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1 )T 00T ACAOGET 1T OYMNDRsSEehariéBuididg PioGess

1.1 Joint electricity and gas scenarios

For the 2®0 Scenariosdition, the ENTSOs for gas and electricity hageinpooled their
expertise to provide a joint set of scenarjdge 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 December 2016 and details the foundations of the joint scenario
building process.

2 KIFd NB3IdA I GAz2zy adl 6SaxX

According to Article 8(3)(b) of Regulation 714/2009 and Article 8(3)(b) of Regulation715

ENTSEE and ENTSOG have to publish ti®NDPs on a biennial basis.

Annex V of Regulation (EU) No 347/2013, covering the methodology for a harmonised

systemwide costbenefit analysis for projects of common interest, specifies that:

(1) The methodology shall be based on a common inpkt dati SG NBLINBaA Sy G Ay

and gas systems in the years n+5, n+10, n+15, and n+20, where n is the year in which the a

performed. This data set shall comprise at least:
(a) in electricity: scenarios for demand, generation capacitly fuel type (biomasg
geothermal, hydro, gas, nuclear, oil, solid fuels, wind, solar photovoltaic, concentrated
other renewable technologies) and their geographical location, fuel prices (including bic
coal, gas and oil), carbon dioxide pd¢the composition of the transmission and, if relev
the distribution network, and its evolution, taking into account all new significant gener
(including capacity equipped for capturing carbon dioxide), storage and transmission p
for which a final investment decision has been taken and that are due to be commissio
the end of year n+5;
(b) in gas: scenarios for demand, imports, fuel prices (including coal, gas and oil),
dioxide prices, the composition of the transmission netwamnd its evolution, taking int
account all new projects for which a final investment decision has been taken and that &
to be commissioned by the end of year n+5.

TABLE IREGULATORY REQUIREME

Geographically,ite scenarios go beyond the 28 to the ENTSE & ENTSOG perimetdhat
includes members, observers and associated partners. In total over 80 participants, covering
more than 35 countries, are involved in the process.

Gas andelectricity TSOs are in a wpie position to provide quantitative Europedocused
scenarios on the impact of the energy transition on the European Electricity and Gas
infrastructure needs and challenges for the letegm horizons.

The framework for the joint ENTSOs scenarios agased during the development process for
TYNDRO018. The framework enables the ENTSOs to create storylines that are consistent up to
the 2060time horizon and illustrates that uncertainty increases overttime horizon.However,
storylines ardranslatedinto scenarios up to the 2040 time horizon providing sufficient data for
the TenYear Network Development Pldfigurel graphically represents this framework, using

the circles to show that the spread between the scenatieeomesgreater, but within a
plausible range of possibility.
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® @ Bottom-up Scenario

‘o @@ Top-down Scenarios
Merit-order Switch
. e T ) “Gas before Coal”
o T -
2 chnarlos 3 Sc'e_narlos 3 Sc‘e>nar|os 2 Scenarios
(Merit Order (Quantified annual (Quantified annual (Quantified annual)
Switch) down to hourly ) down to hourly )

FIGURHE: HIGH LEVEL FRAMEVOFOR JOINT ENTEQ ENTSOG STORYLINES

1.2 A two-year long building process

The scenario development is a biennial process. ENTSOs initiated the development of the 2020
Senarios in February 2018 with lassonlearned session on the previously published 2018
Scenarios. The first external communicatamturred at Storyline Workshop on #May2018

This wadollowed by a public consultatioon the proposed storylines and the publication of the
Storyline ReportAt the same timethe ENTSOs have worked on the quantification and drafting

of the Draft Scenario Report.

The publication of théraft Scenario Report marks a key milestone. It corttaillthe relevant

information, assumptions and data of the ENTSOs{ OSy I NA2ad® 9b¢{ha yz2¢ I
for their feedback during a6-week consultation. Taking the feedback received into
consideration, ENTSOs will publish their final repo@ir2020.

29t May 2018 Public Public Release
Stakeholder Release of Scenario
Feb Workshop of Storylines Outcomes
2018 Q22019 Q32019

Lessons Storyline . TSO Data Scenario Scenario Scenario
Consultation - .

