SENSITIVITY "EOM - NO CAPACITY 
MARKETS".  

 

Source: Own representation.  

In hours with load excess in Germany/Luxembourg, it is typically Belgium, Great 

Britain and the Netherlands that import at the same time as Germany/Luxem-

bourg, while the other countries provide exports. 

Technical resource adequacy (including strategic reserves) 

In this sensitivity, in contrast to the reference scenario, a non-zero LoLP occurs in 

Germany/Luxembourg. It has a non-critical level. Nevertheless, we quantify the 

technical resource adequacy for this sensitivity. 

Using the capacity reserve, the LoLP in Germany/Luxembourg can be reduced by 

more than one order of magnitude from the already very low initial level. This is 

practically equivalent to zero having regard to the model accuracy.  
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4.2 Sensitivity: "Increased Sector Coupling - Price Scenario: 

TYNDP Distributed Energy".  

4.2.1 Sensitivity characterisation  

In this sensitivity, we examine an accelerated market penetration of technologies 

for sector coupling within the framework of the energy price scenario assumed in 

the "Distributed Energy" scenario of the TYNDP 2020 of ENTSO-E and RE expan-

sion in the foreign countries considered. The energy price scenario is character-

ised by a more ambitious CO2 price path compared to the reference in combina-

tion with a price development for natural gas comparable to the reference, but 

significantly higher prices for hard coal imports to Europe. The RE expansion in 

other European countries is also more ambitious than in the reference scenario.208 

In the following figure, the developments of the primary energy source and CO2 

prices of this sensitivity are compared with those of the reference.209 

 

208  For a presentation of the identical RE expansion in the two scenarios for "increased sector coupling" in the 
foreign countries considered compared to that of the reference scenario, cf. Section 4. 

209 No price paths are given for crude oil in the TYNDP. For this scenario, we have taken the prices for light and 
heavy heating oil directly from the TYNDP 2020. Since crude oil as well as light and heavy heating oil only 
play a very minor role in Europe's electricity supply systems, they are not considered separately here. 
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FIGURE 4-10: ENERGY PRICE SCENARIOS: REFERENCE VS. SENSITIVITY 
"INCREASED SECTOR COUPLING TYNDP - DISTRIBUTED 
ENERGY".  

 

Source: Own representation based on forward prices natural gas: EEX (2020a), forward prices coal: CME 

Group (2020b), forward prices EUA: EEX (2020b), WEO19: IEA (2019), TYNDP2020: ENTSO-E (2020); 

own conversion of original values in €2020 per MWhth as European wholesale prices without surcharges 

for transport or similar. 
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The technologies for sector coupling considered in this study are, on the one hand, 

so-called "new consumers" (cf. Section 2.5.4) electromobility (< 3.5 t), overhead 

line trucks, electric heat pumps in Germany and the foreign countries considered 

in the private household and tertiary sector. On the other hand, the large-scale 

PtX technologies large-scale heat pumps, e-heaters and power-to-gas in Germany 

and Europe gain importance in such a scenario in the context of decarbonisation 

of further sectors (besides electricity generation). Furthermore, based on the ap-

proved scenario framework of the NDP 2021-35, we have assumed additional 

electricity consumption for the "digitalisation and decarbonisation of trade and 

industry".  

The faster ramp-up of the sector coupling technologies described above is driven 

by the increasing competitiveness and market maturity of electrified technologies 

in the heat and transport sectors in such an energy price scenario, as well as na-

tional (subsidies) policies in the field of residential, commercial and industrial PtX 

applications.  

The sensitivity for electric mobility (<3.5 t), electric heat pumps and overhead line 

trucks is mapped based on increasing market penetration. The following assump-

tions were made: 

• Electromobility (<3.5 t): The framework for additional market penetration 

is compliance with the fleet limits. By 2025, there will be an increase of 

440,000 vehicles compared to the reference development, as it is assumed 

that the infrastructure is not yet substantially better developed by 2025. 

By 2030, the number of the fleet finally increases to 9.4 million (compared 

to 4.5 million in the reference). 

• Heat pumps: The main framework conditions for the additional market 

penetration of installed heat pumps are the heating demand of the build-

ings, the age of the heating systems and the availability of trained crafts-

men. This is reflected by the mapping of path dependencies and by a cer-

tain system inertia. For the year 2030, this leads to t 4.9 million heat pumps 

(compared to 4.5 million in the reference). 

• Overhead Line Trucks: The increasing expansion of OH trucks infrastruc-

ture is also accompanied by an increasing use of the infrastructure, as this 
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is necessary for economic viability. An additional increase in the fleet of 

OH trucks is assumed to a total of 72,600 in 2030 (compared to 66,000 in 

the reference). 

These assumptions result in an increase in German electricity demand of 2.5 TWh 

for the year 2025 and 14.7 TWh for the year 2030. 

FIGURE 4-11: SENSITIVITY "ACCELERATED SECTOR COUPLING": DEVELOPMENT OF 
ELECTRICITY DEMAND FROM ELECTROMOBILITY (<3.5T), HEAT PUMPS 
AND OVERHEAD LINE TRUCKS (OH TRUCKS)  

 

Source: Own representation. 

In addition to these sector coupling technologies, the electricity quantities of 

newly planned large-scale electricity consumers were also taken into account. 

These are the electricity consumption of planned projects in industry and com-

merce that focus on the increasing digitalisation of processes and decarbonisation 

measures and have a connected load greater than 5 MW. The data basis for this 

is based on the consumption group "decarbonisation and digitalisation in industry 

and commerce" of the approved scenario framework 2021-2035 of the network 

development plan for electricity. 

The data collection for this consumption group was carried out by the distribution 

system operators and the validation was carried out by the assigned transmission 

system operators. The data for the individual projects are available differentiated 
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according to the following parameters: Status of implementation, time of commis-

sioning, reported electricity consumption, reported nominal load and an assess-

ment of the project realisation probability.  

