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1 )ÎÔÒÏÄÕÃÔÉÏÎ ÔÏ ÔÈÅ %.43/Óȭ TYNDP Scenario Building Process  

1.1 Joint electricity and gas scenarios  
For the 2020 Scenarios edition, the ENTSOs for gas and electricity have again pooled their 

expertise to provide a joint set of scenarios, like they did for the first time for the 2018 

edition.The ENTSOs consistent and interlinked electricity and gas model in accordance with 

Article 11(8) of Regulation (EU) No 347/2013 of the European Parliament and of the Council of 

17 April 2013, was submitted in December 2016 and details the foundations of the joint scenario 

building process. 

²Ƙŀǘ ǊŜƎǳƭŀǘƛƻƴ ǎǘŀǘŜǎΧ 

According to Article 8(3)(b) of Regulation 714/2009 and Article 8(3)(b) of Regulation715/2009, 
ENTSO-E and ENTSOG have to publish their TYNDPs on a biennial basis. 
Annex V of Regulation (EU) No 347/2013, covering the methodology for a harmonised energy 
system-wide cost-benefit analysis for projects of common interest, specifies that: 
(1) The methodology shall be based on a common input datŀ ǎŜǘ ǊŜǇǊŜǎŜƴǘƛƴƎ ǘƘŜ ¦ƴƛƻƴΩǎ ŜƭŜŎǘǊƛŎƛǘȅ 
and gas systems in the years n+5, n+10, n+15, and n+20, where n is the year in which the analysis is 
performed. This data set shall comprise at least: 

(a) in electricity: scenarios for demand, generation capacities by fuel type (biomass, 
geothermal, hydro, gas, nuclear, oil, solid fuels, wind, solar photovoltaic, concentrated solar, 
other renewable technologies) and their geographical location, fuel prices (including biomass, 
coal, gas and oil), carbon dioxide prices, the composition of the transmission and, if relevant, 
the distribution network, and its evolution, taking into account all new significant generation 
(including capacity equipped for capturing carbon dioxide), storage and transmission projects 
for which a final investment decision has been taken and that are due to be commissioned by 
the end of year n+5; 
(b) in gas: scenarios for demand, imports, fuel prices (including coal, gas and oil), carbon 
dioxide prices, the composition of the transmission network and its evolution, taking into 
account all new projects for which a final investment decision has been taken and that are due 
to be commissioned by the end of year n+5. 

 
TABLE 1: REGULATORY REQUIREMENTS 

Geographically, the scenarios go beyond the EU-28 to the ENTSO-E & ENTSOG perimeters that 

includes members, observers and associated partners. In total over 80 participants, covering 

more than 35 countries, are involved in the process. 

Gas and electricity TSOs are in a unique position to provide quantitative European-focused 

scenarios on the impact of the energy transition on the European Electricity and Gas 

infrastructure needs and challenges for the long-term horizons. 

The framework for the joint ENTSOs scenarios was agreed during the development process for 

TYNDP 2018. The framework enables the ENTSOs to create storylines that are consistent up to 

the 2050 time horizon and illustrates that uncertainty increases over the time horizon. However, 

storylines are translated into scenarios up to the 2040 time horizon providing sufficient data for 

the Ten-Year Network Development Plan. Figure 1 graphically represents this framework, using 

the circles to show that the spread between the scenarios becomes greater, but within a 

plausible range of possibility.  
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FIGURE 1: HIGH LEVEL FRAMEWORK FOR JOINT ENTSO-E & ENTSOG STORYLINES 

1.2 A two-year long building process  
The scenario development is a biennial process. ENTSOs initiated the development of the 2020 

Scenarios in February 2018 with a lesson learned session on the previously published 2018 

Scenarios. The first external communication occurred at a Storyline Workshop on 29th May 2018. 

This was followed by a public consultation on the proposed storylines and the publication of the 

Storyline Report. At the same time, the ENTSOs have worked on the quantification and drafting 

of the Draft Scenario Report. 

The publication of the Draft Scenario Report marks a key milestone. It contains all the relevant 

information, assumptions and data of the ENTSOsΩ {ŎŜƴŀǊƛƻǎΦ 9b¢{hǎ ƴƻǿ ŀǎƪ ŀƭƭ ǎǘŀƪŜƘƻƭŘŜǊǎ 

for their feedback during a 6-week consultation. Taking the feedback received into 

consideration, ENTSOs will publish their final report in Q1 2020.  

 

FIGURE 2: HIGH LEVEL STEPS OF GAS AND ELECTRICITY TYNDPS 2020 SCENARIO BUILDING, INCLUDING MORE DETAILED SCENARIO 

STEPS 
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1.3 From storylines to scenarios  
9b¢{hǎΩ ǎŎŜƴŀǊƛƻǎ ŀǊŜ ōǳƛƭǘ ǳǇƻƴ ǎǘƻǊȅƭƛƴŜǎ ǇǊƻǾƛŘƛƴƎ ǘƘŜ Ƴŀƛƴ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ŀƴŘ ƎǳƛŘŜƭƛƴŜǎ ŦƻǊ 

the scenario quantification. They define the climate and energy targets, technology preferences 

and societal and economic aspects. Following the storylines, the scenario quantification and 

relevant data collection takes place in a multistep approach.  

ENTSOs cross-sectoral scenario building combines the expertise of gas and electricity TSOs. 

Building upon the experience of previous scenarios, the joint scenarioǎ ŎƻƳōƛƴŜ 9b¢{hDΩǎ ŀƴŘ 

ENTSO-EΩǎ methodologies, and where possible create new joint methodologies. 

 

FIGURE 3: SCENARIO BUILDING STEPS 

The joint ENTSOǎΩ working group scenario building (WGSB) is composed of TSO members from 

both gas and electricity TSOs. Figure 4 provides an overview of the scenario building working 

group, the structure fits with the various processes described within this document 

ωStorylines & Stakeholder Engagement
ωConsultation 
ωData Collection

ωData Validation (Translation)
ωTotal Energy Scenarios with ENTSOs' Ambition Tool 
ωGas peak demand cases and electricity demand curves
ωInvestment Power Market Simulation
ωBiomethane Production Quantification
ωExtra-EU Gas Supply Potentials
ωPower-to-Gas Distribution and Optimisation
ωResults, Drafting, Visualisation
ωConsultation
ωScenario Analysis, Discussion & Report
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FIGURE 4 WORKING GROUPS SCENARIO BUILDING INTERNAL STRUCTURE 

Taking into account the high-level scenario framework shown in Figure 1, ENTSOs used different 

approaches to build their three scenarios: 

Å Bottom-up Scenario: one scenario in particular uses bottom-up collected data, which is 

based on clear data collection guidelines defining the characteristics of the data 

requested. Both the gas and electricity TSOs were asked to provide data concerning gas 

and electricity demand, production of gaseous fuels and power generation fleet. 

¶ Top-down Scenarios: two scenarios are full-energy scenarios capturing all fuel and 

sectors as well as a full picture of primary energy demand. For this, ENTSOs have 

developed their own energy balance tool called the Ambition Tool.  
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1.4 How to read this document  
The structure of this documents follows the scenario building process: 

¶ Section 2 - Storyline development and selection outlines the process steps: ΨStorylines & 

Stakeholder EngagementΩ, ΨConsultationΩ 

¶ Section 3 - Bottom-up ƻǳǘƭƛƴŜǎ ǘƘŜ ǇǊƻŎŜǎǎ ǎǘŜǇǎΥ Ψ5ŀǘŀ /ƻƭƭŜŎǘƛƻƴΩΣ ΨData Validation 

(Translation)Ω 

¶ Section 4 - Ambition Tool Methodologies and Calculations outlines the process step 

ΨTotal Energy Scenarios with ENTSOs' Ambition ToolΩ 

¶ Section 5 - Final Use Energy Demand outlines the process step ΨGas peak demand cases 

and electricity demand curvesΩ 

¶ Section 6 - Allocation of Power Sector Capacities ƻǳǘƭƛƴŜǎ ǘƘŜ ǇǊƻŎŜǎǎ ǎǘŜǇ ΨPower 

Market SimulationΩ 

¶ Section 7 - Gas supply 

¶ This chapter describes the main storylines assumptions and methodologies with regard 

to the gas supply mix, gas source composition and gas supply potentials. 

