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EXECUTIVE SUMMARY 

  

The EU-SysFlex project aims to identify large scale deployment of flexible solutions for a European power system 

with a high share of Renewable Energy Sources (RES). These solutions can include technical options, system 

services and market designs. The project results will contribute to enhanced system flexibility, coordinating the 

use of both existing and new technologies. Work Package (WP) 2 is the starting point of the project, as its goal is 

to evaluate the scarcities arising in the future system. Task 2.2 provides the initial assumptions made to meet the 

EU targets for the development of renewable sources in the European power system. These assumptions, 

presented as scenarios for the European power system are crucial to the EU-SysFlex project as they will feed into 

the models and simulations of the following WP2 tasks. 

    

This report outlines the development process for scenarios and network sensitivities which will be used in the 

technical and market modelling analysis for the EU-SysFlex project. The outcome of this work is a set of coherent 

and transparent scenarios for the European power system, which are consistent with the aims and objectives of 

the EU-SysFlex project, and a number of network sensitivities which examine various sub-networks of the 

European power system in greater detail. The scenarios chosen for the EU-SysFlex project are a crucial starting 

point for the technical and market modelling analysis which is central to the project.  

 

In developing scenarios for the EU-SysFlex project, two categories of scenarios were defined: 

 

Core Scenarios ς These are the central scenarios which will define the installed generation capacities by fuel type, 

demand, interconnection and storage portfolios to be used. These scenarios will be used to produce total annual 

energy demand as well as total annual energy production by source and fuel type. These scenarios will be used 

throughout the project for technical and production cost simulations on a European basis. 

 

Network Sensitivities ς These are sensitivities which examine various parts of the European network and will vary 

the capacities and locations of demand, generation, interconnection or storage in order to examine various 

scenarios in specific countries of the European power system. These sensitivities will be used to assess more 

specific technical scarcities in certain parts of the European system.  

 

An initial investigation phase of the EU-SysFlex scenario development took place with a review of European 

scenario literature, starting in November 2017 to meet the February 2018 Milestone of the EU-SysFlex project, 

Ψa{м ς Agreement on Core Modelling ScenariosΩ. This literature review formed the starting point for the EU-

SysFlex Scenarios. The review explored using data from ǘƘŜ 9ǳǊƻǇŜŀƴ /ƻƳƳƛǎǎƛƻƴΩǎ 9¦ wŜŦŜǊŜƴŎŜ {ŎŜƴŀǊƛƻ нлмс 

and EUCO Policy Scenarios, and ENTSO-E Ten Year Network Development Plan (TYNDP) 2018 Scenarios. In 

addition, the e-ƘƛƎƘǿŀȅǎнлрл ǎŎŜƴŀǊƛƻǎ ŀƴŘ 95CΩǎ сл҈ w9{-E (Electricity from Renewable Energy Sources) pan-

European scenario were also investigated. 
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Following this assessment, it was determined that the EU Reference Scenarios 2016 would form the basis for the 

two core scenarios chosen for the EU-SysFlex project. The EU Reference Scenarios 2016 met the criteria defined 

for the EU-SysFlex scenario selection in that: 

 

¶ They are consistent with the goals of the EU-SysFlex project (i.e. they have at least 50% RES-E for the 

European power system); 

¶ They have a publicly available and complete dataset for each of the scenarios with individual EU28 

country breakdowns;  

¶ They incorporate the targets, policies and directives of the European Union; 

¶ They are recently developed scenarios as they were published in 2016; and 

¶ By using two scenario years of the EU Reference Scenarios 2016, horizon 2030 and horizon 2050 for a 

higher RES target, there is a direct and coherent relationship between the two Core Scenarios to allow for 

easy comparisons ς with one of the scenarios being more ambitious than the other in terms of the scale 

of the renewables energy production. 

 

The two chosen scenarios are based on the generation and demand portfolios for the 9ǳǊƻǇŜŀƴ /ƻƳƳƛǎǎƛƻƴΩǎ 9¦ 

Reference Scenario 2016 for 2030 and 2050 respectively using various 2030 European network models for EU-

SysFlex simulations. Information from the EU Reference Scenarios 2016 was supplemented with additional 

information from other sources for countries outside of the EU, and for obtaining information on profiles for 

Electric Vehicles and Heat Pumps. This included information from the ENTSO-E TYNDP 2018 scenarios for Norway 

and Switzerland. For the purposes of the EU-SysFlex project, the two scenarios will be known as the Energy 

Transition scenario, which is based on the EU Reference Scenario 2016Ωǎ demand and generation portfolio for 

2030, and the Renewable Ambition ǎŎŜƴŀǊƛƻΣ ǿƘƛŎƘ ƛǎ ōŀǎŜŘ ƻƴ ǘƘŜ 9¦ wŜŦŜǊŜƴŎŜ {ŎŜƴŀǊƛƻǎ нлмсΩǎ ŘŜƳŀƴŘ ŀƴŘ 

generation portfolio for 2050. 

 

The Energy Transition Scenario has a percentage of electricity from renewable energy sources (RES-E) with 

respect to overall demand of 52%, while the Renewable Ambition Scenario has a RES-E percentage of 66%. These 

RES-E figures are consistent with the goal of the EU-SysFlex scenarios in examining the European power system at 

very high levels of renewable energy. The fact that two different time horizon portfolios from the EU Reference 

Scenarios 2016 are used for different ambition levels in the EU-SysFlex core scenarios provides a distinct 

advantage in having two linked scenarios for the entire European system, and the sub-networks and power 

systems chosen for additional analysis. These core scenarios and network sensitivities will be used throughout all 

aspects of the EU-SysFlex project. The scenarios enable consistency across all modelling tasks in various EU-

SysFlex Work Packages which will increase the ease of comparing different analysis across the project. 

 

In addition to the percentage of RES-E in the two core scenarios, the percentage of variable non-synchronous 

renewable resources is of particular interest to the EU-SysFlex project. As highlighted in the EU-SysFlex D2.1 ς 

State-of-the-Art Literature Review of System Scarcities at High Levels of Renewables, the challenges of integrating 

high levels of renewable generation are primarily seen at times of high non-synchronous generation penetration. 
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Therefore, within the two core scenarios, the hours which have the highest levels of non-synchronous generation 

will be examined in detail through technical simulations to understand future system scarcities.  