The consumption group "decarbonisation and digitalisation in industry and com-

merce" involves the consideration of additional electricity consumption that is not 

explicitly mapped via the endogenous decision logic of the energy demand model 

and thus flows exogenously into the balancing. The estimate for this sensitivity is 

based on scenario B of the network development plan for electricity and leads to 

an additional electricity consumption of 8 TWh in 2030. 

The sensitivities of electric mobility (<3.5 t), heat pumps, overhead line trucks and 

additional decarbonisation and digitalisation efforts were also mapped for the 

neighbouring countries, under consideration of using faster market penetration or 

analogy conclusions. In line with the study of the reference, the structural differ-

ences in the individual countries were taken into account. Thus, a consistent set 

of framework parameters was used as a basis for the sensitivity analysis for the 

sector coupling technologies already established today. 

Increased electricity consumption is also assumed for the conversion sector in the 

sensitivity. The main sector coupling technologies in the conversion sector are  

large-scale PtX technologies, large-scale heat pumps and electric boilers for inte-

gration into the district heating supply as well as power-to-gas plants for the pro-

duction of hydrogen or methane. 

In the reference scenario, we have largely based our assumptions on the develop-

ment of these technologies on scenario B of the approved scenario framework of 

the grid development plan 2021-35 and the "National Hydrogen Strategy" (NHS) 

of the German government (cf. Section 2.5.2). For the sensitivity "Accelerated sec-

tor coupling", on the other hand, we base the assumptions on scenario C of the 

approved scenario framework of the network development plan 2021-35, consid-

ering the NHS.210 The assumptions were adjusted as follows: 

 

210 As the approved scenario framework of the network development plan 2021-35 only shows the year 2035, 
the data for the year 2030 was interpolated or assumptions were made for the ramp-up of the technologies. 
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• Power-to-heat (PtH) in district heating: For the capacity development of 

PtH in the form of large-scale heat pumps and electric boilers in large-scale 

heat supply, we have assumed an accelerated expansion according to sce-

nario C of the NDP 2021-35.  

• Power-to-gas: For power-to-methane and power-to-hydrogen (hydro-

gen), we have also based the capacity development on scenario C of the 

NDP 2021-35 and the NHS, while assuming an accelerated expansion af-

ter 2030. Until 2030, the development of installed capacity is assumed to 

be identical - however, we assume higher utilisation rates due to the higher 

RE expansions compared to the reference.  

Table 4-1 shows the assumptions for the two sensitivities for "Increased Sector 

Coupling" compared to the assumptions for large-scale PtX technologies used in 

the reference scenario. 

Table 4-1: DEVELOPMENT OF INSTALLED CAPACITIES AND ELECTRICITY 
CONSUMPTION OF LARGE-SCALE PTX TECHNOLOGIES IN 2030: 
REFERENCE VS. SENSITIVITIES FOR "ENHANCED SECTOR COUPLING"  

Technology Reference 
Sensitivities for  

"Increased Sector Coupling" 

PtG 
5 GW 5 GW 

10.7 TWh 16.5 TWh 

PtH 
4.3 GW 5.7 GW 

12.2 TWh 14.2 TWh 
 

Source: Own representation. 

In total, the electricity consumption for large-scale PtX technologies in the sensi-

tivities for increased sector coupling is about 8 TWh above the reference sce-

nario. No further adjustments have been made in the conversion sector. 

The total gross electricity consumption in Germany in this sensitivity is approx. 

615 TWh in 2030 - compared to the reference scenario, the electricity consump-

tion in this sensitivity is thus approx. 33 TWh higher. 
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In order to establish consistency with the changed assumptions for the sector 

coupling technologies, we have adjusted the predefined development of the pub-

lic heat demand to be covered by conventional CHP plants ('heat scenario') in Ger-

many. While the reference scenario prescribes the achievement of the target of 

the 'National Energy and Climate Plan' (NECP) of 30 % renewable heat in district 

heating in 2030, this was increased to 35 % in the two sensitivities for 'enhanced 

sector coupling'.211 The extra 5 % is made up of additional heat from the PtH sec-

tor coupling technologies large heat pumps and electric heaters as well as an in-

creased expansion of solar thermal and geothermal energy. The additional RE heat 

reduces the necessary heat supply from fossil uncoupled generation (heat gener-

ation from gas boilers) by the same amount. The total district heating demand and 

the district heating from CHP plants are thus the same in both scenarios (see Fi-

gure 4-12). We also assume that the incentive structure of the CHP Act changes 

in the long term so that CHP plant operators are encouraged to operate flexibly 

according to market price signals. We have implemented this by reducing the sub-

sidised full utilisation hours for new plants by 2.5% annually from 2025. With heat 

extraction from CHP power plants remaining unchanged, this will lead to a slightly 

higher capacity expansion of CHP power plants by 0.8 GW in 2030. 

 

211  For the reference scenario, see Section 2.2.3. 
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FIGURE 4-12: CHANGED STRUCTURE OF HEAT GENERATION IN DISTRICT HEATING  

 

Source:  Own representation based on research and calculations. 

4.2.2 Results of electricity market simulations  

In this section, we show how the assumptions of an increased market penetration 

of sector coupling technologies, an alternative energy price scenario and a more 

ambitious RE expansion in the countries considered affect the development of the 

power plants and the development of flexibility options on the electricity market 

in Germany and on the electricity markets in the other countries considered. First, 

Figure 4-13 shows the development of the installed capacity of German power 

plants and the development of flexibility options in comparison with the reference 

scenario. 
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FIGURE 4-13: ABSOLUTE AND DIFFERENTIAL ANALYSIS OF THE DEVELOPMENT OF 
RESOURCES IN GERMANY: SENSITIVITY "INCREASED SECTOR COUPLING - 
TYNDP" VS. REFERENCE SCENARIO  

 

 

Source: Own calculations. 