ENTSOs scenarios differentiate between gas type, gas source and imports or indigenous 

production. 

Gas types: There are two different gas types, which are methane and hydrogen. For National 

Trends a gas mix (based on methane as for natural gas) was considered. For Distributed Energy 

and Global Ambition, the quantification of the type-specific demand is described in Section 4.  

Gas sources: The demand for the two different gas types can be supplied by multiple gas sources, 

which can be non-decarbonised, decarbonised and renewable. 

For methane, gas sources are: 

1. Natural gas as non-decarbonised source  

2. Natural gas with post-combustive CCS as decarbonised source is  

3. Biomethane and synthetic methane via P2G as renewable sources are  

For hydrogen, gas sources are: 

1. Natural gas with SMR as non-decarbonised source  

2. Natural gas with SMR+CCU/S or methane pyrolysis as decarbonised source  

3. P2G as renewable source  

Imports and indigenous/national production: both gas types from each source can be either 

produced indigenously or imported from outside Europe. 
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1.5 Storyline assumptions on import share  and gas supply 

decarbonisation  

1.5.1 Import share  

In 2015, the import share of natural gas was around 70%. Due to declining national production 

in the EU28, this share will further increase in the coming years. 

Whereas for National Trends the import share is given as a difference of total gas demand and 

bottom-up national production data for natural gas, biomethane and P2G, the storylines for 

Distributed Energy and Global Ambition consider assumption on the import share in 2050. 

Global Ambition is based on the assumption that the gas import share will keep its 2015 level till 

2050. Distributed Energy considers a halving of the import share to 35% of the total gas demand 

by 2050. 

The import demand in terms of energy volumes is then the difference of the total gas demand 

and all indigenously produced gases. 
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1.5.2 Decarbonisation  

For the National Trends, the decarbonisation is given by the bottom-up data for indigenous 

production of renewable and decarbonised gases. No further assumptions or methodologies 

were applied. 

For both Global Ambition and Distributed Energy, the decarbonisation of the gas supply is 

ōŀǎŜŘ ƻƴ άStoryline 2 ς Strong development of methane (CO2-neutraύέ ƻŦ ǘƘŜ study άThe role 

of Trans-European gas infrastructure in the light of the 2050 decarbonisation targetsέ, done by 

Trinomics for the European Commission. 

 

FIGURE 39: DEVELOPEMENT OF THE GAS MIX 

Following the increase in renewable and decarbonised gases as shown in Figure 39, the 

decarbonisation rate of the Global Ambition and Distributed Energy is as follows: 

Year 2020 2025 2030 2040 2050 

Decarbonisation rate 1% 5,00% 13,20% 53,70% 100% 

 

¶ Gas Supply Potential Methodology, Analysis and Results outlines the process steps 

Ψ.ƛƻƳŜǘƘŀƴŜ tǊƻŘǳŎǘƛƻƴ vǳŀƴǘƛŦƛŎŀǘƛƻƴΩ ŀƴŘ Ψ9ȄǘǊŀ-9¦ Dŀǎ {ǳǇǇƭȅ tƻǘŜƴǘƛŀƭǎΩ 

¶ Section 8 - Power-to-Gas ƻǳǘƭƛƴŜǎ ǘƘŜ ǇǊƻŎŜǎǎ ǎǘŜǇ ΨtƻǿŜǊ-to-Gas Distribution and 

hǇǘƛƳƛǎŀǘƛƻƴΩ 
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2 Storyline  development and  selection  
The scenarios which were developed for TYNDP 2018 used the following storyline names:  

¶ Sustainable Transition  

¶ Distributed Generation  

¶ Global Climate Action  

In order to retain some consistency between TYNDP reports, it is important that the essence of 

the scenarios should be continued to some degree. However, the energy landscape is 

continuously evolving, and it is important to capture the biggest drivers and trends influencing 

the energy system and most importantly the infrastructure development. During their «lessons 

learned» session the ENTSOs identified the following drivers to be taken into account in the 

Scenarios for the TYNDP: 

¶ Decarbonisation: The level of decarbonisation is a main driver for investments and 

therefore technology improvements. Current climate targets of the EU and its member 

states vary between 80 % to 95 % CO2 reduction by 2050. Some countries have also 

announced a full decarbonisation by 2050. Furthermore, the EU and therefore each of 

its member states has ratified the Paris Agreement. The recently published IPCC Special 

Report indicates much higher needs for decarbonisation for 2050. By formulating a 

carbon budget, the Special Report has also further solidified decarbonisation targets. 

Therefore, the decarbonisation target of the ENTSOs scenario draft storylines for 

consultation differed from «Behind the Targets» less than 80 % CO2 reduction to 80 ς 

95 % CO2 reduction to even more ambitious Paris-compliant 1,5-degree scenarios. 

¶ Centralisation/Decentralisation: Trends like centralisation or decentralisation drive the 

preference and investments for technologies and infrastructure to decarbonise the 

system. Whereas one can assume higher investments in local photovoltaic and 

biomethane in a more decentralised scenario, a centralised scenario tends to consist of 

higher levels of offshore wind parks and energy imports. 

The ENTSOs developed five draft scenario storylines. Based on the feedback received from 

external and internal stakeholders, three were chosen to be developed into final scenarios: 

- National Trends (NT) is a scenario based on National Energy and Climate Plans (NECPs) 

in accordance with the governance of the energy union and climate action rules, as well 

as on further national policies and climate targets already stated by the EU member 

states. Following its fundamental principles, National Trends will be compliant with the 

9¦Ωǎ нлол Climate and Energy Framework (32 % renewables, 32.5 % energy efficiency) 

and EC 2050 Long-Term Strategy with an agreed climate target of 80 ς 95 % CO2 

reduction compared to 1990 levels. 
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- Global Ambition (GA) is a scenario compliant with the 1,5°C target of the Paris 

Agreement. It looks at a future that is led by economic development in centralised 

generation. Economies of scale lead to significant cost reductions in emerging 

technologies such as offshore wind and Power-to-X, but also imports of energy from 

cheaper sources are considered as a viable option. 

- Distributed Energy (DE) is a scenario compliant with the 1,5°C target of the Paris 

Agreement. It embraces a de-centralised approach to the energy transition. A key 

feature of the scenario is the role of the energy consumer, who actively participates in 

the energy market and helps ǘƻ ŘǊƛǾŜ ǘƘŜ ǎȅǎǘŜƳΩǎ ŘŜŎŀǊōƻƴƛǎŀǘƛƻƴ by investing in small-

scale solutions and circular approaches. 
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FIGURE 5: KEY DRIVERS OF SCENARIO STORYLINES 

aƻǊŜ ƛƴŦƻǊƳŀǘƛƻƴ Ŏŀƴ ōŜ ŦƻǳƴŘ ƛƴ 9b¢{hǎΩ Cƛƴŀƭ {ǘƻǊȅƭƛƴŜ Report (link). 

2.1 The Storyline Central  Matrix  
The Scenario Building Central Matrix is a tool used to identify the key elements of the storylines. 

The Central Matrix enables creation of scenarios consistent along a pathway; yet differentiated 

from other storylines. It is important to remember that the Central Matrix represents an overall 

EU-level view. 

The Central Matrix is a table that can provide an EU-wide qualitative overview of key drivers for 

the European energy system in 2050. The matrix uses +/- indicators to show how primary energy 

mix and final energy use change compared to sectors are assumed to change from today. It is 

important to note that country level and/or regional differences will be present, when compared 

to the EU-28 figures, the differences are driven by factors such as national policy, geographical 

and/or technical resource constraints.  
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To understand the matrix notation, the following assumptions must be considered: 

o The growth or reduction indications are in relation to what is seen today, but also in 

relation to the rates observed within that category in comparison to other scenarios. 