Learned Development collection construction Consultation Report

Workshop for Release

of Scenario Report
Q4 2019

Scenario Development e e Scenario Preparation
F l for TSO market
Methodologies Methodologies Models

Interaction with EC and ACER

FIGURR: HIGH LEVEL STEP&@E AND ELECTRIAIYMDPS 2020 SCENABUILDING, INCLUBMORE DETAILED SEEND
STEPS
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1.3 From storylines to scenarios

9b¢{haQ A0SYIFINA2& | NB o0dzAf (i dzLl2y &ad2NEBfAYSA LINE
the scenario quantification. They define the climate and energy targets, technology preferences

and societal and economic aspects. Following the storylifes stenario quantification and

relevant data collectiomakes placan a multistep approach.

ENTSOs crosectoral scenario building combines the expertise of gas and electricity TSOs.
Building upon the experience of previous scenaribe joint scenari@ O2 YO0 AYS 9b¢{ hDQ&
ENTSEQ dethodologies, and where possible create new joint methodologies.

uStorylines & Stakeholder Engagement

wConsultation

ubata Collection

uData Validation (Translation)
v oY otal Energy Scenarios with ENTSOs' Ambition Tool
‘ wGas peak demand cases and electricity demand curves
g winvestment Power Market Simulation

uBiomethane Production Quantification

‘ uExtraEU Gas Supply Potentials
oPowerto-Gas Distribution and Optimisation
oResults, Drafting, Visualisation

v wConsultation )
u$cenario Analysis, Discussion & Report )

I JL I JCJ

FIGURB: SCENARIO BUILDINTEBS

The joint ENTS®D®orking groupscenario building (WGSB)composed of TSO members from
both gas and electricity TSQSgure4 provides an overview of the scenario building working
group, the structure fits with the various processes descriw@din this document
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Core Team (Total 6 Members)

Secretariat ENTSOE & ENTSOG (4 Members)
Convenorship (2 Members)

Ambition Tool Demand Team
Team (6-8 Max) (6-8 Max)

Quality Control Team Innovation Team

(6-8 Max) (6-8 Max)

FIGUREB WORKING GROUPS SEEND BUILDING INTERINSTRUCTURE

Taking into account the higlevel scenario framework shown ligurel, ENTSOs used different
approaches tduild their three scenarios:

A Bottomrup Scenario: one scenario particular use®ottom-up collected data, which is
based on clear data collection guidelines defining the characteristics of the data
requested Both the gas and electricity TS®ere askeda provide data concerning gas
and electricity demand, production of gaseous fuels and power generation fleet.

1 Topdown Scenarig two scenarios are futtnergy scenarios capturing all fuel and
sectors as well as a full picture of primary enedgmand. For this, ENTSOs have
developed tkeir own energy balance tool called tianbition Tool.
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1.4 How to read this document
The structure of this documents follows the scenario building process:

1 Section2 - Storylinedevelopment andelectionoutlines the process step$Btorylines &
Stakeholder Engageme®®¥onsultatiof2

f Section3 - Bottomup2 dzi f AySa GKS LINR OS 3 Datadvalfdtisny W5 I |
(Translation®

I Section4 - Ambition Tool Methodologies and Calculatianglines the process step
Wotal Energy Scenarios with ENTSOs' Ambitior{2T ool

I Sections - FinalUseEnergyDemandoutlines the process stefas peak demand cases
and electricity demand curves

f Section6 - Allocation ofPower SectoiCapacities?2 dzii f Ay Sa (i K PowkdNR OSaa
Market Simulatio®

1 Section7 - Gassupply

1 This chapter describes the maitorylines assumptions and methodologies with regard
to the gassupply mix, gas source composition and gas supply potentials.

ENTSOs scenarios differentiate between tgse, gas source and importsr indigenous
production.

Gas typesThere are two different @stypes, which arenethane and hydrogerFor National
Trends a gas mix (based on methane as for natural gas) was considered. For Distributed Energy
and Global Ambition hte quantification ofthe type-specificdemand is described in Sectidn

Gas sourceShedemand for thewo differentgas typesan be supplied bsultiple gas sources,
which can banon-decarbonised, decarbonised and renewable

For methane gas sources are:
1. Naturalgas as an-decarbonised source
2. Natural gas with postombustiveCC&s cecarbonised source is
3. Biomethane and synthetic methane via P2Gasewable sources are

For hydrogengas sources are:
1. Natural gas with SMR asn-decarbonisedource
2. Natural gas with SMR+CCU/S or methane pyrolysis@loonised source
3. P2G asenewable source

Imports and indigenous/national production: both gas types from each source can be either
produced indigenously or imported from outisi 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 7D&& to declining national production
in the EU28, this share will further increase in the conyiears.