Compared to the reference scenario, the capacity of lignite-fired power plants in 

2023 is already approx. 3.3 GW lower. This is due to the lower economic effi-

ciency of lignite-fired power plants compared to the reference scenario because 

of the comparatively highest CO2 intensity of all relevant primary energy sources 
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with significantly higher CO2 price developments - with the consequence of 

model-endogenous closures for economic reasons. In 2025, the reduction in lig-

nite output will then be approx. 5.4 GW. In 2030, the installed capacity of lignite-

fired power plants in this sensitivity is identical with the reference scenario. In the 

case of hard coal, the sensitivity shows that in 2025 there would be approx. 1 GW 

and in 2030 approx. 6 GW less capacity on the market than in the reference. This 

is also attributable to model-endogenous closures due to the more ambitious CO2 

price path and significantly higher prices for hard coal compared to the reference 

scenario. Opposite effects can be seen in the case of natural gas-fired power 

plants and the flexibility options of voluntary load reduction by industry and emer-

gency power systems. Thus, the additional capacity from natural gas-fired power 

plants in the sensitivity scenario amounts to approx. 200 MW in 2025 and approx. 

1.6 GW in 2030. In the flexibility options, approx. 500 MW more are developed 

compared to the reference in 2023, just under 1 GW in 2025 and approx. 2 GW 

in 2030. In addition, the annual peak load in 2030 is a roughly 102 GW, approx. 6 

GW above the annual peak load in the reference scenario.212 

However, this increase in the annual peak load does not represent a shortage sit-

uation. As shown in Figure 4-14 the feed-in of volatile technologies in this hour is 

just under 93 GW and the sector coupling technologies have comparatively high 

loads. Since the output of the sector coupling technologies is higher in the sensi-

tivity, the annual peak load also increases here compared to the reference. 

 

212  For an analysis of the situations of annual peak load and residual annual peak load, see Section 3.1.1 
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FIGURE 4-14: COMPARISON OF THE COMPOSITION OF THE LOAD AT THE TIME OF THE 
ANNUAL PEAK LOAD BETWEEN SECTOR COUPLING SENSITIVITY AND 
REFERENCE SCENARIO IN GERMANY; YEAR 2030; WEATHER YEAR 2010 

 

  

Source: Own calculations. 

1) The electricity consumption of the pump storages' pumps is not accounted for in the 
annual peak load and is shown here for information purposes only. The electricity con-
sumption of the pump storages' pumps is not accounted for in the annual peak load and 
is shown here for information purposes only. The amount is also not included in the total 
load. 

2) Only the flexible share of the heat pumps' electricity consumption is shown. 
3) Overhead-line trucks are hybrid trucks, which switch to diesel mode at high electricity 

prices. 
4) Only the share of electric vehicles with controlled charging is displayed. 
5) Volatile EE: wind, PV and run-of-river 
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The changed assumptions in this sensitivity also have an impact on electricity 

prices. The annual base price, averaged equally over all weather years, increases 

over time, as shown in Figure 4-15, and is €2020 71.5 per MWh in 2030. Compared 

to the reference scenario, the base price in the sensitivity is about €2020 21 per 

MWh higher in 2030. This is due to the assumptions on the development of fuel 

and CO2 prices as well as the higher electricity consumption due to increased sec-

tor coupling. 

FIGURE 4-15: DEVELOPMENT OF THE ANNUAL BASE PRICE IN GERMANY AVERAGED 
OVER WEATHER YEARS IN THE REFERENCE SCENARIO AND IN THE 
SENSITIVITY "INCREASED SECTOR COUPLING - TYNDP DISTRIBUTED 
ENERGY".  

 

Source: Own calculations. 

The effects of the assumptions of increased sector coupling, an alternative energy 

price scenario and a more ambitious RE expansion in the foreign countries con-

sidered on the development of power plants and the development of flexibility 

options on the electricity market in the countries considered (excluding Germany) 

are shown in Figure 4-16. 
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FIGURE 4-16: COMPARISON OF THE DEVELOPMENT OF RESOURCES BETWEEN 
SENSITIVITY “INCREASED SECTOR COUPLING” AND REFERENCE SCENARIO 
IN THE FOREIGN COUNTRIES CONSIDERED  

 

Source: Own calculations. 

Also, in the foreign countries considered, more hard coal capacities are closed 

prematurely endogenously compared with the reference. In 2023, the shortfall in 

output from hard coal is about 8.4 GW, in 2025 it is another 8.1 GW, and in 2030 

it is 3.2 GW. This is largely due to the more ambitious CO2 price path. This also 

contributes to the fact that natural gas power plants become more economical in 

terms of sensitivity compared to hard coal and lignite, which in combination with 

the higher gross electricity consumption (due to increased sector coupling) leads 

to higher installed capacities of natural gas power plants and a higher develop-

ment of flexibility options. The additional capacity from natural gas-fired plants 

amounts to approx. 8.4 GW in 2023, approx. 10.8 GW in 2025 and almost 14 GW 

in 2030. The additional flexibility options developed compared to the reference 

add up to about 2.5 GW by 2025 and about 4 GW by 2030. In addition, about 

300 MW more lignite capacity remains on the market in the reference year 2023. 
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In total, across Germany and all other countries considered, the effects of an in-

creased sector coupling are rather moderate. The controllable capacity in the en-

tire model region (i.e. incl. Germany) is approx. 13 GW above that of the reference 

scenario in 2030. 

4.2.3 Results RA analyses  

Loss of Load Probability  

Figure 4-17 compares the LoLP values of the sensitivity "Increased sector cou-

pling - price scenario: TYNDP Distributed Energy" with those of the reference 

scenario. Again, for reasons of clarity, the representation is limited to those coun-

tries in which a value greater than zero occurs in at least one year under consid-

eration, as well as Germany/Luxembourg.  

FIGURE 4-17: LOLP IN THE SCENARIO "INCREASED SECTOR COUPLING - PRICE 
SCENARIO: TYNDP DISTRIBUTED ENERGY" FOR COUNTRIES WITH 
VALUES > 0 AND GERMANY/LUXEMBOURG COMPARED TO THE 
REFERENCE SCENARIO  

 

Source: Own representation.  

Germany and Luxembourg form a common bidding zone in the electricity market, therefore DE results also apply to 

LU. 

In Germany/Luxembourg, a very small non-zero LoLP of less than 0.0001% is de-

termined for 2023. In the year under review 2030, a LoLP of 0.0013 % occurs. 