For example, compared to today, solar generation is expected to increase significantly 

in all scenarios from today, but only receives a +++ in Distributed Energy. 

o Equally, growth and reduction rates across the different categories are not directly 

comparable. For example, two categories with ++ rating may differ significantly in their 

actual percentage increase from today, based on the starting point and ultimate 

potential. 

The use of the primary energy mix is an essential new feature of the TYNDP 2020 process, 

designed to enable the ENTSOs to gauge the overall shift in the energy sector required to ensure 

the decarbonisation pathways specified by the scenarios are met. 

Final energy use sectors have been grouped into key categories (high/low temperature heat1, 

transport, power and lighting), with indicators for the expected development of the total 

demand of energy use, and then the resulting effect on the electricity and gas demand in these 

sectors.  

Due to this approach, it is important to understand the step between the primary energy mix 

and final energy usage, and the effect this has on some of the categories. 

For example: 

o The transport overall energy demand is expected to decrease as traditional internal 

combustion engines become more efficient, switch to alternative fuels or are replaced 

by electric motors. This can lead to positive indicators for both gas and electricity 

demand, whilst the total demand decreases, due to the displacement of oil in this sector. 

o Biomethane is produced from anaerobic digestion or gasification feedstock, which are 

categorised under biomass. 

o The primary energy source for gas produced from power-to-gas is solar and/or wind. 

However, power-to-gas has a separate row in the Central Matrix. 

o Imported energy is represented in the primary energy mix as this is produced from 

primary energy outside the EU. 

 

  

                                                            
1 High temperature heat: usage for industrial processes (material transformations, chemical reactions, 
process steam, etc) which can be in excess of 1000°C, with the dominant range in Europe above 500°C. 
Low temperature heat: usage for space heating and hot water. 
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TABLE 1: STORYLINE MATRIX 

Category Criteria          2040 Scenarios 

 
 National 

Trends 

Global 

Ambition  

Distributed 

Energy 

Primary mix  

Coal  -- ---  ---  

Oil  -- --- --- 

Nuclear  -- -- -- 
Hydro  o o o 

Geothermal   o  +  ++  

Biomass  +  ++  +++  

Imported Renewable and decarbonised Gas  +  +++  +  

Natural gas  -  --  ---  

Wind onshore  ++ +++ +++ 

Wind offshore  +++ +++  ++ 

Solar  ++ + +++ 

Wind for P2G   +  ++  

Solar for P2G  +  + +++ 

Imported Green Liquid Fuel  +  ++  +  

High temperature 

Heat 

Total demand (all energy)  o  -  -  

Electricity Demand  +  +  ++ 

Gas Demand  +  ++  o  

Low temperature 

Heat 

Total demand (all 

energy)  
-  --  --  

Electricity Demand  +  ++  +++  

Gas Demand  -  -  --  

Transport 
Total demand  -  --  --  

Electricity Demand  +  ++  +++  

Power and Lighting 
Gas Demand  +  ++  +  

Electricity Demand  
o  -  -  

CCS 

CCS for power o ++ +++ 

CCS in Industry    

Legend 

Change 
from 
Today 

--- -- - o + ++ +++ 

Not 
available 

Moderate 
Reduction 

Low 
Reduction 

Stable 
Low 

growth 
Moderate 

growth 
High 

growth 
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2.2 GHG Emissions and Scenario Targets 
As the GHG reduction indicator is one of the most important political drivers for defining future 

national and/or pan-European climate ambitions, this parameter is introduced into the overall 

scenario building process at an early stage. Clear GHG emissions reduction targets have been 

set by the European Union for 2020 and 2030 as part of the pathway towards a low carbon 

society in 2050, by reducing GHG emissions by 80-95 % compared to 1990 levels. The 2020 

Climate and Energy Package forms the basis for 20 % cut in GHG emissions by 2020 and the 2030 

Climate and Energy Framework sets the target for 40 % reduction by 2030. 

All storylines are translated into scenarios that, at a minimum, aim to achieve the 

aforementioned targets. National Trends will rely on the latest information available from draft 

National Energy and Climate Plans and National Development Plans (NDPs). This will ensure that 

the scenario is compliant with national and EU climate targets. 

However, ENTSOs acknowledge that the target of the Paris Agreement of keeping temperature 

rise below 1.5°C, as compared to pre-industrial times, will not be met by only intermediate GHG 

emissions reduction targets for 2030 and 2050. Therefore, Global Ambition and Distributed 

Energy consider a carbon budget including emissions and removals from agriculture and from 

Land Use, Land Use Change and Forestry (LULUCF). 

The IPCC Special Report on warming of 1.5°C (SR1.5 - 2018) provides evidence as to why a 1.5°C 

increase in global mean surface temperature is a critical threshold for the earth. The report 

addressed the question; what is the maximum level of anthropological emissions that can 

emitted (set against various probabilities), before irreversible climate damage is done. The 

report enables governments and agencies to calculate carbon budgets that are compatible with 

pathways to lower emissions within a 1.5°C increase in temperature.  

The 9b¢{hǎ ƘŀǾŜ ǎƻǳƎƘǘ ŜȄǇŜǊǘ ƻǇƛƴƛƻƴ ƻƴ ǿƘŀǘ ǘƘŜ ŎŀǊōƻƴ ōǳŘƎŜǘ ƳŜŀƴǎ ŦƻǊ ǘƘŜ ά9¦-нуέ and 

to this extent have consulted CAN Europe and the Renewables Grid Initiative. To build the 

Carbon Budget compliant scenario, the ENTSOs will use a carbon budget figure of 48.5 GtCO2 

based on ǘƘŜ 9¦Ωǎ population share. 

Although all storylines are heading towards a decarbonised future for the EU, they all differ 

substantially in their energy transition approach. For instance, one emerging theme is that the 

European energy transition could be driven either by a centralised or decentralised pathway, 

and this general lever is considered in Figure 6 (Please note, that whereas the decarbonisation 

paths for DE and GA are based on own calculations, values given for NT are based on figures 

ƎƛǾŜƴ ƛƴ ǘƘŜ 9/Ωǎ ǎǘǳŘȅ ά/ƭŜŀƴ ǇƭŀƴŜǘ ŦƻǊ ŀƭƭέ ŦƻǊ нлол ŀƴŘ 9¦Ωǎ нлрл ŘŜŎŀǊōƻƴƛǎŀǘƛƻƴ ǘŀǊƎŜǘǎ ŦƻǊ 

2050). 
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FIGURE 6: STORYLINE-SPECIFIC DECARBONISATION PATHWAYS (INCLUDING LULUCF) 

As an example, Global Ambition looks at a future that is led by large development in centralised 

generation including offshore wind and Power-to-X. In contrast to that, Distributed Energy is a 

storyline that embraces a de-centralised approach to the energy transition, with rooftop solar 

installations linked with batteries, community or regional uses of biomass and geothermal 

resources. 

It is important to understand that these levers are not absolute and are intended to give a strong 

indication of the future development anticipated in the scenarios. For example, decentralised 

technologies will still exist in a centralised scenario, but to a lesser extent. LǘΩǎ ŀƭǎƻ ǿƻǊǘƘ 

meƴǘƛƻƴƛƴƎ ǘƘŀǘ 9b¢{hǎΩ {ŎŜƴŀǊƛƻǎ ƻƴƭȅ ŦƻŎǳǎ ƻƴ 9ǳǊƻǇŜΩǎ ŎƻƴǘǊƛōǳǘƛƻƴ ǘƻ ŀ Ǝƭƻōŀƭ ŎƭƛƳŀǘŜ 

challenge. However, trends in centralisation or decentralisation are assumed to happen on a 

global scale. 
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What is a Carbon Budget? 

Carbon budgets refer to the net total of CO2 that can be emitted by an economy over a 

future time period; for example: the number of tonnes of CO2 equivalent emissions that can 

be emitted by the EU-28 in the period 2020 until 2050. Carbon budgets account for 

emissions in CO2equivalent, as well as accounting for CO2 equivalent removals in the same 

period; i.e. carbon budgets include fossil fuel emissions and removals from LULUCF or BECCS 

technologies. 