 

Table 1 provides a summary of the renewable generation production, electricity demand and RES-E levels seen for 

each European country in the two EU-SysFlex scenarios. Table 2 provides a summary of the carbon-free 

generation and non-synchronous variable renewable generation for each of the EU member states considered in 

the EU-SysFlex scenarios. 

 

TABLE 1: PERCENTAGES OF RENEWABLE ENERGY PRODUCTION IN THE ENERGY TRANSITION AND RENEWABLE AMBITION 

SCENARIOS AS A PERCENTAGE OF DEMAND 

    Energy Transition Renewable Ambition   

  

Country 
RES production 

(TWhe) 
Demand 
(TWhe) 

%RES 
RES production 

(TWhe) 
Demand 
(TWhe) 

%RES 

  

  AT 62 73 85% 73 83 88%   

  BE 29 89 32% 41 108 37%   

  CH 45 61 74% 74 56 132%   

  CZ 9 66 14% 16 79 21%   

  DE 267 559 48% 385 580 66%   

  DK 29 36 80% 35 44 80%   

  ES 163 257 63% 282 291 97%   

  FI 43 84 51% 50 96 52%   

  FR 211 469 45% 362 548 66%   

  HU 3 39 8% 9 47 19%   

  IE 14 28 48% 21 34 63%   

  IT 148 314 47% 273 395 69%   

  LU 1 8 12% 2 12 14%   

  NL 50 116 43% 67 133 50%   

  NO 155 117 132% 160 110 145%   

  PL 40 168 24% 71 202 35%   

  PT 42 48 88% 50 51 98%   

  SE 113 144 78% 133 166 80%   

  SK 7 31 21% 10 34 31%   

  UK 176 356 49% 201 438 46%   

  Total 1 607 3 063 52% 2 315 3 507 66%   
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TABLE 2: CHARACTERISTICS OF THE EU-SYSFLEX SCENARIOS FOR THE 28 EU MEMBER STATES, SWITZERLAND AND 

NORWAY, FOR CARBON-FREE ELECTRICITY AND VARIABLE NON-SYNCHRONOUS RENEWABLE ENERGY (VRE) AS A 

PERCENTAGE OF ELECTRICITY PRODUCTION 

 Energy Transition Renewable Ambition 

Country 
% carbon 

- free 
% VRE 

VRE of which % carbon 
- free 

% VRE 
VRE of which 

% Wind % Solar % Wind % Solar 

EU-28 65 24 72 28 73 35 70 30 

AT 78 17 75 25 81 23 75 25 

BE 40 32 83 17 41 33 84 16 

BG 57 18 63 37 70 23 57 43 

CH 94 13 26 74 100 18 27 73 

CY 29 26 32 68 41 38 33 67 

CZ 43 4 28 72 70 5 38 62 

DE 44 31 68 32 60 43 70 30 

DK 81 58 96 4 80 58 97 3 

EE 21 11 100 0 67 42 100 0 

ES 77 42 60 40 86 71 54 46 

FI 77 8 100 0 91 8 100 0 

FR 98 20 67 33 94 38 69 31 

GR 57 46 63 37 78 66 58 42 

HR 64 16 56 44 73 31 46 54 

HU 90 2 90 10 77 9 85 15 

IE 42 36 100 0 59 49 100 0 

IT 46 21 49 51 65 36 41 59 

LV 61 9 100 0 70 19 100 0 

LT 81 6 93 7 82 14 97 3 

LU 22 14 81 19 18 13 87 13 

MT 13 13 - 100 22 20 13 87 

NL 40 24 85 15 43 29 88 12 

NO 97 10 100 - 99 12 96 4 

PL 20 11 100 0 57 18 99 1 

PT 87 41 79 21 96 52 71 29 

RO 76 21 83 17 75 25 74 26 

SE 93 13 100 0 94 14 100 0 

SI 67 6 29 71 87 6 31 69 

SK 94 2 4 96 84 4 23 77 

UK 71 26 91 9 70 28 93 7 
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In addition to the Energy Transition and Renewable Ambition scenarios, various Network Sensitivities have been 

developed which seek to stress particular parts of the European network in order to examine further technical 

scarcities in greater detail. These Network Sensitivities are used to investigate more onerous or more ambitious 

generation and demand portfolios for specific areas and countries. The Network Sensitivities are focused on the 

areas of the European power system which will undergo increased analysis and simulations. Therefore, the areas 

which were primarily chosen for Network Sensitivities are the Ireland and Northern Ireland power system and a 

sub-network of the Continental European power system centred on the Poland network. Additionally, a further 

sensitivity for the Nordic system has been developed. 

 

A summary of the scenarios and Network Sensitivities considered by all partners for further analysis is given in 

Table 3 below.  

 
TABLE 3: SUMMARY OF THE SCENARIOS AND NETWORKS SENSITIVITIES DEVELOPED FOR THE EU-SYSFLEX PROJECT 

Partner 
System 

considered 
Core Scenarios Network Sensitivities 

EDF 
Continental 
system 

Energy 
Transition 

Renewable 
Ambition 

- - - 

VTT Nordic system 
Energy 

Transition 
Renewable 
Ambition 

High  
Solar 

- - 

PSE 
Poland and 
neighbours 

Energy 
Transition 

Renewable 
Ambition 

Going  
Green 

Distributed 
Renewables 

- 

EirGrid & 
SONI 

Ireland and 
Northern Ireland 

Energy 
Transition 

Renewable 
Ambition 

Steady 
Evolution 

Consumer 
Action 

Low Carbon 
Living 

 

The two core scenarios, Energy Transition and Renewable Ambition, and the various Network Sensitivities 

presented within this report will be used throughout the EU-SysFlex project.  

 

The Core Scenarios and Network Sensitivities were developed using Unit Commitment software, which seeks to 

optimally schedule the generation of both thermal and hydro generation plants to meet system net demand 

(taking account of renewable generation and interconnectors) and indicates the number of hours of unserved 

energy in the system. The initial data set is adjusted iteratively to obtain thermal energy targets as close as 

possible to the annual targets of the EU Reference Scenarios as well as a number of unserved energy hours that 

meet a criterion of 3 hours of unserved energy on average for all European countries. This iterative process 
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requires a lot of fine-tuning to deviate only marginally from the initial values from the EU Reference scenarios at 

horizon 2030 and 2050 in order to develop the Energy Transition and Renewable Ambition scenarios. 