This is more than a factor of 40 below the threshold 𝐿𝑜𝐿�̂� of 0.06% derived as the 

RA standard in the first project report and corresponds to a load balancing prob-

ability of at least 99.9986% over the entire period under review. 

Abroad, the values remain largely stable. Only in Belgium and the Netherlands are 

there increases in LoLP to a still non-critical level in the year 2030. 
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The reason for the rather limited change in LoLP is that although demand is in-

creased in this sensitivity compared to the reference scenario, this is largely ac-

counted for by flexible consumers. The slightly decreasing total capacity of flexi-

ble resources, that is endogenously obtained in the model, therefore does not 

have to compensate for a rigid, but rather a temporally highly flexibilised increase 

in demand. The stable or, in some countries, only slightly increasing LoLP values 

show that this represents an appropriate adjustment of capacities.  

Required imports 

The maximum import power to Germany/Luxembourg required to avoid load ex-

cess increases significantly compared to the reference scenario (Figure 4-18). 

However, even in this sensitivity, it is consistently well below the maximum import 

capacity. The gap remains roughly the same over time because due to the grid 

expansion the import capacity increases just as much as the required import 

power. 

FIGURE 4-18: REQUIRED* IMPORTS TO DE/LU IN SENSITIVITY "INCREASED SECTOR 
COUPLING - PRICE SCENARIO: TYNDP DISTRIBUTED ENERGY".  

 

Source: Own representation.  

Required imports to avoid load excess. Market imports may deviate from this. 

The average required import power also increases compared to the reference sce-

nario (where it is below 0.1 % of gross electricity consumption in the entire period 

under review), but remains low (Table 4-2). 
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Table 4-2:  AVERAGE REQUIRED IMPORT ENERGY OF DE/LU RELATED TO GROSS 
ELECTRICITY CONSUMPTION IN SENSITIVITY "INCREASED SECTOR 
COUPLING - PRICE SCENARIO: TYNDP DISTRIBUTED ENERGY".  

2021 2023 2025 2030 

<0.01% 0.22% 0.28% 0.34% 
 

Source:  Own representation  

Overall, the RA level on the electricity market in Germany remains very high 

throughout the entire period under review until 2030, even in this sensitivity, and 

German consumers can be securely supplied at practically any time. 

Leeway status 

For this sensitivity, we again evaluate the leeway status, which indicates how far 

the electricity supply system is still "away" from load excess in the remaining hours 

(cf. introduction in Section 3.3, subsection "Leeway status "). The following two 

diagrams show the result of the evaluation of the leeway status of Germany/Lux-

embourg for the four years under review. In each diagram, the 365 days of the 

year are plotted from left to right. 
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FIGURE 4-19: STATISTICAL DISTRIBUTION OF THE LEEWAY STATUS OF DE/LU IN 
SENSITIVITY "INCREASED SECTOR COUPLING - PRICE SCENARIO: TYNDP 
DISTRIBUTED ENERGY", YEARS UNDER REVIEW 2021 AND 2023   

 

 

Source: Own representation. Categories A to D according to Table 3-1 
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FIGURE 4-20: STATISTICAL DISTRIBUTION OF THE LEEWAY STATUS OF DE/LU IN 
SENSITIVITY "INCREASED SECTOR COUPLING - PRICE SCENARIO: TYNDP 
DISTRIBUTED ENERGY", YEARS UNDER REVIEW 2025 AND 2030   

 

 

 

Source: Own representation. Categories A to D according to Table 3-1 
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The increase in required imports observed in this sensitivity compared to the ref-

erence scenario (see above) is reflected in the leeway status in larger shares of 

hours with import requirements (category C). In contrast to the reference sce-

nario, such hours are now also clearly visible in the summer months from the year 

under review 2023 onwards, although the probability of import demand in these 

periods always remains below 10 %. The highest probabilities for import demand 

again occur in winter and amount to between 44 % (2023) and 51 % (2030) in this 

sensitivity compared to 29 % to 31 % in the reference scenario. 

In order to identify the load excess occurring in 2030, which leads to a very low 

LoLP value greater than zero in the sensitivity, Figure 4-20 shows a section en-

largement in which only the first percentile (i.e. the lowest "edge" of the diagram 

shown above it) is depicted. Even in this hundredfold magnification, category A 

occupies only a very small part of the diagram area. This illustrates the low prob-

ability of the occurrence of load excess even in this sensitivity. 

Detailed analysis of (simulation) hours with load excess in Germany/Luxembourg 

Despite this low probability of occurrence, it may also be of interest with this sen-

sitivity to characterise in more detail the situations with load excess in Ger-

many/Luxembourg that occur in the simulation for 2030 (and even more rarely 

for 2023). 

The import power in hours with load excess in Germany/Luxembourg is at least 

12 GW below the maximum import capacity from a grid perspective. Their median 

is approx. 17 GW (2023) and 16 GW (2030) below the respective maximum im-

port capacity and thus again significantly lower. As with the previously discussed 

sensitivity, this indicates that load excess in Germany/Luxembourg occurs primar-

ily in situations of momentary resource scarcity across countries and not due to 

limited grid capacity. 
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The following figure shows the typical patterns of cross-border power exchanges 

for simulation hours with load excess in Germany/Luxembourg, which were de-

termined using cluster analysis.213 Positive values mean export, negative values 

mean import. 

FIGURE 4-21: TYPICAL EXCHANGE PATTERNS IN SITUATIONS WITH LOAD EXCESS IN 
GERMANY/LUXEMBOURG IN SENSITIVITY "INCREASED SECTOR 
COUPLING - PRICE SCENARIO: TYNDP DISTRIBUTED ENERGY“  

 

Source: Own representation.  

In the year under review 2023, there is typically a simultaneous import demand 

to Belgium and France in hours with load excess in Germany/Luxembourg. 

In the year under consideration 2030, France is typically among the exporting, i.e. 

assisting countries in hours with a load excess in Germany/Luxembourg, while 

Great Britain, the Netherlands and again Belgium import at the same time as Ger-

many/Luxembourg. In contrast to the previously discussed sensitivity, two differ-

ent groups of exchange patterns can be distinguished. These differ primarily in 

 

213  For methodology see footnote 207. 
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terms of the level of imports from Germany/Luxembourg and Great Britain and 

the power export of France. 