The IPCC Special Report on warming of 1.5°C (SR1.5 - 2018) provides scientific evidence on 

why 1.5°C is a critical threshold, and provides an assessment of 1.5°C compatible carbon 

budgets. These carbon budgets in SR1.5 are higher than those in the IPCC's Fifth Assessment 

Report (AR5 - 2014), mainly because of an effort of rebasing. The άSummary for Policy 

Makers of SR1.5έ provides four 1.5°C compatible carbon budgets (for global CO2 emissions), 

with differences due to: 

¶ The likelihood of staying within the temperature threshold: 50 % or 66 % (which is 

an expression of the number of scenarios that allow a certain carbon budget); 

¶ The means of temperature measurement: based on computer modelling only 

(global mean surface air temperature) or computer modelling combined with real-

time observations (GMST). 

The carbon budgets in the IPCC reports refer to the available budgets for CO2-emissions, 

while they take into account certain limited reduction pathways for non-CO2 emissions. 

Assuming stringent emission reductions of non-CO2 gases are in line with the deep 

reductions of CO2 emissions needed for 1.5°C compatible budgets, this could help in 

converting CO2-budgets into greenhouse gas budgets that would, according to SR1.5 

Coordinating Lead Author Joeri Rogelj, be approximately 25 % higher. 

Based on above mentioned parameters and assumptions, the global carbon budget is 

712 GtCO2 from 2018 onwards until the end of the century. There are multiple ways to divide 

the global carbon budget across countries. The main approaches take population and/or 

equity into account. 
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2.3 Top-Down Scenario Building  wi th Carbon Budgets  
New for TYNDP 2020 is the adoption of carbon budgets within the scenario development 

process. The Top-Down scenario process is used to convert the storylines developed through 

the consultation process into quantified scenarios that are suitable for techno-economic 

modelling exercises performed by both ENTSOs. The four main steps of the scenario building 

process are shown in Figure 7.  

Step 1: The Ambition Tool team is responsible for creating EU-28 energy balance models that 

reflect the storylines in terms of final use demand. This process takes into account the primary 

energy sources and final use demand. The approach applies policies, such as, strong growth in 

electric vehicles, (hybrid) heat pumps and no coal in 2050 for heating or power. The annual 

demand from the ambition tool was handed over to the WGSB demand team to convert into 

hourly and daily profiles needed for Step 2 in the process. 

Step 2: The supply mix for the scenarios are in terms of gas and electricity. For electricity the 

WGSB innovation team assumes responsibility for developing of the investment models 

required to distribute the renewable resources needed to balance the long term scenarios in 

line with the carbon budget. For Gas, ENTSOs followed a multi-step approach. Whereas 

indigenous production for natural gas was collected bottom-up from TSOs, the ENTSOs worked 

closely with the consultancy Navigant to quantify scenario-specific production levels for 

biomethane. For power-to-gas, ENTSOs have developed a new methodology to distribute and 

optimize hydrogen and synthetic methane production via electrolysis around EU28. For gas 

imports, ENTSOs has worked out extra-EU supply potentials. 

Step 3: The result from the Ambition Tool energy balance model and the investment loop 

provides a projection for annual gas and electricity demand, whilst balancing oil and coal as 

changes in final use demand evolve. 

Step 4: Since the Top-Down energy balance model considers primary energy fuels and the power 

market model estimated the gas usage, it is possible to compare the scenario emissions with a 

carbon budget. 

mailto:info@entsog.eu
http://www.entsog.eu/


  

 

Page 22 of 134 
  
 

 ENTSOG AISBL; Av. de Cortenbergh 100, 1000-Brussels; Tel: +32 2 894 5100; Fax: +32 2 894 5101; info@entsog.eu www.entsog.eu, VAT No. BE0822 
653 040 

 

 

FIGURE 7: MULTI-STEP SCENARIO BUILDING PROCESS 

For further information: 

¶ On how the Ambition Tool annual figures are derived see Section 4.  

¶ For gas and electricity demand profile methodologies see Section 5. 

¶ For the supply mix, the ENTSOs have developed new methodologies for quantifying the 

electricity and gas supply; these methodologies take into account the theme of 

ŘŜŎŀǊōƻƴƛǎŀǘƛƻƴ ŀƴŘ ǘƘŜ άŎŀǊōƻƴ ōǳŘƎŜǘ ŀǇǇǊƻŀŎƘέ (see Sections 6 & 7). 

 

 

 

 

 

 

 

 

  

mailto:info@entsog.eu
http://www.entsog.eu/


  

 

Page 23 of 134 
  
 

 ENTSOG AISBL; Av. de Cortenbergh 100, 1000-Brussels; Tel: +32 2 894 5100; Fax: +32 2 894 5101; info@entsog.eu www.entsog.eu, VAT No. BE0822 
653 040 

 

 
 
 
 
 
 
 
 
 
Bottom-up Data Collection  
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3 Bottom -up Scenario Principles  
A core element of the ENTSOǎΩ scenario building process has been the use of supply and demand 

data collected from both gas and electricity TSOs to build bottom-up scenarios. The bottom up 

data collection remains a key component of the scenario building exercise and provides useful 

insights and trends that exist at a national level. Bottom up scenarios are an important feature 

of TYNDP scenarios as they show how national plans come together from a European 

perspective. 

For TYNDP2020, National Trends is the bottom-up scenario. For this storyline, best available 

information for the timeframe 2020 to 2040 was collected directly from the gas and electricity 

TSOs. The National Trends related data collection provides an important opportunity to collect 

in depth information stemming from the National Energy and Climate Plans, National 

Development Plans and other nationally recognized studies. Since most of the NECPs are based 

on an impact assessment till 20олΣ ǘƘŜ ¢{hǎΩ ƪƴƻǿƭŜŘƎŜ ƛǎ ƪŜȅ ǘƻ ōǳƛƭŘ ŀ ŎƻƴǎƛǎǘŜƴǘ ǎŎŜƴŀǊƛƻ ǘƛƭƭ 

2040. 

Following our talks in the TYNDP Cooperation Platform with European Commission and ACER, 

initially submitted TSO data was further aligned with the respective NECPs where a difference 

was detected. 

3.1 National Trends decarbonisation ambition  
After consulting external stakeholders, ENTSOs decided to base the NT Scenario on country-

specific NECPs. National Trends follows the trends developing the climate policies on a national 

level. The governance of the energy union and climate action rules, entered into force on 24 

December 2018, require EU member states to develop NECP that cover the five dimensions of 

the energy union for the period 2021 to 2030 (and every subsequent ten year period). Member 

States had to submit draft NECPs by 31 December 2018. Most of the draft NECP provide an 

impact assessment with information on the energy consumption and supply. 

On 18 June 2019, the European Commission published its review of the draft NECPs, including 

specific recommendations. Member States are now required to update their NECP and submit 

a final version to the European Commission by the end of 2019. ENTSOs worked closely with the 

European Commission and their members to align the NT Scenario with the latest draft NECPs.  

Caveat upon new European RES and Energy Efficiency Targets 

It is the intention of the National Trends scenario to achieve the targets agreed upon by EU 
Parliament, EC & Council on 14th and 19th June 2018. 
The ENTSOs are aware that it may not be possible to capture the latest National Energy and 
Climate Plans (NECPs) for each member state as the draft submissions were due in December 
2018, and further negotiations will take place until end of 2019. That being said it is the 
intention of the ENTSOs to liaise with the EC to align the scenario as close as possible with 
additional measures that can deliver the 32 % RES and 32.5 % energy efficiency (link) targets 
for the EU28. 
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3.2 Bottom -Up Scenario Building Process  
The bottom-up scenario building process requires direct communication between the Working 

Group Scenario Building and data collection correspondents for gas and electricity TSOs. In order 

to work efficiently between the groups involved and to ensure proper data alignment, the 

following steps have been implemented. 

Step 1: ENTSOs create the bottom-up scenario chapter of the Data Collection Guideline, so that 

it is ensured that the data collection is in accordance with the storyline and the required 

boundary conditions. 

Step 2: Bottom-up scenario guideline chapter is included with the ENTSO-E PEMMDB Data 

Collection Guidelines. ENTSOG incorporate guidance notes for the bottom-up data collection 

into 9b¢{hDΩǎ WG Scenario data collection process. 