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 Ambiti@onsiderassumption on tk import share in 2050.
Global Ambition is based on the assumption that the gas import share will keep its 2015 level till
2050. Distributed Energyonsiders dalvingof the import share to 35% of the total gas demand

by 2050.

The import demand in termsf@nergy volumes is then the difference of the total gas demand
and dl indigenously produced gases.
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1.5.2 Decarbonisation
For the National Trends, the decarbonisation is given by the botipndata for indigenous
production ofrenewable anddecarbonised gasedNo further assumptions or methodologies
were applied.

For both Global Ambition and Distributed Energy, the decarbonisation of the gas supply is
0 I & S Fstollifie 2aStrong development of methane (C@2utray ¢  2studyiTkeSole

of TransEuropean gas infrastructure in the light of the 2050 decarbonisation tagetme by
Trinomics for the European Commission.
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FIGURB9: DEVELOPEMENT OETBEAS MIX

Following the increase in renewable and decarbonisedeg as shown ifrigure 39, the
decarbonisatiomrate 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%

1 Gas Supply Potential Methodology, Analysis and Resuliines the process step
W A2YSOKIYS t NPRAzZOUA 29! viod F i &ZROT & AR Y QS Y ¥ RI

f Section8 - Powerto-Gas2 dzii f Ay Sa (KS LiBeSDistibutdniéhd) Wt 26 S|
hLIWGAYAALF GAZ2YQ
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2 Storyline development and selection
The scenarios which wedeveloped for TYNDP 2018 used the following storyline names:

9 Sustainable Transition
9 Distributed Generation
9 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
continuouslyevolving,and it is important to capture the biggest drivers amnends influencing

the energy system and most importantly the infrastructure development. During their «lessons
learned» session the ENTSOs identitieel following drivers to be taken into account in the
Scenariogor the TYNDP:

1 Decarbonisation: The levelf decarbonisation is a main driver for investments and
therefore technology improvements. Current climate targets of the EU and its member
states vary between 8% to 95% CQreduction by 2050. Some countries have also
announceda full decarbonisationy2050.Furthermore the EU and therefore each of
its memberstates has ratified the Paris Agreement. The recgmilylishedlPCC Special
Report indicates much higher needs for decarbonisation for 2@8§0formulating a
carbon budget, the Special Reportshalso further solidified decarbonisation targets.
Therefore, the decarbonisation target of the ENTSOs scermhfi storylines for
consultationdiffered from «Behind the Talgets»less than 8@ CQreduction to 80¢
95% CQreduction to even more ambibus Pariscompliantl,5-degreescenarios.

1 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 stwments in local photovoltaic and
biomethane in a more decentralised scenario, a centralised scenario tends to consist of
higher levels obffshorewind parks and energy imports.

The ENTSOs developed five draft scenario storyliBesed on the feedback oeived from
external and internal stakeholders, three were chosen to be developed into final scenarios:

- National Trends (NTisascenario based on National Energy and ClinRtaas(NECB)
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 fundamentgtinciples National Trendswill be compliant wih the
9| Qa dinate andEnergyFHamework (326 renewables, 38 % energy efficiency)
and EC2050 LongTem Srategy with a1 agreed climate target of 8@ 95% CQ
reduction compared to 1990 levels.
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- is a scenario compliant withhé 1,5C target of the Paris
Agreement. Itlooks 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 PoweiX, but alsoimports of energy from
cheaper sources are considered as a viable option.

- Distributed Energy (DEis a scenario compliant with the E® target of the Paris
Agreement. Itembraces a deentralised approach to the energy transitioA. key
feature of the scenariois the role ofthe energy consumemwho activelyparticipaesin
the energy marketand heti 2 RNA @S G KS & & Zouidvesingins@&iOlF ND 2 y A &
scale solutions and circular approaches.