Technical resource adequacy (including strategic reserves) 

Although the level of LoLP values determined in this sensitivity for Germany/Lux-

embourg is not critical, we again quantify the technical resource adequacy. 

Using the capacity reserve, the LoLP in Germany/Luxembourg can be reduced by 

more than a factor of six from the already very low initial level. 

4.3 Sensitivity: "Increased sector coupling - price scenario: WEO 

Sustainable Development".  

4.3.1 Sensitivity characterisation  

In this sensitivity, compared to the first sensitivity for "increased sector coupling" 

with TYNDP prices, the energy price scenario of the "Sustainable Development" 

scenario of the WEO 2019 is now used. Compared to the reference, this is char-

acterised by an even more ambitious CO2 price development than the first sector 

coupling sensitivity, while the prices for natural gas are slightly below those of the 

reference and the first sector coupling sensitivity. The hard coal price in this sen-

sitivity is also slightly below the price path of the reference scenario and very 

clearly below the prices of the sensitivity based on TYNDP 2020 Distributed En-

ergy. The price development for primary energy and CO2 certificates in this sen-

sitivity is compared with that of the reference scenario in the following figure.214 

 

214 Since crude oil as well as light and heavy heating oil now play only a very minor role in Europe's electricity 
supply systems, no separate consideration is given here. 
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FIGURE 4-22: COMPARISON OF ENERGY PRICE SCENARIOS: REFERENCE VS. 
SENSITIVITY "INCREASED SECTOR COUPLING WEO - SUSTAINABLE 
DEVELOPMENT 

 

 

 

Source: Own representation based on: Forward prices natural gas: EEX (2020a), forward prices coal: CME Group 

(2020b), forward prices EUA: EEX (2020b), WEO19: IEA (2019), TYNDP2020: ENTSO-E (2020); own conversion 

of original values in €2020 per MWhth as European wholesale prices without surcharges for transport or similar. 
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Consumption in the PtX areas of the conversion sector as well as those of the new 

consumers, i.e. electromobility, electric heat pumps and overhead line trucks, are 

unchanged compared to the first sensitivity to "increased sector coupling".215 

In this sensitivity, additional incentives for decarbonisation and digitalisation in 

industry and commerce are created by the significantly more ambitious CO2 price 

path. Based on the estimation of the consumption group "decarbonisation and 

digitalisation in industry and commerce" of the Grid Development Plan for Elec-

tricity, this sensitivity assumes a higher probability of realisation of planned pro-

jects and associated capacity expansions, which are oriented towards Scenario C 

of the Grid Development Plan for Electricity. 

This leads to an additional electricity consumption of 12.8 TWh in 2030. Consid-

ering the electricity quantities of the sensitivity of the price scenario "TYNDP Dis-

tributed Energy" (8 TWh in 2030), this leads to a total electricity consumption of 

20.8 TWh in 2030 for the consumption group "decarbonisation and digitalisation 

in industry and commerce". 

The gross electricity consumption in Germany in this sensitivity is 628 TWh in 

2030.  Compared to the reference scenario, the electricity consumption in this 

sensitivity is approx. 47 TWh higher and approx. 14 TWh higher than in the first 

sensitivity for increased sector coupling. 

The expansion of renewable energies in the foreign countries considered corre-

sponds to that of the first sensitivity for "Increased sector coupling" and thus to 

the "Distributed Energy" scenario of the TYNDP 2020.216 The expansion of re-

newable energies in Germany also corresponds to that of the reference scenario 

in this sensitivity.217 

 

 

215 Cf. Section 4.2. 

216 Cf. Section 4.2. 

217 Cf. Sections 2.3.1and 2.3.2 
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4.3.2 Results of electricity market simulations  

In the second sensitivity for "increased sector coupling", the assumptions on elec-

tricity consumption, the energy price scenario and the RE expansion abroad, 

which vary compared to the reference, also lead to market adjustment reactions 

in the European electricity market model. This results in differences in the devel-

opment of power plants and the development of flexibility options. In Figure 4-23 

we first present the effects of the varied assumptions on German power plants 

and the development of flexibility options in Germany. 
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FIGURE 4-23: ABSOLUTE AND DIFFERENTIAL ANALYSIS OF THE DEVELOPMENT OF 
RESOURCES IN GERMANY: SENSITIVITY "INCREASED SECTOR COUPLING - 
WEO SD VS. REFERENCE SCENARIO“ 

 

 

 

Source: Own calculalations. 
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The repercussions of the changed assumptions on power plants and the develop-

ment of flexibility options are significant in this sensitivity. In particular, the sig-

nificantly higher prices for CO2 emissions and the moderately developing price for 

hard coal have an impact on the economic viability of lignite-fired power plants in 

this sensitivity. The reduction in lignite output compared to the reference is ap-

prox. 5.6 GW in 2023, just over 14 GW in 2025 and approx. 8.7 GW in 2030. In 

the case of hard coal, there is a slight reduction in output compared to the refer-

ence scenario due to early closures for economic reasons. At the same time, there 

are fewer endogenous closures of natural gas power plants (excluding CHP), as 

well as earlier natural gas replacements for the coal-fired CHP plants that were 

closed prematurely for endogenous reasons compared to the reference scenario. 

In 2023, there is approx. 1.9 GW more natural gas capacity on the market. At the 

same time, approx. 100 MW less flexibility options are developed in 2023. In 2025 

and 2030, the capacity of natural gas power plants increases further compared to 

the reference. In 2025, the additional capacity compared to the reference is ap-

prox. 3.1 GW and approx. 4 GW in 2030. The exploited capacity from flexibility 

options is also above the reference. In 2025, the additional capacity from emer-

gency power systems and voluntary industrial load reduction compared to the 

reference scenario is approx. 1.8 GW and in 2030 approx. 2.3 GW. 