Step 3: The ENTSO-E data collection process is the responsibility of WG D&M, an email should 

be jointly composed that calls for action from Long Term Adequacy Correspondents (LACs) to 

complete the PEMMDB template files. 

ENTSOG data collection process is the responsibility of WG Scenario. 

Step 4: WG D&MΣ ²D {ŎŜƴŀǊƛƻ ŀƴŘ 9b¢{hǎΩ Ƨƻƛƴǘ ²D{. perform checks on the input dataΩ basic 

errors and inconsistencies. Moreover, ENTSOs check the data on its alignment with the NECP 

and EU climate targets for 2030. 

Step 5: ENTSO-E uses the bottom-up PEMMDB files and demand to create the bottom-up 

scenario. Power market simulations are run to provide the output volumes for each generation 

type necessary to balance supply and demand. The gas demand for power is an output from the 

model, which complements the gas final demand provided by gas TSOs. 

ENTSOG collects bottom-up data for gas final demand figures (gross inland consumption 

excluding gas demand for power generation). To account for different climate conditions daily 

figures are collected for the average case including a seasonal demand factor, 2-Week-case, 

Design Case. Daily figures for the gas demand in power generation are computed based on the 

power market simulation results (simulations cases are explained in more detail in Section 

5.3.2.). 

Step 6: Bottom-up scenario results are circulated to ENTSO-E Regional Groups and ENTSOG 

Scenario Working Group for review. 
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3.3 Consistency checks 
In order to have clarity and avoid potential misunderstanding between the electricity and gas 

experts during the data collection, validation and market runs, the experts on both sides were 

requested to interact with one another. During the data collection the experts cooperated with 

their respective counterpart, when there was a possibility of disagreement about common 

inputs like: 

¶ Installed electricity generating capacities (gas-fired) 

¶ Demand assumptions 

¶ Any other values relevant for both sectors (e.g. installed P2G capacities) 

Once the data collection was completed and initial screening of the input was done (initial 

checks and corrections), the data was used as main starting point for the overall scenario 

building process. In case of disagreement, a bilateral discussion with the disagreeing TSOs on 

both sides took place so that an agreement could have been reached. 
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Ambition Tool Methodologies 
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4 Ambition Tool Methodologies and Calculations  
A top-down scenario building process requires a holistic view of the European energy system. 

The new Ambition Tool energy balance tool provides the ENTSOs with the opportunity to 

develop future energy pathways that ensure consistency and coherency across the time horizon 

2015 to 2050. The Ambition Tool is an Excel energy balance model developed in house jointly by 

ENTSOG and ENTSO-E. The starting year for the model is 2015 energy balance data based on 

statistical country-specific EUROSTAT Energy Balance sheets for 2015 (see website). One of the 

main requirements for the scenario building process is to realise the Paris Agreement targets. 

Therefore, a complete energy system model (all sectors, all fuels) is necessary in order to 

quantify the CO2 emissions in each scenario. 

The purpose of the Ambition Tool is to translate qualitative storylines into quantified total 

energy scenarios. The tool ensures annual energy demand for all sectors and fuels and supply is 

balanced in detail for both gas and electricity. The quantitative translation of storylines into 

figures includes quantifying the technology changes in the residential, tertiary, transport and 

industrial sectors. 

The Ambition Tool provides annual energy volumes that are consistent with the scenario 

storylines. The storylines were consulted on and agreed through the joint ENTSOs scenario 

building process. Figure 8 provides an overview of the high-level inputs and outputs that are 

addressed with the Ambition Tool. Since ENTSO-E and ENTSOG are responsible for electricity 

and gas transmission, a key output from the model is the annual energy volumes for each carrier. 

 

FIGURE 8: HIGH LEVEL DESCRIPTION OF THE AMBITION TOOL 
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Figure 9 describes the process that guarantees the consistency of the quantification of storylines 

in the Ambition Tool. 

The Ambition Tool quantifies the final use demand and the supply mix, more specifically the 

primary energy supply mix, for the EU28 countries.  

At this point it should be mentioned that the installed capacities and the generation of the 

electricity sector, as well as the associated gas demand of the gas power plants form a kind of 

proxy, as they are quantified later in the process in more detail with the help of the investment 

model (see Section 6). 

A feedback loop within the overall scenario building tool chain guarantees that the following 

storyline aspects are fulfilled: 

¶ Is a storyline compliant with the targets for energy efficiency in primary energy and final 

energy use? 

¶ Does a storyline meet renewable energy targets for a given time horizon? 

¶ Does a storyline meet a specific carbon budget? 

 

 

FIGURE 9: TOP-DOWN SCENARIO PROCESS - THE AMBITION TOOL STEPS 

In general, the Ambition Tool provides the first quantification step in the scenario building 

process, the outputs from the model are then passed into the next stage of the process to 

develop hourly electricity demand profiles, daily gas volumes, and more detailed breakdowns of 

installed capacity for the electricity power market. 

In order to account for the contrasting storylines of the Distributed Energy and Global Ambition 

scenarios two separate Ambition Tool files have been developed for each of the countries fitting 

to the interpretation of each of the scenario storylines and its qualitative definitions in the 

Storyline Matrix. 
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In the storyline related Ambition Tool files for DE and GA on the EU28 level the storyline was 

completely quantified (including iterations for the different setting) to form a consistent story. 

This includes: 

¶ Demand development consistent with the (quantitative) storyline matrix 

¶ Changes in demand structure are feasible (e.g. transition fitting to average lifetime of 

cars)  

¶ Supply development consistent with storyline matrix 

¶ Changes in supply are feasible (fitting to potential from different RES sources and fitting 

to (possible) expansion rates) 

¶ CO2 budget targets are met 

¶ The import mix/share on the gas-supply side is met 

 

In summary the Ambition Tool part of the scenario building process has the following two steps. 

Step1 

Quantifying the final energy demand according to storyline with the distribution on the different 

carriers (especially electricity and the gases methane and hydrogen) 

Step2 

Quantifying of the electricity generation and the gas supply mix according to the storyline. 

9b¢{hǎΩ ƘŀǾŜ ŀǇǇƭƛŜŘ ŀǎǎǳƳǇǘƛƻƴǎ ōŀǎŜŘ ƻƴ ŜȄǇŜŎǘŜŘ tŀƴ-European developments and 

included TSO input for scenario-/country-specific trends (more information on the incorporation 

of country specific details is provided in Section 4.4).The following sections will provide a guide 

on how each demand component is considered. 
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4.1 Step1: Final Energy Demand calculations  

4.1.1 Residential Sector  

The residential section in the Ambition Tool is used to quantify the future energy mix in 

residential buildings with respect to the assumptions on: 

¶ Demand split for the residential sector between heating/cooling (including sanitary 

water) and lighting/power 

¶ Insulation and lighting/power efficiency gains per year 

¶ Heating/cooling technology mix per fuel type 

¶ Heating/cooling technology efficiency evolution 

¶ General final energy demand evolution depending on population and persons per 

household projections 

 

Based on the demand split for heating/cooling and lighting/power in the reference year 2015, 

the demand for the Residential Sector is projected by the application of a specific compound 

annual growth rate (CAGR) for efficiency gains. 

Lighting and Power 

Lighting/power covers the electricity demand for home lighting, white goods and operation 

energy (e.g. for shutters). 

Heating and Cooling 

Heating/cooling covers the energy demand (all types of fuels) for heating and cooling a building. 

Heating/cooling technology types include: 

¶ For methane (including natural gas, biomethane and synthetic methane): stand-alone 

boilers, gas heat pumps, combined heat and power (CHP) and district heating 

¶ For coal: stand-alone boilers and district heating 

¶ For oil: stand-alone boilers and district heating 

¶ For biomass: stand-alone boilers and district heating 

¶ For hydrogen: stand-alone boilers/fuel cells 

¶ Solar: thermal panels 

¶ Electricity: direct heating, air source heat pumps, ground source heat pumps, district 

heating 

¶ Hybrid solution (gas and electricity): hybrid heat pumps consisting of both an electric 

heat pump and a gas boiler 

 

The heating technologies do not consider the source of the fuel as such. For example, if methane 

is the fuel of preference, this can be either natural gas or biomethane or synthetic methane 

(P2G). Source-specific supply assumptions for electricity (generation mix) and gas (quality 
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specific for methane and hydrogen including assumptions on self-sufficiency/imports) are made 

the electricity generation and gas supply section of the Ambition Tool (see Sections 6 and 7). 