 

The total annual power production by primary energy resource for Energy Transition and Renewable Ambition is 

obtained from averaging the hourly production for each country by primary energy resource over 165 separate 

year-long simulations. Each of these simulations represents a year with different climatic conditions and 

generator outages. The model includes technical generator constraints as well as locational reserve constraints. 

There is excellent alignment between the energy production values as quoted in the EU References Scenarios and 

the two EU-SysFlex scenarios, Energy Transition and Renewable Ambition.  

 

The output of this detailed modelling of the European power system is production schedules at an hourly 

resolution for a large range of climate years. Similarly, models have been developed for the Network Sensitivities 

for the various sub-networks of the European power system. This will allow the EU-SysFlex project to carry out 

state-of-the-art technical and economic studies of a system with a large amount of variable renewables, and 

make key contributions to the final flexibility roadmap of the EU-SysFlex project.  

 

The dispatches from these models will be used in co-ordination with the technical models developed in Task 2.3. 

This will form the starting point for the technical simulations which will identify the future system scarcities of the 

European power system within Task 2.4. These scenarios will also be used in Task 2.5 to enable a valuation of 

future System Services to help solve the scarcities found within Task 2.4.  

 

In addition to their use in WP2, the Core Scenarios and Network Sensitives will also be used in other Work 

Packages of the EU-SysFlex project. This includes Work Package 3, which will define new System Services and 

market designs for the future European power system, and Work Package 10 which will outline a roadmap for 

adapting the learnings of the entire EU-SysFlex project to enable the European power system to reach ambitious 

levels of renewable generation. As demonstrated, the Core Scenarios and Network Sensitivities documented in 

this report are central to the EU-SysFlex project. 
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1. INTRODUCTION 

 

The EU-SysFlex project seeks to enable the European power system to utilise efficient, coordinated flexibilities in 

order to integrate high levels of renewable energy sources. One of the primary goals of the project is to examine 

the European power system with at least 50% of electricity coming from renewable energy sources (RES-E).   

 

In order to reach at least 50% RES-E on a European scale, it will be necessary to integrate increasingly high levels 

of variable non-synchronous renewable technologies such as wind and solar. Transitioning from power systems 

which have traditionally been dominated by large synchronous generating units to systems with high levels of 

variable non-synchronous renewable technologies has been shown to result in challenges for operating power 

systems safely and reliably. This is due to the non-synchronous nature of these technologies as well as the 

variable and uncertain nature of the underlying resources. The integration of non-synchronous renewable 

generation results in the displacement of synchronous generators. This can consequently lead to technical 

scarcities in power systems as the new technologies do not replicate all of the traditional resilience functions of 

synchronous generators which they are replacing. The displacement of the synchronous generators also leads to 

brand new technical scarcities which have never been seen before. Addressing these challenges is at the core of 

the EU-SysFlex project.  

 

In this regard, Work Package (WP) 2 forms a crucial starting point for the EU-SysFlex project. WP2 will perform 

detailed technical power system simulations in order to identify the technical scarcities of the European power 

system with high levels of renewable generation as well as high levels of electrification. Interactions between 

WP2 and the other WPs in the project can be seen in Figure 1. 

 

The first deliverable of WP2 was completed as part of Task 2.1 - D2.1 - State-of-the-Art Literature Review of 

System Scarcities at High Levels of Renewable Generation (EU-SysFlex, 2018). Task 2.2 and this report, Deliverable 

2.2, aim to define a set of pragmatic and ambitious scenarios for renewable generation deployment in Europe. 

The scenario development process was mindful of the findings from Deliverable 2.1 and the likely technical 

scarcities that the project seeks to explore in detail. The scenarios will be utilised not only within WP2 but also 

throughout the entire EU-SysFlex project and are central to the project. This ensures consistency in the analysis 

that is performed across the various WPs in the project.  

 

In parallel to the development of these scenarios, Task 2.3 seeks to develop detailed models of the power system. 

These models will be utilised in Task 2.4, in conjunction with the scenarios, to perform detailed studies. The 

studies will encompass several geographical areas with different characteristics. This includes a Continental 

European model encompassing 20 countries, which will focus primarily on frequency stability, and further 

subsystems which will be used for more detailed analysis. These subsystems are the Nordic power system, the 

Ireland and Northern Ireland power system, and a sub-network of the Continental European system focussing on 

Poland and the surrounding countries. The aim of these simulations is to evaluate a range of technical scarcities. 
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The technical scarcities identified in WP2 are central to the EU-SysFlex project as they will feed into WP3 which 

will develop innovative system services and market and regulatory options to address them.  

 

 

 
FIGURE 1: EU-SYSFLEX WORK PLAN 

 

Concurrent to the technical studies in Task 2.4, production cost modelling, based on the scenarios documented in 

this report, will be performed in Task 2.5 for both the Continental European power system and the Ireland and 

Northern Ireland power system. These modelling studies will assess potential revenues for new technologies as 

well as identify financial gaps in the energy market. These gaps would need to be filled by new or increased 
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revenue streams from system services in order to create sufficient investment signals for new technologies to be 

realised.  

 

The final task in WP2, Task 2.6, will seek to incorporate the findings from other WPs in the EU-SysFlex project and 

incorporate proposed solutions to the scarcities identified based on the learnings from the project.  

 

The power system assumptions utilised in WP2 for the technical simulations and production cost modelling, and 

the assumptions in WP3 for advanced electricity market modelling studies will be based on the EU-SysFlex 

scenarios. The scenarios chosen for the EU-SysFlex project are a crucial starting point for the technical and market 

modelling analysis which is central to the project.  
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2. METHODOLOGY FOR DEFINING EU-SYSFLEX SCENARIOS 

2.1 OVERVIEW OF SCENARIO PLANNING 

 

One of the most fundamental parts of planning the development of power system is forecasting how electricity 

generation and consumption will change over time, so as to determine which investments are needed to ensure a 

system with the safety and reliability that people have come to expect. It can also be the most difficult part of the 

process. There are a lot of different factors that effect changes in electricity generation and consumption. These 

factors include economic performance, population growth, government policies, technology developments and 

changes in consumer behaviour and attitudes. As a result, planning for our energy future can be a complex task. 