In addition, the annual peak load in this sensitivity rises to approx. 104 GW in 

2030, which again (as in the reference scenario) does not represent an RA-critical 

situation, but is market-driven. This means that the annual peak load in the second 

sensitivity for enhanced sector coupling is again approx. 1.4 GW above that of the 

first sensitivity for increased sector coupling. A comparison of the hourly peak 

load in the reference scenario and this sensitivity is shown in the following fig-

ure.218 

 

218 For a comparison of the hourly annual peak load with that of the  residual annual peak load, see Section 
3.1.1 



 

 

r2b energy consulting GmbH / Consentec GmbH / Fraunhofer ISI / TEP Energy GmbH   192 
 

FIGURE 4-24: COMPARISON OF THE COMPOSITION OF THE LOAD AT THE TIME OF THE 
ANNUAL PEAK LOAD BETWEEN SECTOR COUPLING SENSITIVITY AND 
REFERENCE SCENARIO IN GERMANY; YEAR 2030; WEATHER YEAR 2010  

 

 

Source: Own calculations. 

1) The electricity consumption of the pump storages' pumps is not accounted for in the 
annual peak load and is shown here for information purposes only. The electricity con-
sumption of the pump storages' pumps is not accounted for in the annual peak load and 
is shown here for information purposes only. The amount is also not included in the total 
load. 

2) Only the flexible share of the heat pumps' electricity consumption is shown. 
3) Overhead-line trucks are hybrid trucks, which switch to diesel mode at high electricity 

prices. 
4) Only the share of electric vehicles with controlled charging is displayed. 
5) Volatile EE: wind, PV and run-of-river 
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The changed assumptions in this sensitivity also have an impact on electricity 

prices. The base price averaged over all weather years increases over time, as 

shown in Figure 4-25, resulting in €2020 82.1 per MWh in 2030. Compared to the 

reference scenario, the base price in the sensitivity scenario is approximately €2020 

32 per MWh higher in 2030. This is due to the assumptions on the development 

of fuel and CO2 prices as well as the higher electricity consumption due to in-

creased sector coupling. Thus, the price in the second sensitivity for increased 

sector coupling is again almost €2020 10 per MWh above that of the first sensitivity 

for increased sector coupling, which is due to the even more ambitious CO2 price 

path. 

FIGURE 4-25: DEVELOPMENT OF THE ANNUAL BASE PRICE IN GERMANY AVERAGED 
OVER ALL WEATHER YEARS IN THE REFERENCE SCENARIO AND IN THE 
SENSITIVITY "INCREASED SECTOR COUPLING - WEO SUSTAINABLE 
DEVELOPMENT“  

 

Source: Own calculations. 

In Figure 4-26, we present the effects of enhanced sector coupling with WEO 

price scenario on the development of power plants in the other countries consid-

ered as well as the development of flexibility options. 
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FIGURE 4-26: COMPARISON OF THE DEVELOPMENT OF RESOURCES BETWEEN THE 
SENSITIVITY "INCREASED SECTOR COUPLING - WEO SUSTAINABLE 
DEVELOPMENT" AND THE REFERENCE SCENARIO IN THE FOREIGN 
COUNTRIES CONSIDERED (EXCLUDING GERMANY)  

 

Source: Own calculations. 

In the foreign countries considered there are more comprehensive market adjust-

ment reactions within the framework of the second sensitivity to "increased sec-

tor coupling". On the one hand, the changed assumptions also lead to an increased 

number of coal-fired power plants being closed prematurely endogenously in the 

European countries. In 2023, compared to the reference, approx. 6.6 GW more 

hard coal-fired power plants will be closed prematurely for economic reasons. In 

2025, the capacity from hard coal plants is reduced to approx. 5.8 GW and an 

additional 2.8 GW of lignite-fired power plants will be shut down prematurely. In 

2030, the capacity from hard coal plants is only approx. 900 MW and that from 

lignite approx. 4.2 GW below that of the reference scenario. On the other hand, 

the changed assumptions for "increased sector coupling" lead to improved eco-

nomic efficiency of natural gas-fired plants combined with fewer endogenous 

premature closures and, from 2025 onwards, to greater development of flexibility 

options. Thus, the additional capacity of natural gas-fired power plants amounts 

to approx. 13.7 GW in 2023, approx. 17.4 GW in 2025 and approx. 21.5.4 GW in 

2030. This also includes 2.1 GW of new natural gas-fired power plants (excluding 
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CHP) to be built in 2030. In addition, approx. 3.3 GW more flexibility options will 

be developed in 2025 and approx. 6.1 GW in 2030 (compared to reference). 

4.3.3 Results RA analyses  

Loss of Load Probability 

Figure 4-27 compares the LoLP values of the sensitivity "Increased sector cou-

pling - price scenario: WEO Sustainable Development" with those of the reference 

scenario. Again, for reasons of clarity, the presentation is limited to those coun-

tries in which a value greater than zero occurs in at least one year under consid-

eration. 

FIGURE 4-27:  LOLP IN THE SCENARIO "INCREASED SECTOR COUPLING - PRICE 
SCENARIO: WEO SUSTAINABLE DEVELOPMENT" FOR COUNTRIES WITH 
VALUES > 0 COMPARED TO THE REFERENCE SCENARIO  

 

Source: Own representation.  

Germany and Luxembourg form a common bidding zone in the electricity market, therefore DE results also apply to 

LU. 
 

In Germany/Luxembourg, the LoLP remains at zero in 2021. In 2023 and 2025, 

very low LoLP values of less than 0.0001 % occur. In the year under consideration 

2030, the LoLP rises to 0.003 %, which is still a factor of 20 below the threshold 

value 𝐿𝑜𝐿�̂� of 0.06 % derived as the RA standard in the first project report and is 

thus not significant. This RA level corresponds to a load balancing probability of 

at least 99.997 %. The fact that, compared to the previous sector coupling sensi-

tivity ("Increased sector coupling - Price scenario: TYNDP Distributed Energy"), 

the LoLP in Germany/Luxembourg increases somewhat more strongly is con-

sistent with the framework conditions of the scenario. Namely, the load increase 
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is now partly accounted for by inflexible demand, and there is a stronger net de-

crease in resources in Germany (Figure 4-23) than in the previous sensitivity (Fig-

ure 4-13). 