The logic follows a multi-step approach. First the normalized heating/cooling need per 

household in the reference year 2015 estimated (in terms of energy losses due to temperature 

difference between a comfort temperature and outside temperature). Following the 

assumptions on efficiency gains due to insulation, population growth and persons per 

household, the total heating/cooling need in a target year can be projected. Finally, the Ambition 

Tool computes the energy consumption considering the technology mix of the target year and 

the corresponding efficiency. 

The objective is to estimate heating/cooling energy demand per fuel type and net sectoral CO2 

emissions.  

The approach enables capturing the energy efficiency improvement originating from the shift 

from combustionςbased boilers (especially for coal and oil) to electric and gas heat pump, fuel 

cell and CHP based technologies separately from the energy efficiency improvement originating 

from improved technology fuel efficiency.  

The outcome for electricity and gas demand evaluation is the corresponding residential demand 

for electricity, methane and hydrogen per heating/cooling technology type. 

4.1.2 Tertiary Sector  

A similar approach as in the residential section of the Ambition Tool is used to quantify the future 

energy mix in Tertiary Sector (mainly buildings), as the methodologies are based on the ones 

applied to the Residential Sector. 

Differences are: 

¶ Instead of population growth and persons per household, the tertiary section considers 

a CAGR on volume growth. This volume growth is not to be equated with GDP growth, 

but refers to an additional energy demand due to increasing demand for services/goods. 

On top, and as for residential, efficiency gains are considered by separate compound 

annual growth rate (CAGR). 

¶ The demand split also includes the energy demand for cooking and catering 

4.1.3 Transport Sector  

The transport section in the Ambition Tool is used to quantify the future energy mix in transport 

with respect to the assumptions on: 

¶ Vehicle technology mix per energy source 

¶ Transport efficiency evolution  

¶ Transport need evolution per transport type 
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Transport types include: 

¶ Passenger transport 

¶ Freight transport (including inland shipping) 

¶ Aviation (excluding extra-EU aviation) 

 

While vehicle energy sources include: 

¶ Fossil oil based fuels (such as fossil gasoline, diesel and kerosene) 

¶ Methane (including fossil methane, biomethane and synthetic methane) 

¶ Hydrogen (including other non-methane synthetic liquid fuels) 

¶ Liquid biofuels (including liquid fuels produced from biomass or waste) 

¶ Electricity 

 

The logic is to estimate the transport need (in terms of passenger and freight kilometers) per 

transport and fuel type and derive the corresponding energy consumption based on the specific 

consumption of the fuel and transport type in question (including the impact of occupancy ratio 

in the vehicles, i.e. specific consumption is considered as kWh/100 passenger/tkm)2. 

The objective is to estimate transport energy demand taking per fuel for the energy demand and 

net emission calculations.  

The approach enables capturing the energy efficiency improvement originating from the shift 

from internal combustion engine based vehicles to electric and fuel cell based vehicles 

separately from the energy efficiency improvement originating from improved vehicle fuel 

efficiency and modal shift (such as increased share of public transport). 

The outcome for electricity and gas demand evaluation is the corresponding transport demand 

for electricity, methane and hydrogen per transport type (excluding international extra-EU 

shipping and aviation). The transport type was later utilized in the demand profile creation via 

different assumptions on the flexibility of different transport types. 

 

  

                                                            
2 Tonne-kilometre, a unit of measure of freight transport which represents the transport of one tonne of 
goods by a given transport mode over a distance of one kilometre. 
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4.1.4 Industrial Sector  

The industry section in the Ambition Tool is used to quantify the future energy mix in the 

industry with respect to the assumptions on: 

¶ Demand split in consumptions categories 

o Space heating 

o Water heating 

o Process use 

o Cooking 

o Drying and separation 

o Non-heat 

o Non-energy 

¶ Efficiency and production growth in each consumption category 

¶ Subsector split with an individual fuel mix 

o Iron & steel industry 

o Chemical and Petrochemical industry 

o Non-ferrous metal industry 

o Non-metallic Minerals (Glass, pottery & building mat. Industry) 

o Transport Equipment 

o Machinery 

o Mining and Quarrying 

o Food and Tobacco 

o Paper, Pulp and Print 

o Wood and Wood Products 

o Construction 

o Textile and Leather 

o Non-specified (Industry) 

o Agriculture/Forestry/Fishing/Others 

o Non-energy use 

As for the other sectors, also the industry section differs between following fuel types: solid fuels 

(coal/lignite), oil, gas (mainly methane), total renewables, waste, hydrogen, derived heat and 

electricity. For the sake of simplification and due to purpose of the TYNDP scenarios with a 

special focus on gas and electricity, the fuel types total renewables, waste and derived heat are 

aggregated to biomass/bioliquids/waste on a primary side. 

The logic is to estimate the energy consumption per fuel type per sub-sector. Efficiency and 

industrial production related CAGRs are applied to each consumption category and to each sub-

sector. A basic assumption is that fossil fuels such as coal, lignite, oil and waste need to be 

completely replaced by carbon-neutral alternatives by 2050. 

The objective is to estimate fuel-specific energy demand in the Industry Sector and net emission. 
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The outcome for electricity and gas demand evaluation is the corresponding industrial demand 

for electricity, methane and hydrogen. 

4.1.5 Consumption of Energy Branch  

¢ƻ ŀŎŎƻǳƴǘ ŦƻǊ ǘƘŜ ŜƴŜǊƎȅ ŘŜƳŀƴŘ ŦƻǊ άŎƻƴǎǳƳǇǘƛƻƴ ƻŦ ǘƘŜ ŜƴŜǊƎȅ ōǊŀƴŎƘέ ŀƴ ŀŘŘƛǘƛƻƴŀƭ ŜƴŜǊƎȅ 

demand is added to the primary energy side. ά/ƻƴǎǳƳǇǘƛƻƴ ƻŦ ǘƘŜ ŜƴŜǊƎȅ ōǊŀƴŎƘέ ƛǎ ƎŜƴŜǊŀƭƭȅ 

ŘŜŦƛƴŜŘ ŀǎ άƻǿƴ ǳǎŜέ όǎŜƭŦ-consumption in power plants or natural gas consumption to support 

extraction in mining, oil or gas production). ¢ƘŜ ŀŘŘƛǘƛƻƴŀƭ ŜƴŜǊƎȅ ŀƳƻǳƴǘ ŦƻǊ ǘƘŜ άŎƻƴǎǳƳǇǘƛƻƴ 

ƻŦ ǘƘŜ ŜƴŜǊƎȅ ōǊŀƴŎƘέ ƛƴ ŀ ǘŀǊƎŜǘ ȅŜŀǊ ƛǎ ŎŀƭŎǳƭŀǘŜŘ ōȅ ŀǇǇƭȅƛƴƎ ŀ ŦǊŀŎǘƛƻƴ ǘƻ ǘƘŜ ǎǳƳ ƻŦ Ŧƛƴŀƭ 

energy demand and energy demand for power generation. The fraction is based on the relation 

ƻŦ άŎƻƴǎǳƳǇǘƛƻƴ ƻŦ ǘƘŜ ŜƴŜǊƎȅ ōǊŀƴŎƘέ ǘƻ ǇǊƛƳŀǊȅ ŜƴŜǊƎȅ ŘŜƳŀƴŘ ŜȄǇǊŜǎǎŜŘ ƛƴ 9UROSTAT 

ŜƴŜǊƎȅ ōŀƭŀƴŎŜ ǎƘŜŜǘǎ ŦƻǊ нлмрΦ ¢ƘŜ ŜƴŜǊƎȅ ŘŜƳŀƴŘ ŦƻǊ άŎƻƴǎǳƳǇǘƛƻƴ ƻŦ ǘƘŜ ŜƴŜǊƎȅ ōǊŀƴŎƘέ ƛǎ 

calculated fuel specific.  
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4.2 Step2: Electricity Generation and Gas Supply  

4.2.1 Electricity Generation  

The electricity generation section in the Ambition Tool is used to give a first quantified indication 

of the future primary energy demand for electricity generation with respect to the assumptions 

on: 

¶ Gross electricity generation including final electricity demand, electricity demand for 

power-to-gas, consumption of the energy branch and distribution losses 

¶ Generation technology mix 

o Fossil fuels (solids, oil) 

o Gaseous fuels (natural gas, biomethane, synthetic methane, hydrogen) 

o Renewables (biomass/waste, wind, solar, geothermal) 

o Generation technology efficiency growth 

The objective is to estimate the primary energy demand per technology type based on future 

generation mix and derive the corresponding primary energy consumption taking into account 

its conversion efficiency (fuel to power). In a subsequent step the primary energy demand per 

fuel for power generation and net emission calculations can be estimated. 