Scenario planning is a method of planning for an uncertain future. 

 

Many Transmission System Operators (TSOs) and Distribution System Operators (DSOs), as well as other 

stakeholders, now engage in scenario development and planning as part of their planning process for the future 

of the power system. The extent of the detail that is incorporated in the scenario development process varies 

across stakeholders and varies depending on the need for the scenarios.  

 

In developing scenarios for the EU-SysFlex project, two categories of scenarios were defined: 

 

Core Scenarios ς These are the central scenarios which will define the installed generation capacities by fuel type, 

demand, interconnection and storage portfolios to be used. These scenarios will be used to produce total annual 

energy demand as well as total annual energy production by source and fuel type. These scenarios will be used 

throughout the project for technical and production cost simulations on a European basis. 

 

Network Sensitivities ς These are sensitivities which examine various parts of the European network and will vary 

the capacities and locations of demand, generation, interconnection or storage in order to examine various 

scenarios in specific countries of the European power system. These sensitivities will be used to assess more 

specific technical scarcities in certain parts of the European system.  

 

An initial investigation phase of the EU-SysFlex scenario development took place with a review of European 

scenario literature, starting in November 2017 to meet the February 2018 Milestone of the EU-SysFlex project, 

Ψa{м ς Agreement on Core ModellinƎ {ŎŜƴŀǊƛƻǎΩΦ This literature review formed the starting point for the EU-

SysFlex Scenarios. The review explored using data from ǘƘŜ 9ǳǊƻǇŜŀƴ /ƻƳƳƛǎǎƛƻƴΩǎ 9¦ wŜŦŜǊŜƴŎŜ {ŎŜƴŀǊƛƻ нлмс 

(European Commission, 2016) and EUCO Policy Scenarios (E3MLab & IIASA, 2016), and ENTSO-E Ten Year Network 

Development Plan (TYNDP) 2018 Scenarios (ENTSO-E, 2018). In addition, e-highways 2050 scenarios (e-

Highway2050, 2013) ŀƴŘ 95CΩǎ сл҈ w9{-E Continental European scenario (Burtin & Silva, 2015) were also 

investigated. Brief overviews of the reviewed scenarios are provided below.  
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2.1.1 EU REFERENCE SCENARIOS 2016 

 

The EU Reference Scenarios 2016 are utilised by the European Commission as a vital tool for analysis in the areas 

of energy, transport and climate change. It is intended that the EU Reference Scenarios act as a benchmark of 

current policy and market trends and they aim to assist policy-makers perform long-term economic, energy and 

climate analysis (European Commission, 2016). The scenarios set out a trajectory from 2020 to 2050 and are 

based on the current policy framework, with defined scenarios every five years. The scenarios integrate all of the 

European policies and directives which have been adopted at EU level and in Member States by December 2014, 

and meet the 2020 RES-E targets set by the European Commission. The scenarios account for the successful 

implementation of the EU Emissions Trading Scheme (ETS) and see significant CO2 reduction over the projected 

scenario years. A suite of interlinked models were utilised to produce projections for the energy sector and the 

agricultural and forestry sector for each of the EU-28 countries. The scenarios include CO2 emission assumptions 

and outline projections for generation, demand, storage and interconnection portfolios. 

 

2.1.2 EUROPEAN COMMISSION (EUCO) POLICY SCENARIOS 

 

The European Commission (EUCO) Policy Scenarios build upon the aforementioned EU Reference Scenarios and 

all of the EUCO Policy Scenarios are built from the same starting point; the EU Reference Scenario 2016. 

Additional targets and policy assumption are then incorporated to further enhance the projections. These extra 

assumptions include an increase in the EU ETS price and additional RES and energy efficiency policies. As with the 

EU Reference Scenarios, the EUCO Policy Scenarios provide projections for all EU-28 countries. However, the 

EUCO scenarios provide projections only up to the year 2030. Several sensitivities are developed relating to 

varying levels of energy efficiency and renewable energy increases.   

 

2.1.3 ENTSO-E TEN YEAR NETWORK DEVELOPMENT PLAN (TYNDP) SCENARIOS 2018 

 

The ENTSO-E Ten Year Network Development Plan (TYNDP) 2018 uses different scenarios at different time 

horizons from 2020 up to 2040 in order to give a view on what additional grid infrastructure is needed and where. 

Each scenario provides a storyline for different possible futures which aim to achieve Europe's decarbonisation 

objectives. These scenarios are then used in transmission network analysis to identify areas of the network which 

will require further investment. These scenarios are used to assess Projects of Common Interest (PCI) between 

different EU member states. The outputs of TYNDP 2018 show that even with decentralised generation, demand 

response, storage and energy efficiency playing an increasing role, an extension of the current grid is needed to 

allow the shift of large quantities of renewables to the main consumption centres.  

 

The TYNDP 2018 scenarios consist of four scenarios for 2030 and 2040 which are summarised in the TYNDP 2018 

Scenario Report as follows: 
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¶ Distributed generation (2030 and 2040) - Prosumers at the centre ς small-scale generation, batteries and 

fuel switching society engaged and empowered. 

¶ Sustainable Transition (2030 and 2040) - Targets reached through national regulation, emission trading 

schemes and subsidies, maximising the use of existing infrastructure. 

¶ The EUCO Scenario (2030) ς An external scenario, EUCO 30, which was developed by the European 

Commission. This is documented in section 2.1.2 above. 

¶ Global Climate Action (2040) - Full speed global decarbonisation, large-scale renewables development in 

both electricity and gas sectors.  

 

Further information on these scenarios can be found in the TYNDP Scenarios 2018 report (ENTSO-E, 2018).  