Abroad, in part changes similar to those for Germany/Luxembourg occur for the 

same reasons. Belgium and the Netherlands also show a discernible increase in 

LoLP in 2030 to levels that also remain non-critical. 

Required imports 

The maximum import power to Germany/Luxembourg required to avoid load ex-

cess increases significantly compared to the reference scenario and is also higher 

than in the sensitivity "Increased sector coupling - price scenario: TYNDP Distrib-

uted Energy" (Figure 4-28). However, they are still consistently well below the 

maximum import capacity in the sensitivity examined here. The gap remains 

roughly the same over time because due to the grid expansion the import capacity 

increases just as much as the required import capacities. 

 

FIGURE 4-28: REQUIRED* IMPORTS TO DE/LU IN THE "INCREASED SECTOR COUPLING - 
PRICE SCENARIO: WEO SUSTAINABLE DEVELOPMENT" SCENARIO  

 

Source: Own representation. Required imports to avoid load excess. Market imports may deviate from this. 

The average required import energy also increases compared to the reference 

scenario (where it is below 0.1 % of gross electricity consumption in the entire 

period under consideration) and also compared to the sensitivity "Increased Sec-

tor Coupling - Price Scenario: TYNDP Distributed Energy (Table 4-3). It remains, 

however, on a low level.  
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Table 4-3: AVERAGE REQUIRED IMPORT ENERGY OF DE/LU RELATED TO GROSS 
ELECTRICITY CONSUMPTION IN SENSITIVITY "INCREASED SECTOR 
COUPLING - PRICE SCENARIO: TYNDP DISTRIBUTED ENERGY".  

2021 2023 2025 2030 

<0.01% 0.32% 0.95% 0.7% 

Source:  Own representation  

Overall, the RA level on the electricity market in Germany remains very high 

throughout the entire observation period until 2030, even in this sensitivity, and 

German consumers can be securely supplied at practically any time. 

Leeway status 

For this sensitivity, we again evaluate the leeway status, which indicates how far 

the electricity supply system is still "away" from load excess in the remaining hours 

(cf. introduction in Section 3.3, subsection "Leeway status "). The following two 

diagrams show the result of the evaluation of the leeway status of Germany/Lux-

embourg for the four years under review. In each diagram, the 365 days of the 

year are plotted from left to right.  
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FIGURE 4-29: STATISTICAL DISTRIBUTION OF THE LEEWAY STATUS OF DE/LU IN THE 
SCENARIO "INCREASED SECTOR COUPLING - PRICE SCENARIO: WEO 
SUSTAINABLE DEVELOPMENT", YEARS UNDER REVIEW 2021 AND 2023  

 

 

Source: Own representation. Categories A to D according to Table 3-1 
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FIGURE 4-30: STATISTICAL DISTRIBUTION OF THE LEEWAY STATUS OF DE/LU IN THE 
SCENARIO "INCREASED SECTOR COUPLING - PRICE SCENARIO: WEO 
SUSTAINABLE DEVELOPMENT", YEARS UNDER REVIEW 2025 AND 2030  

 

 

 

Source: Own representation. Categories A to D according to Table 3-1 
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The increase in required imports observed in this sensitivity compared to the pre-

viously considered sensitivity "Increased sector coupling - price scenario: TYNDP 

Distributed Energy" is reflected in noticeably larger shares of hours with import 

requirements (category C) in the leeway status from 2025 onwards. This affects 

all seasons. The highest probabilities for import demand again occur in winter and 

amount to 50% (2023), 66% (2025) and 67% (2030) in this sensitivity. 

In the year under review 2030, the average probability of import demand de-

creases compared to 2025, analogous to the evaluation of the amount of required 

import energy earlier in this section (cf. Table 4-3).  

Hours with load excess in the years under review 2023 and 2025 occur with such 

a low probability that they are not visually recognisable here. In order to make the 

load excess occurring in 2030 (which leads to a LoLP value of 0.003 % in the sen-

sitivity in this year) recognisable, a sectional enlargement is shown in Figure 4-30 

in which only the first percentile, i.e. the lowest "edge" of the diagram above it is 

shown. Even in this hundredfold magnification, category A occupies only a very 

small part of the diagram area. This illustrates the low probability of the occur-

rence of load excess in this sensitivity. 

Detailed analysis of (simulation) hours with load excess in Germany/Luxembourg 

Despite this low probability of occurrence, it may also be of interest with this sen-

sitivity to characterise the situations with load excess in Germany/Luxembourg 

that occur in the simulation in more detail.  

The import capacity in hours with load excess in Germany/Luxembourg is at least 

8 GW below the maximum possible import capacity from a grid perspective. Their 

median is approx. 12 GW (2023), 14 GW (2025) and 21 GW (2030) below the 

respective maximum import capacity and thus again significantly lower. This indi-

cates, as with the previously discussed sensitivities, that load excess in Ger-

many/Luxembourg occurs primarily in situations with transnational momentary 

resource scarcity and not due to limited grid capacity. 
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The following figure shows the typical exchange patterns determined by cluster-

ing in simulation hours with load excess in Germany/Luxembourg.219 Positive val-

ues mean export, negative values mean import. For 2023 and 2025, one cluster 

each was formed, while for 2030 with its slightly higher number of affected sim-

ulation hours, two different typical exchange patterns can be identified. 

FIGURE 4-31: EXCHANGE PATTERNS IN SITUATIONS WITH LOAD EXCESS IN 
GERMANY/LUXEMBOURG IN THE SCENARIO "INCREASED SECTOR 
COUPLING - PRICE SCENARIO: WEO SUSTAINABLE DEVELOPMENT" (2030)  

 

Source: Own representation.  

In 2023 and 2025, hours with load excess in Germany/Luxembourg typically co-

incide with import demand of France and Belgium. This also applies to Belgium in 

2030. France, on the other hand, is one of the countries assisting in 2030 in the 

clearly predominant part of the hours with load excess in Germany/Luxembourg 

(left exchange pattern 2030) and only rarely (right exchange pattern 2030) one of 

the countries importing at the same time. The UK also alternates - with the oppo-

site sign - between simultaneous import and provision of export power. In this 

scenario, the countries that can consistently provide exports in the case of load 

 

219 For methodology see footnote 207. 
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excess in Germany/Luxembourg include Austria, Switzerland, Italy, Norway, Po-

land and Denmark. 