The approach enables capturing the decreasing specific primary energy demand for electricity 

generation originating from the shift from conventional electricity generation to renewables like 

wind and solar separately from the energy efficiency improvement originating from improved 

generation technologies. The power plant self-consumption and distribution losses are 

calculated based on their ratio to the gross electricity generation in 2015. 

The electricity generation demand for power-to-gas results from the decarbonisation and self-

sufficiency target of the gas mix, which is described in more detail in the next section. 

4.2.2 Gas Supply 

The gas supply section in the Ambition Tool is used to quantify the future primary energy 

demand for the gas supply with respect to the assumptions on: 

¶ Quality-specific consumption for methane and hydrogen including final gas demand, gas 

demand for electricity generation and consumption of the energy branch 

¶ Targets for decarbonisation and import quota 

¶ A fixed indigenous natural gas production based on bottom-up data collected from 

9ǳǊƻǇŜŀƴ Ǝŀǎ ¢{hǎ ŀƴŘ ŦƛȄŜŘ ōƛƻƳŜǘƘŀƴŜ ǇǊƻŘǳŎǘƛƻƴ ōŀǎŜŘ ƻƴ 9b¢{hDΩǎ ōƛƻƳŜǘƘŀƴŜ 

ƳŜǘƘƻŘƻƭƻƎƛŜǎ όōŀǎŜŘ ƻƴ bŀǾƛƎŀƴǘΩǎ άDŀǎ ŦƻǊ /ƭƛƳŀǘŜέ ǎǘǳŘȅύ 

The gas supply sources include: 

¶ For methane: natural gas (with/without CCS), biomethane, power-to-methane 

¶ For hydrogen: power-to-hydrogen, blue hydrogen (including SMR+CCS and Methane 

Pyrolysis) 
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The logic is to estimate the primary energy demand per gas source by: 

¶ Applying a decarbonisation target, which can be reached by increasing the share of 

renewable gases or the application of pre- or post-combustive CCS 

¶ Applying a specific import quota expressing the share imported gas and the need for 

indigenous production of gaseous fuels 

 

The objective is to calculate the primary energy demand per gas type and source and net 

emissions calculations. 

The methodology enables capturing limits of indigenous production for natural gas and 

biomethane, whereas it allows for technology neutral approach when it comes to the 

decarbonisation of the gas mix. It also accounts for the international character of gas supply 

allowing for different important quotas. 

The electricity demand for P2G is an outcome of the gas supply methodology, which then must 

be considered in the electricity generation section. 

4.2.3 Emissions calculation  

The CO2 emissions in the energy sector are calculated multiplying the primary energy demand 

per fuel with the fuel-specific CO2 emissions factor (in g/kWh). 

For non-CO2 emissions and LULUCF, the Ambition Tool refers to country-specific values given by 

9/Ωǎ 9¦ wŜŦŜǊŜƴŎŜ {ŎŜƴŀǊƛƻ нлмсΦ hƴ ŀƴ 9¦ну ƭŜǾŜƭΣ ǘƘŜ 9/-ǎǘǳŘȅ ά/ƭŜŀƴ tƭŀƴŜǘ ŦƻǊ ŀƭƭέ Ƙŀǎ ōŜŜƴ 

taken as a reference. 

Carbon Capture and Storage (CCS) as a carbon removal technology can be applied in industry 

and to power plants. The CO2 capture rate is 90 %. 

Bioenergy CCS as a net-negative emissions technology can be applied to biomethane production 

and power plants. It also has a CO2 capture rate of 90 %, but due to its renewable CO2 source, it 

results in negative emissions. 
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4.3 Data source and reference  
For the Ambition Tool starting point ENTSOs adopted the use of official EU statistics from 

EUROSTAT. EUROSTAT data is provided by member states directly to European Commission (see 

here), for the purposes of energy balance it was deemed a suitable reference source. Other 

reference material was based on other EC studies, such as the PRIMES model or EC Long Term 

Strategy studies. 

The following table gives an overview of data and references in the Ambition Tool: 

Table 2 Source Reference data for Joint ENTSO Ambition Tool.  

Data type Source Link 

Final Energy Demand EUROSTAT ς Energy Balance sheets 
2015 

Link 

Primary Energy Demand EUROSTAT ς Energy Balance sheets 
2015 

Link 

Non-CO2 GHG Emissions and 
LULUCF 

EC - EU Reference Scenarios 2016 
 
EC - A Clean Planet for all, A European 
long-term strategic vision for a 
prosperous, modern, competitive and 
climate neutral economy 

Link 
 
Link 

Population projections EC - EU Reference Scenarios 2016 Link 

Sectoral technology and fuel mix  EUROSTAT ς Energy Balance sheets 
2015 
 
EC - Mapping and analyses of the 
current and future (2020 - 2030) 
heating/cooling fuel deployment 
(fossil/renewables) 
 
UK Department of Energy and Climate 
Change - United Kingdom housing 
energy fact file 

Link 
 
Link 
 
 
 
Link 

Efficiencies for heating technologies 
in residential and tertiary sector 

ASSET - Technology pathways in 
decarbonisation scenarios 

Link 

Efficiencies in transport sector 9b¢{hǎΩ own forecast  
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4.4 Moving from an EU-28 Ambition to Market Level Detail  

4.4.1 Overview - Motivation  

All European countries differ in their demand size, its sectoral structure and its supply structure. 

This boundary condition has a major influence on the future development of demand and supply 

side, which has been taken into account. This is why the process step άregional scenario 

feedback loƻǇέ was introduced into the overall scenario building process with the aim to 

incorporate country specific details in the quantification of the two top-down scenarios 

Distributed Energy and Global Ambition. 

On a country specific level the following άdemand size factorsέ are playing a key role: 

¶ Residential sector (mainly heating demand) 

o Number of people 

o Persons per household 

o Efficiency (e.g. isolation of buildings, improved efficiency of heating 

technologies) 

¶ Tertiary sector 

o Growth of the sector 

o Efficiency 

¶ Transport sector (split into passenger transport, freight, aviation) 

o Evolution of transport need in different segments 

o Vehicle energy efficiency development (excluding efficiency gains from fuel 

switching) 

¶ Industry sector 

o Growth of industrial production 

o Efficiency 

4.4.2 Gaining Insight from Regional Groups and ENTSOG Scenario Working Group  

As already mentioned, tƘŜ ǘŀǊƎŜǘ ƻŦ ǘƘŜ άregional scenario feedback ƭƻƻǇέ ǿŀǎ ǘƻ ǘŀƪŜ ƛƴǘƻ 

account country specifics in the Ambition Tool files for the scenarios Distributed Energy and 

Global Ambition during the quantification of the final energy demand by sector (Residential, 

Tertiary, Industry and Transport). 

Once the country-specific Ambition Tool files were available, they were aggregated to total 

figures for each of the top-down scenarios to display the EU wide trends on the gas supply, the 

electricity supply and GHG emissions sides. 