 

2.1.4 E-HIGHWAY2050 SCENARIOS 

 

The e-Highway2050 project aims to develop a methodology to support network planning of the Continental 

European transmission network (e-Highway2050, 2013). Under pinning the e-Highways project is the EU energy 

policy. The project adopted a top down approach for development of the e-Highway2050 scenarios. This 

approach, as illustrated in Figure 2, included the following steps:  

 

¶ Identification of relevant uncontrollable uncertainties (e.g. costs of technology, economic growth) and 

controllable options (e.g. subsidies/support schemes); 

¶ Combining uncertainties into ŀ ΨSet of FuturesΩ and Options into Ω{et of StrategiesΩ; 

¶ Combining coherent Futures and Strategies into coherent Scenarios; and 

¶ Reducing the number of Scenarios by combining Scenarios that have similar effect.  

 

In the e-IƛƎƘǿŀȅнлрл ǊŜǇƻǊǘΣ ŦƛǾŜ ŦǳǘǳǊŜǎ ǿŜǊŜ ŘŜǾŜƭƻǇŜŘΦ ¢ƘŜǎŜ ǿŜǊŜ ΨDǊŜŜƴ DƭƻōŜΩΣ ΨDǊŜŜƴ 9¦ΩΣ Ψ9¦-aŀǊƪŜǘΩΣ 

Ψ.ƛƎ ƛǎ ōŜŀǳǘƛŦǳƭΩ ŀƴŘ Ψ{Ƴŀƭƭ ǘƘƛƴƎǎ ƳŀǘǘŜǊΩΦ Lƴ ŀŘŘƛǘƛƻƴΣ с {ǘǊŀǘŜƎƛŜǎ ǿŜǊŜ ŘŜǎŎǊƛōŜŘΦ ¢ƘŜǎŜ ǎǘǊŀǘŜƎƛŜǎ ƛƴŎƭǳŘe 

ΨaŀǊƪŜǘ ƭŜŘΩΣ Ψ[ŀǊƎŜ ǎŎŀƭŜ w9{ ǎƻƭǳǘƛƻƴǎΩΣ Ψ[ƻŎŀƭ ǎƻƭǳǘƛƻƴǎΩΣ Ψмлл҈ w9{ΩΣ Ψ/ŀǊōƻƴ-ŦǊŜŜ /{{ ŀƴŘ ƴǳŎƭŜŀǊΩ ŀƴŘ Ψbƻ 

ƴǳŎƭŜŀǊΩΦ /ƻƳōƛƴƛƴƎ ǘƘŜǎŜ ŦƛǾŜ ŦǳǘǳǊŜǎ ŀƴŘ ǎƛȄ ǎǘǊŀǘŜƎƛŜǎ ǇǊƻŘǳŎŜǎ ол ǎŎŜƴŀǊƛƻǎΦ 9ƭƛƳƛƴŀǘƛƴƎ ŘǳǇƭƛŎŀǘƛƻƴǎ, the e-

Highways 2050 project finally produced 5 scenarios: 

 

¶ Large scale RES & no emission ς this scenario is characterised by deployment of large scale RES 

technologies, e.g. large scale off shore wind parks. 

¶ 100% RES ς in this ǎŎŜƴŀǊƛƻ 9ǳǊƻǇŜΩǎ ŜƴŜǊƎȅ ǎȅǎtem is entirely based on renewable energy ς 100 % 

Greenhouse gas (GHG) reduction, both large scale and small scale are used. 

¶ Big & Market ς Europe relies mainly on a market based strategy to achieve GHG reduction, moreover in 

this scenario, there is a special interest on large scale centralized solutions, especially for RES deployment 

and storage. 
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¶ Large fossil fuel with Carbon Capture and Storage (CCS) and nuclear ς Europe is mainly following a non-

RES strategy to reach GHG reduction target and this is achieved though nuclear generation and carbon 

capture and storage.  

¶ Small and local ς Europe is following GHG reduction mostly via small-scale/local solutions.  

 

In each scenario Europe is fully committed to meeting 80-95% GHG reduction, except in the 100% RES scenario, 

where a 100% reduction in GHG emissions is envisioned. Further information on these scenarios can be found in 

the e-Highway2050 publications (e-Highway2050, 2013).  

 

 
FIGURE 2: E-HIGHWAY2050 SCENARIO DEVELOPMENT PROCESS (E-HIGHWAY2050, 2013) 

 

 

2.1.5 60% RES-E 

 

EDF developed a scenario for the European power system with 60% RES-E in 2030 to look at the technical and 

economic implication of a massive deployment of RES-E at European level (Burtin & Silva, 2015). The scenario was 

developed using the targets for the 2030 Hi-RES scenario of the 2050 Energy Roadmap from European Union 

(European Commission, 2012). The share of RES-E reaches 60%, which includes a VRE share consisting of wind and 

solar, of 40%. Figure 3 shows the installed capacity of RES-E in the scenario. Overall, 705 GW of variable 

renewable energies (wind and solar) are installed. Using the aggregated European targets in the scenario, EDF 
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built a dataset that is on an hourly basis for an entire year for each country and for approximately 30 different 

occurrences of climate years. Installed RES capacities were placed in the locations with the best capacity factor 

potentials and RES generation was computed using a bottom-up approach. Therefore, this dataset keeps the 

spatial and temporal correlation across the European system. The assumptions and results for this study were 

published in (Burtin & Silva, 2015). 

 

     
FIGURE 3: INSTALLED RES-E CAPACITY FOR THE 60% RES-E SCENARIO (BURTIN & SILVA, 2015) 

  
 
 
2.2 AIMS AND OBJECTIVES OF THE EU-SYSFLEX SCENARIOS   

 

The scenarios developed as part of Task 2.2, must adhere to one key criterion for the EU-SysFlex project ς a 

European power system with at least 50% electricity from renewable energy sources. The Core Scenarios and 

Network Sensitivities will be used throughout all aspects of the EU-SysFlex project. The scenarios enable 

consistency across all modelling tasks in various EU-SysFlex WPs which will increase the ease of comparing 

different analysis across the project. 

 

As can be seen from Figure 4 and Figure 5, the Core Scenarios, which are implemented in the EDF Continental 

model, are the starting point for the technical simulations within WP2. In addition, the installed capacity 

projections, and other assumptions, from the Core Scenarios will be fundamental to the simulations that will be 

undertaken in WP3.  As can be seen in Figure 4, there are numerous diverse models developed as part of Task 2.3 

which are documented in the EU-SysFlex D2.3 report (EU-SysFlex, 2018). The models are connected through the 
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use of the installed generation and demand portfolios of the Core Scenarios. Consequently, it is important that 

these scenarios are robust and pragmatic, but also ambitious and optimistic in terms of renewable energy 

development assumptions.  