Technical resource adequacy (including strategic reserves) 

Although the level of LoLP values determined in this sensitivity for Germany/Lux-

embourg is not critical, we again quantify the technical resource adequacy. 

Using the capacity reserve, the LoLP in Germany/Luxembourg can be reduced 

from the already very low initial level to zero in the years under consideration 

2023 and 2025 and by more than two thirds to an amount below 0.001% for 

2030.  

4.4 Summary results including sensitivities  

The analyses consistently show a very high level of resource adequacy on the 

electricity market in Germany. This also applies for the most part (taking into ac-

count the lower model accuracy there) to the neighbouring countries modelled. In 

all scenarios examined here up to 2030, the adequacy of resources on the elec-

tricity market in Germany is guaranteed - even in the event of a market-driven 

closure of coal-fired power plants that goes beyond the KVBG as a result of am-

bitious European climate protection. Consumers can be securely supplied. The 

load excess probability (LoLP) determined for Germany (in the reference scenario 

with an amount of zero) also has a low amount of no more than 0.003 % in the 

alternative scenarios examined as sensitivities, which is thus below the threshold 

value derived as the RA standard in the first project report by at least a factor of 

20. Converted into the internationally frequently used indicator "Loss of Load Ex-

pectation" (LoLE), where the loss of load probability is expressed in hours per year, 

this results in 0 hours per year in the reference scenario and a maximum of 0.25 

hours per year in the examined sensitivities. This corresponds to a load balancing 

probability of 100 % in the reference scenario and at least 99.997 % in the sce-

narios examined. The Expected Energy Not Supplied (EENS) is zero in the refer-

ence scenario and at most 0.4 GWh per year in the sensitivities. 
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5 Accompanying measures and outlook  

Accompanying measures to ensure resource adequacy 

Some measures are necessary or recommended to ensure or safeguard the high 

level of resource adequacy identified. The implementation of necessary measures 

(for example to ensure the level of cross-border exchange capacities according to 

the EU Electricity Market Regulation) was assumed in the analyses because this 

can be considered realistic in the combination of legal obligations and correspond-

ing lead time. 

Thus, the level of import power required to ensure resource adequacy can basi-

cally be classified as low compared to the (future) existing network capacity. Nev-

ertheless, certain preparations need to be made in order to harness the stronger 

role of cross-border balancing effects for resource adequacy in the European con-

text in the future. 

There is also a need for coordination and, if necessary, action with regard to the 

international coordination and binding nature of the market and operating rules 

in the event of shortages. It seems advisable to take the precaution of clearly reg-

ulating the processes downstream of the day-ahead market at the international 

level. 

The flexibility of generation and consumption is also significantly influenced by 

the regulatory framework, subsidy systems and the availability of intelligent meas-

urement and control systems and communication technology. Electric mobility 

and heat pumps in particular can represent an important flexibility option if they 

are well integrated in terms of communication and receive corresponding incen-

tives for flexibility. However, this is the subject of separate research projects. 

There is a need for further action, e.g. in the area of grid tariffs, especially with 

regard to the exemptions for atypical and intensive grid usage, which represent 

barriers to the flexibilisation of industrial consumers. 

In addition, measures to hedge against uncertain extreme events can be consid-

ered. Such an event can be, for example, the simultaneous unavailability of many 

power plants due to a common cause, such as a serial fault or as a result of a 

prolonged period of heat or drought. Uncertain extreme events can (due to the 
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unknown probability of occurrence of these events) neither be efficiently ad-

dressed in the electricity market 2.0 nor in capacity markets. Therefore, they can-

not and must not be taken into account in the monitoring of resource adequacy 

in the electricity market when checking there whether an efficient level of re-

source adequacy is achieved. The hedging of uncertain extreme events, accepting 

the associated costs, falls within the scope of state risk provisioning and should 

therefore be organised at the political level. Conversely, however, this means that 

the organisation and implementation of this additional hedging takes place out-

side the regulatory framework of competitive electricity markets ('market design') 

and thus outside the scope of this study. The effects of uncertain extreme events 

can be reduced in particular with reserves outside the electricity market, such as 

the German capacity reserve. Therefore, these uncertain events should also be 

taken into account when dimensioning the capacity reserve. 

 

Outlook 

This report marks the conclusion of the project "Definition and monitoring of re-

source adequacy in the European electricity markets". 

With regular forecasts on the development of the electricity supply system and 

the RA level, it can be checked in advance whether compliance with the RA stand-

ard can be expected and, if necessary, whether there are still barriers and disin-

centives and, if necessary, whether a later " settling" can be expected through 

market adjustment processes. The forward-looking RA monitoring thus ensures 

that there is sufficient time for any necessary measures to ensure an appropriate 

RA level. 

With the enactment of the KVBG, responsibility for monitoring resource ade-

quacy will be transferred from the BMWi to the BNetzA from 2021. In addition, 

on the basis of the EU package "Clean Energy for all Europeans" (CEP220), ENTSO-

E has developed a method for the implementation of the European and national 

 

220  Cf. EU Electricity Market Regulation 2019/943. 
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monitoring of resource adequacy, which was approved by the Agency for the Co-

operation of Energy Regulators (ACER) on 5 October 2020.221 Future analyses of 

resource adequacy in the electricity markets - in particular ENTSO-E's European 

Resource Adequacy Assessment (ERAA) - must be based on this methodology. 

The ERAA will replace the Mid-Term Adequacy Forecast (MAF) from 2020. 

The authors are confident that within the framework of the project now coming 

to a close, they have laid and expanded methodological foundations and intro-

duced them into the expert discussion, which largely fulfil the requirements for 

European and national analyses on the adequacy of resources in the electricity 

markets applicable from now on.  

 

221  Cf. ACER Decision 24-2020. 
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