For the compilation of the electricity demand time series, which is the next step of the scenario 

building process, the country and sector specific demand figures of the Ambition Tool files are 

one of the key inputs. In the end this input data specifies the future development in each of the 

market nodes in terms of hourly electricity demand as well as the daily demand for gaseous 

energy carriers. 
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The EU28 top-down scenarios built in Ambition Tool show an overall European perspective; 

therefore, it does not reflect country specific differences. To make the Ambition Tool files useful 

for each market area demand profiles it is necessary to check whether the generalised 

assumptions from a EU28 level are relevant on a country by country basis. To capture the local 

differences a άǊŜƎƛƻƴŀƭ Ǝroup scenario feedback ƭƻƻǇέ ǇǊƻŎŜǎǎ, aimed at taking regional 

knowledge onboard. The regional group consistency checks with the process steps are described 

as follows: 

First step 

For all relevant countries the Ambition Tool files have been pre-parametrized centrally for the 

scenarios Distributed Energy and Global Ambition. 

Second step 

Then the countries specific Ambition Tool files were handed over to the different Regional 

Teams (see following section) for the feedback loop. For each Regional Team consistency 

checks where performed in two directions: 

¶ Are the developments inside the group fitting together?  

¶ Is the overall development of the team consistent with the two storylines? 

 

Third step 

After the finalization of the feedback loop, each file was subjected to a central consistency check 

of Working Group Scenario Building. 

4.4.3 Regional Teams 

aƻǎǘ ƻŦ ǘƘŜ ǊŜƭŜǾŀƴǘ ŎƻǳƴǘǊƛŜǎ ǿƘŜǊŜ ŀǎǎƛƎƴŜŘ ǘƻ ŀ άwŜƎƛƻƴŀƭ ¢ŜŀƳέ 

¶ North Sea 

¶ Continental South West 

¶ Continental Central East 

¶ Continental Central South 

¶ Continental South East 

¶ Baltic Sea 

consisting of the following countries: 
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FIGURE 10: REGIONAL TEAMS 

9ŀŎƘ ǘŜŀƳ ŀǎǎƛƎƴŜŘ ƻƴŜ ƳŜƳōŜǊ ƻŦ ǘƘŜ ²D{. ŀǎ ŀ άth/!¢έ όPoint of Contact Ambition Tool) - 

to coordinate and support the data collection in the specific team. 

For the task of per country data ENTSOG (Scenario Working Group) and ENTSO-E (Regional 

Groups) members were simultaneously requested to coordinate within each country (mainly 

between electricity- and gas-TSOs) and the POCAT of the Regional Team. 

In order to support each country, one webinar and one joint WGSB, WG Scenarios, Regional 

Groups workshop were held. 

4.4.4 #ÈÁÌÌÅÎÇÅÓ ÉÎ ÔÈÅ Ȱ2ÅÇÉÏÎÁÌ Team scenario feedback ÌÏÏÐȱ 

The new feedback loop process of collecting country specific insight for the scenarios for the 

Ambition Tool files for otherwise purely άtop-downέ ŘŜŦƛƴŜŘ ǎŎŜƴŀǊƛƻǎ Ƙŀǎ ƎŜƴŜǊŀǘŜŘ ƴŜǿ 

challenges for the TSOs in the different countries: 

¶ The Ambition Tool files describe a consistent demand trajectory per sector ς it is not 

just a collection of some (independent) electricity and gas input, but electricity- and 

gas- TSOs have to define together the development 

¶ The Ambition Tool files should be consistent with the top-down storylines of the 

scenarios. These storylines do not necessarily represent the countries (TSOs) 
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views/plans or expectations for the future. The countries were nevertheless asked to 

provide data fitting to the storyline.  

4.4.5 Default values  

Some countries did not provide values for the two scenarios on their own. For these countries a 

process for generating default values based on 

¶ 2015 EUROSTAT data (if available) and 

¶ άTǊŜƴŘǎέ ŘŜŦƛƴŜŘ ƛƴ ǘƘŜ 9¦ну !mbition Tool-files had been applied.  

4.4.6 Additional countrie s 

The ENTSOsΩ grid modeling is covering an area larger than the EU28 countries. In addition to 

EU28 the following countries are (partly) modeled and therefore data for the countries have to 

be collected/defined prior to further scenario building steps: 

ENTSO-E: 

¶ Crete (GR03) 

¶ Corsica (FR15) 

¶ Malta (MT) 

¶ Ukraine (UA) 

¶ Iceland (ISOO) 

¶ Israel (IL00)ς MEDTSO 

¶ Morocco (MA)ς MEDTSO 

¶ Tunisia (TN) ς MEDTSO 

¶ Turkey (TK) ς MEDTSO 

¶ Algeria (DZ) ς MEDTSO 

 

ENTSOG: 

¶ North Macedonia 

¶ Switzerland 

¶ Bosnia Herzegovina 

¶ Serbia 

 

Data for these countries have been collected through a bottom-up approach or via MED-TSO. 
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5 Final Use Energy Demand 
Final use demand is an essential input to the scenario building process. Figure 11 provides an 

overview of the steps before and within the final use demand building process. The output of 

the process is higher time resolution electricity and demand profiles used in techno-economic 

modelling. 

In the first step, the storylines and the scenario building matrix influence the composition of 

final use demand; this is reported at an EU-28 level in annual energy volume terms. The next 

step in the process is to breakdown the EU-28 annual volumes to market zone detail, once again 

in annual volume energy terms. Once the market zone annual demand is available, the demand 

profile building process can start. This section will provide detail on how higher temporal 

resolution electrical and gas demand profiles are created that can be used by power and gas 

market modelling tools. 

 

FIGURE 11: OVERVIEW OF DEMAND BUILDING PROCESS FOR GAS AND ELECTRICITY 

The scenario building process uses the EUROSTAT definition of 

final use demand (consumption)3, the Ambition Tool process 

quantifies the annual volume of demand in terms of residential, 

industry, tertiary and transport. Final use energy demand can be 

supplied from a variety of primary energy sources or energy 

carriers; these are solids such as coal and lignite, oil, gas and 

electricity carriers. For the purposes of ENTSO-E and ENTSOG 

scenarios the ENTSOs are interested in underlying demand growth along with fuel switching 

within sub-sectors of the economy. The changes in what fuels balance final use demand will 

impact the future demand for gas and electricity; for example, a high temperature industrial 

process, may switch from coal to gas, or oil based transport may switch towards electricity.  

                                                            
3 EUROSTAT Statistics Explained: Simplified balance for electricity and derived heat 
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FIGURE 12: HIGH LEVEL DESCRIPTION OF SCENARIO BUILDING AMBITION TOOL, FINALE USE DEMAND HIGHLIGHTED IN ORANGE 

A high-level summary of the overall description of the demand building process is detailed in 

Steps 1-7. These are consistent with Figure 11. 

Step 1:  Storyline Matrix 

The storyline matrix provides an overview of what characteristics will be attributed ǘƻ ǘƘŜ άtop-

dƻǿƴέ ŘŜƳŀƴŘ ǇǊƻƧŜŎǘƛƻƴǎΦ CŀŎǘƻǊǎ ǘƘŀǘ ǿƛƭƭ ƛƳǇŀŎǘ Ŧƛƴŀƭ ǳǎŜ ŘŜƳŀƴŘ ǎǳŎƘ ŀǎΣ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ 

of thermal insulation in buildings, efficiency of end-user appliances, industrial production 

growth rates, population growth, fuel-switching technology i.e. moving from internal 

combustion engine cars to electric vehicles. The application of the input levers will change the 

annual volume shares and composition of what makes up final used demand within the 

residential, tertiary, industry and transport. 

Step 2: Ambition Tool: annual final use demand based EU-28 

Final use demand is charted to show the evolution of final use demand projection over the time 

horizon for each storyline. The starting point of final use demand is based on EUROSTAT 

statistical energy balance data4. The charts are useful to ensure that the storyline consistency is 

maintained through the time period 2015 to 2050. Figure 13 provides an illustration of how final 

used demand could be projected to evolve over the 2015 to 2050 time horizon. 

                                                            
4 EUROSTAT Energy Balances: LINK 
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