 

 

 

FIGURE 4: OVERVIEW OF THE STUDIES WORKFLOW FOR WP2 RELYING ON THE CORE SCENARIOS  

  

 
 

FIGURE 5: OVERVIEW OF THE APPLICATIONS OF THE EU-SYSFLEX SCENARIOS 
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2.2.1 CRITERIA FOR CHOOSING SCENARIOS 

 

Following the review of scenario literature outlined in section 2.1, the following important criteria were 

determined for choosing the source data for the EU-SysFlex scenarios:  

 

¶ The scenarios are consistent with the goals of the EU-SysFlex project (i.e. at least 50% RES-E for the 

European power system); 

¶ A publicly available and complete dataset for each of the scenarios with individual EU-28 country 

breakdowns;  

¶ The scenarios incorporate the targets, policies and directives of the European Union; 

¶ The scenarios are recently developed; and 

¶ There is a direct and coherent relationship between the two Core Scenarios to allow for easy comparisons 

ς with one of the scenarios being more ambitious than the other in terms of the scale of the renewable 

energy production. 

 
2.3 OVERVIEW OF THE EU-SYSFLEX SCENARIOS 

 

Following a review of the scenarios discussed in section 2.1 against the criteria outlined in section 2.2.1, it was 

determined to base the two Core Scenarios for EU-SysFlex ƻƴ ǘƘŜ 9ǳǊƻǇŜŀƴ /ƻƳƳƛǎǎƛƻƴΩǎ 9¦ wŜŦŜǊŜƴŎŜ {ŎŜƴŀǊƛƻ 

2016 (European Commission, 2016) as they meet all of the aforementioned criteria. Furthermore, the EU 

Reference Scenario 2016 is an official scenario of the European Commission, and EU-SysFlex is a European 

Commission supported project. The EU Reference Scenario 2016 was prepared by national experts across all EU 

countries. It sets out a trajectory from 2020 ς 2050, based on the European policy framework as of December 

2014, with defined scenarios every five years. They integrate all of the European policies and directives, and meet 

the 2020 renewable energy targets set by the European Commission. In addition, they assume the successful 

implementation of the EU ETS and meet the CO2 reduction targets for the projected years. This ties in well with 

the EU-SysFlex project as the project was funded from the competitive low-carbon energy call. The scenarios 

developed in the EU Reference Scenario 2016 are the result of a series of interlinked models combining technical 

and economic methods that have been peer-reviewed and/or have been used for numerous publications in peer-

reviewed journals. They set out generation, demand, storage and interconnection portfolios which will be used in 

the development of EU-SysFlex scenarios. An overview of the EU-SysFlex scenarios is presented in Table 4.  

 

Given the time horizon under consideration in the EU-SysFlex project, the 2030 scenario from the European 

/ƻƳƳƛǎǎƛƻƴΩǎ 9¦ wŜŦŜǊŜƴŎŜ {ŎŜƴŀǊƛƻ нлмс was used as the basis for the first EU-SysFlex scenario. This scenario 

was adapted for the purposes of the EU-SysFlex project and is called Energy Transition. For the second scenario, 

the 9ǳǊƻǇŜŀƴ /ƻƳƳƛǎǎƛƻƴΩǎ 9¦ wŜŦŜǊŜƴŎŜ {ŎŜƴŀǊƛƻ нлмс ǿƛǘƘ the most ambitious RES penetration was chosen. 

¢Ƙƛǎ ǿŀǎ ǘƘŜ 9ǳǊƻǇŜŀƴ /ƻƳƳƛǎǎƛƻƴΩǎ 9¦ wŜŦŜǊŜƴŎŜ {ŎŜƴŀǊƛƻ ŦƻǊ нлрл, and the new EU-SysFlex scenario which is 

derived from it is called Renewable Ambition.  
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It is important that there is a direct relationship and coherence between harmonized scenarios to allow for an 

easy and direct comparison between the two core scenarios. The Energy Transition scenario is 65.5% carbon-free 

for the EU-28 countries. This includes 25% of energy which was produced from non-synchronous VRE sources 

(wind and solar generation). The Renewable Ambition scenario assumes 73.1% of generation comes from carbon-

free sources, with 36% from non-synchronous VRE sources in the EU-28 countries. While, these figures are the 

average EU-28 percentages, they can be much higher for some individual member states. The percentages of RES-

E as a proportion of demand across Europe for the two scenarios are 52% for the Energy Transition scenario and 

66% for the Renewable Ambition scenario.  

 

TABLE 4: OVERVIEW OF THE ENERGY TRANSITION AND RENEWABLE AMBITION SCENARIOS  

EU 28 + CH + NO Energy Transition Renewable Ambition 

Overall Demand 3 262 TWh 3 741 TWh 

Overall Non-Synchronous VRE 859 TWh 1 441 TWh 

Overall Renewable Generation 1 713 TWh 2 469 TWh 

RES-E 52.5% 66.0% 

 

 
2.3.1 EUROPEAN SUB-NETWORK SENSITIVITIES AND OTHER NETWORK SENSITIVITIES 

 

The power system studies and assessments utilising the Core Scenarios Energy Transition and Renewable 

Ambition in WP2 will be complemented by additional Network Sensitivities. The Network Sensitivities have been 

developed to stress particular parts of the European network in order to examine further technical scarcities in 

greater detail. These Network Sensitivities are used to investigate more onerous or more ambitious generation 

and demand portfolios for specific areas and countries.  

 

Many factors will affect deployment of renewables in the future including renewable support policies, siting 

requirements, costs and social acceptance. In addition, different types of renewable generating technologies may 

have different impacts on technical scarcities as a result of differences in generation patterns (e.g. wind and solar 

are primarily weather dependent, while hydro generation can vary seasonally), as well as technology-specific 

capabilities (e.g. hydro generation and biomass are synchronous generation types, while PV and wind are non-

synchronous). Therefore, the Network Sensitivities have been tailored to further stress the European power 

system in specific areas which will undergo increased analysis and simulations. 

 

It is intended that, in conjunction with the two consistent scenarios, these supplementary and complementary 

Network Sensitivities will ensure that all technical scarcities that can be expected in specific areas of the European 

grid are identified. In particular, these Network Sensitivities will, by increasing the levels of renewables, further 

stress the Nordic power system, sub-network of the Continental Europe system focused specifically on the Polish 

system and neighbouring countries, as well as the Ireland and Northern Ireland power system.  
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These additional Network Sensitivities will enable investigation of the impacts of specific portfolio changes on the 

power system. The different portfolios that will be assessed as part of the Network Sensitivities include detailed 

projections relating to economic growth, uptake of energy efficiency measures and new technologies on the 

demand-side, further variable renewable generation integration and conversion of conventional fossil fuel 

generating plants to renewable generating plants. For example, employment of these specific scenarios will result 

in a representation of the Ireland and Northern Ireland power system with instantaneous RES-E penetrations 

reaching up to 100%. These portfolios will form the basis of production cost simulations, which in turn will be 

utilised for detailed steady-state analysis, as well as frequency, dynamic, voltage and angular stability studies 

which will be used to identify technical scarcities. 

 

Figure 6 provides a brief overview of the system-specific Network Sensitivities and each of these sensitivities is 

discussed in more detail later in this report. The development of these Network Sensitivities, entailed 

consultation with additional scenarios such as the ENTSO-E TYNDP 2018 scenarios and the e-highway2050 

scenarios. These scenarios were used to check the consistency of the data used and to complement the EU 

Reference scenarios in developing other possible portfolios. 

 

 

 

FIGURE 6: OVERVIEW OF THE EU-SYSFLEX NETWORK SENSITIVITIES 
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3. EU-SYSFLEX SCENARIOS ς EUROPEAN POWER SYSTEM 

 

The EU-SysFlex scenarios are based on the EU Reference Scenario 2016. Therefore, the starting point for these 

scenarios are the assumptions that all legally binding greenhouse gas (GHG) and RES targets for 2020 are achieved 

and that the policies agreed at EU and Member State level until December 2014 are implemented, as well as 

directives from early 2015. The development of the EU-Reference Scenario 2016 included interactions with 

experts from EU-28 Member States through a specific European Commission Reference Scenario expert group, 

namely for the modelling of energy, CO2 emissions, transport, and sectorial activity projections. The underlying 

assumptions used in their development are also incorporated into the EU-SysFlex scenarios. 

 
3.1 OVERVIEW OF THE EU-SYSFLEX SCENARIOS 

 

This section gives a brief overview of the key policies that are integrated into the EU-SysFlex Energy Transition 

and Renewable Ambition scenarios.  

 

3.1.1 CARBON EMISSION TARGETS 

 
The modelling of the EU ETS includes the Market Stability Reserve adopted in 2015. The scenarios assume that 

the ETS emissions targets for 2020 have been achieved. A wide variety of additional policies are being 

implemented alongside ETS prices which influence the ETS sector such as RES support policies or energy efficiency 

measures. From 2040 onwards, the ETS price increases significantly. The rising costs of emitting CO2 promote 

further investment in renewable technologies. The ETS emissions and ETS prices are given in Figure 7. The 2030 

ETS price is used for the Energy Transition scenario and the 2050 ETS price is used for the Renewable Ambition 

scenario. 

 

  
FIGURE 7: ETS EMISSIONS AND ETS CARBON PRICES ASSUMED IN THE EU REFERENCE SCENARIO 2016 (EUROPEAN 

COMMISSION, 2016) 
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The Energy Transition scenario has a total power generation that is 65.5% carbon-free for the EU-28 countries 

and the Renewable Ambition scenario has a 73.1% carbon-free production. While these figures are the average 

EU-28 percentages, they can be much higher for some individual member states as shown in Figure 8. 

 

 

 

FIGURE 8: SHARE OF CARBON-FREE ELECTRICITY FOR ENERGY TRANSITION ALIGNED WITH THE EU REFERENCE SCENARIO 

FOR 2030 (LEFT) AND RENEWABLE AMBITION ALIGNED WITH THE EU REFERENCE FOR 2050 (RIGHT) 

 
3.1.2 ENERGY EFFICIENCY 

 

The EU-SysFlex Scenarios incorporate energy efficiency policies adopted in recent years by the EU and Member 

States, including Ecodesign and Energy Labelling, the Energy Efficiency Directive (EED) and the Energy 

Performance of Buildings Directive (EPBD). This means that the scenarios consider a wide range of efficiency 

performance standards, as well as the interaction between different sectors. Better labelling and consumer 

information is taken into account and incite the consumer to select better technologies and to actively manage 

their energy use. For example, the rollout of smart metering allows for demand response so as to better manage 

electricity peak and high price situations, which in turn leads to an improved efficiency of the power system. The 

scenarios also take into account building renovation, with the public sector paving the way with best practices 

which are inciting private actors to follow.  
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3.1.3 RES POLICIES 

 
The RES projections from the EU Reference Scenarios 2016, taken as the basis for the EU-SysFlex Scenarios, stem 

from consultations with Member States and integrate their projection trajectories of the RES shares by sector as 

expressed in the respective National Renewable Energy Action Plans (NREAPs). The framework integrates known 

direct RES feed-in tariffs and other RES enabling policies, such as priority access, grid development and 

streamlined authorisation procedures. The binding targets on RES for 2020 (20% share of gross final energy 

consumption from RES by 2020 and 10% of the transport sectors gross final energy consumption from RES by 

2020) are assumed to be achieved. Beyond 2020, the RES development continues despite the fact that direct 

incentives are phased out because: 

 

¶ Some RES technologies are becoming economically competitive; 

¶ The carbon price is increasing through the ETS scheme; and 

¶ The extension of the grid and the improvement in market balancing allow for higher RES penetration. 

 

The Energy Transition scenario has a share of RES-E of 52% of the electricity demand, and the Renewable 

Ambition scenario has a share of 66%. While these figures are the average percentages for all countries modelled 

as part of the EU-SysFlex scenarios, the percentage of RES-E is higher for some individual countries and lower for 

others. Table 5 provides a summary of the renewable generation production, electricity demand and RES-E levels 

seen for all countries modelled in the two EU-SysFlex scenarios.  

 

In addition to the percentage of RES-E in the two core scenarios, the percentage of variable non-synchronous 

renewable resources is of particular interest to the EU-SysFlex project. As highlighted in the EU-SysFlex D2.1 ς 

State-of-the-Art Literature Review of System Scarcities at High Levels of Renewables, the challenges of integrating 

high levels of renewable generation are primarily seen at times of high non-synchronous generation penetration 

(EU-SysFlex, 2018). Therefore, within the two core scenarios, the hours which have the highest levels of non-

synchronous generation will be examined in detail through technical simulations to understand future system 

scarcities.  

 

Table 6 provides a summary of the carbon-free generation and non-synchronous variable renewable generation 

for each of the European country considered in the EU-SysFlex scenarios. This is further illustrated in Figure 9, 

which demonstrates the increase in non-synchronous VRE for each European country between the Energy 

Transition and Renewable Ambition scenarios.  
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TABLE 5: PERCENTAGES OF RENEWABLE ENERGY PRODUCTION IN THE ENERGY TRANSITION AND RENEWABLE AMBITION 

SCENARIOS AS A PERCENTAGE OF DEMAND 

    Energy Transition Renewable Ambition   

  

Country 
RES production 

(TWhe) 
Demand 
(TWhe) 

%RES 
RES production 

(TWhe) 
Demand 
(TWhe) 

%RES 

  

  AT 62 73 85% 73 83 88%   

  BE 29 89 32% 41 108 37%   

  CH 45 61 74% 74 56 132%   

  CZ 9 66 14% 16 79 21%   

  DE 267 559 48% 385 580 66%   

  DK 29 36 80% 35 44 80%   

  ES 163 257 63% 282 291 97%   

  FI 43 84 51% 50 96 52%   

  FR 211 469 45% 362 548 66%   

  HU 3 39 8% 9 47 19%   

  IE 14 28 48% 21 34 63%   

  IT 148 314 47% 273 395 69%   

  LU 1 8 12% 2 12 14%   

  NL 50 116 43% 67 133 50%   

  NO 155 117 132% 160 110 145%   

  PL 40 168 24% 71 202 35%   

  PT 42 48 88% 50 51 98%   

  SE 113 144 78% 133 166 80%   

  SK 7 31 21% 10 34 31%   

  UK 176 356 49% 201 438 46%   

  Total 1 607 3 063 52% 2 315 3 507 66%   
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TABLE 6: CHARACTERISTICS OF THE EU-SYSFLEX SCENARIOS FOR THE 28 MEMBER STATES, SWITZERLAND AND NORWAY, 

FOR CARBON-FREE ELECTRICITY AND VARIABLE NON-SYNCHRONOUS RENEWABLE ENERGY AS PART OF THE ELECTRICITY 

PRODUCTION. (VRE = VARIABLE RENEWABLE ENERGY) 

 Energy Transition Renewable Ambition 

Country 
% carbon 

- free 
% VRE 

VRE of which % carbon 
- free 

% VRE 
VRE of which 

% Wind % Solar % Wind % Solar 

EU-28 65 24 72 28 73 35 70 30 

AT 78 17 75 25 81 23 75 25 

BE 40 32 83 17 41 33 84 16 

BG 57 18 63 37 70 23 57 43 

CH 94 13 26 74 100 18 27 73 

CY 29 26 32 68 41 38 33 67 

CZ 43 4 28 72 70 5 38 62 

DE 44 31 68 32 60 43 70 30 

DK 81 58 96 4 80 58 97 3 

EE 21 11 100 0 67 42 100 0 

ES 77 42 60 40 86 71 54 46 

FI 77 8 100 0 91 8 100 0 

FR 98 20 67 33 94 38 69 31 

GR 57 46 63 37 78 66 58 42 

HR 64 16 56 44 73 31 46 54 

HU 90 2 90 10 77 9 85 15 

IE 42 36 100 0 59 49 100 0 

IT 46 21 49 51 65 36 41 59 

LV 61 9 100 0 70 19 100 0 

LT 81 6 93 7 82 14 97 3 

LU 22 14 81 19 18 13 87 13 

MT 13 13 - 100 22 20 13 87 

NL 40 24 85 15 43 29 88 12 

NO 97 10 100 - 99 12 96 4 

PL 20 11 100 0 57 18 99 1 

PT 87 41 79 21 96 52 71 29 

RO 76 21 83 17 75 25 74 26 

SE 93 13 100 0 94 14 100 0 

SI 67 6 29 71 87 6 31 69 

SK 94 2 4 96 84 4 23 77 

UK 71 26 91 9 70 28 93 7 
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FIGURE 9: SHARE OF VARIABLE NON-SYNCHRONOUS RENEWABLE GENERATION (WIND AND SOLAR) FOR POWER 

GENERATION FOR ENERGY TRANSITION ALIGNED WITH THE EU REFERENCE SCENARIO FOR 2030 (LEFT) AND RENEWABLE 

AMBITION ALIGNED WITH THE EU REFERENCE SCENARIO FOR 2050 (RIGHT) 

 

The EU-SysFlex scenarios allow us to identify several decarbonisation strategies:   

 

¶ Decarbonisation based on a power generation mix with a high share of variable RES, i.e. wind and solar 

energies: Wind and solar technologies are replacing non carbon-free sources such as coal or gas, as 

shown in Figure 10. The share of variable renewables in these systems can be very high. Spain, Greece, 

Denmark, Portugal and Ireland reach a share of VRE higher or equal to almost 50% in the Renewable 

Ambition scenario. Portugal has the characteristics to couple a large share of variable renewables with a 

large share of hydro, allowing it to reach a carbon-free level of 96%. In Spain, the carbon-free share 

reaches 71%, split almost equally between solar and wind, and the 14% share of gas subsides as the share 

of biomass and hydro remains relatively small. The generation split for Greece is similar to that of Spain. 

Denmark and Ireland are relying almost exclusively on wind generation as well as biomass to lower the 

share of non carbon-free generation, typically coal or gas fired power plants. Belgium, Estonia, Germany, 

the Netherlands, and to some extent Italy, rely on a high share of variable renewable energy to lower the 

carbon intensity of their power generation mix. Biomass plays an important role for Denmark, Estonia and 

Belgium.  


























































































