Decarbonisation Ambition Level

Game Change Cost
Reduction Development

gop 1000 De-centralised
2050 | 7
nnovation
c 60% \
g Length of arc reflects
© the range of possible
K%} D outcomes
©
=
c
(] Scenario
3 Year&
o Scenario
Button
. National Trends
STATUS QUO National Trends
. NECP alignment
. 2025Merit Order Switch
Gas before Coal
5 . Global Ambition
= "
g Distributed Energy
©
=
c
Q
O 2050
Centralised
Game Change& Cost ' 80% 100% Innovation

Reduction Development

FIGURB: KEY DRIVERS OFNAAHO STORYLINES
a2NB AYTF2NXNIGA2Y OFy 068 RepodfitR. Ay 9bc¢{haQ CAYLE

2.1 The Storyline Central Matrix

TheSenarioBuildingCentral Matrix isa tool usedo identify the key elements of thetorylines.
TheCentral Matrix enables creation of scenarios consistent along a pathwaydifferentiated
from other storylineslt is inportant to remember that theCentral Matrix represens an overall
EUlevel view

The Central Matrix is a table that can provideEJwide qualitative overview of key drivers for
the European energy system2050 The matrix uses +ihdicators to showhow primary energy
mix and final energy usehange compared tgectors are assumed to change from todhys
important to note thatcountry leveland/or regional differences will be presenthen compared
to the EU28 figuresthe differences aralriven by factors such awational policy, geographical
and/or technicakesource constraints.
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9 entso®

To understand the matrix notation, the following assumptions must be considered

o0 The growth or reduction indications are in relation to whstseen 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 ++Bigtributed 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 starpogt 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 the scenarios are met.

Final energy use sectors have been grouped into key categiigslow temperature hea,
transport, power and lighting)with indicators for the expected development of the total
demand of energy use, and then the resulting effen 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 thas on some of the categories.

For example:

0 The transport overall energy demand is expected to decrease as traditional internal
combustion engines become more efficient, switohalternativefuels 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

0 Biomethane is produced from anaerobic digestion or gasification feedsidukh are
categorised under biomass

0 The primary energy source fgas produced fronpower-to-gasis solar andor wind.
However power-to-gas has a separate row in the Central Matrix.

o0 Imported energy is represented in the primary energy mixhas 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 domangetin Europe above 500°C.
Low temperature heat: usage for space heating and hot water.
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TABLHE: STORYLINE MATRIX

Energy
Imported Renewable and decarbonised Gas _— +
Wind onshore _— 4
Wind offshore _— ++
Solar for P2G _— P
Imported Green Liquid Fuel _ +
Total demand (all energy) -- .
Electricity Demand _— ++
Gas Demand 0
Total demand (all -- -
energy)
Electricity Demand _— +++
Total demand -- o
Electricity Demand -- +++
Gas Demand _ +
CCS for power +++
CCS in Industry
Legend
Change -- - 0 + ++ +++
from N'ot Modere}te Low. Stable Low Moderate High
Today available Reduction Reduction growth growth 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
nationaland/or panEuropean climate ambitionghis parameter is introduced into the overall
scenario building process at an early staGiear GHG emissions reduction targets have been
set by the European Union for 2020 and 2030 as part of the pathway towas earbon
society in 2050by reducing GHG emissions by-3%% compared to 1990 levels. The 2020
Climate and Energy Package fotitmsbasis for 20 cut in GHG emissions by 2020 and the 2030
Climate and Energy Framework sets the target fo##feductiorby 2030.

All storylines are translated into scenarios that, at a minimum, aim to achieve the
aforementioned targetsNational Trendswill rely on the latest information available from draft
NationalEnergy anddimate Plansand NationaDevelopment Plans (NDPs). This will ensure that
the scenario is compliant with national and EU climate targets.

However, ENTSOs acknowledge that the target oPthies Agreemenbf keepgngtemperature
rise below 1.5°C, as compared to pnelustrial timeswill not be met by only intermediate GHG
emissions reduction targets for 2030 and 2050. Theref@ebal Ambitionand Distributed
Energyconsider a carbon budgéncludng emissions and removals from agriculture and from
Land Use, Land Use Change ane$ioy (LULUCF).

The IPCC Special Report on warming of 1.5°C (SEUL8)provides evidence as to wiayl.5°C
increase in global mean surface tempenat is a critical thresholdor the earth. Te report
addressed the question; lmat is the maximum level of anthropological emissions that can
emitted (set against various probabilitigsbefore irreversible climate damage @one. The
report enablesgovernments and agencies to calculasebon budgetshat are compatible with
pathways to lower emissions withinla5°Cincrease in temperature

TheOb¢{ ha KI@ZS a2dzakKid SELISNI 2LAYAZY RBy#dKI G GKS
to this extent have consulte€AN Europe and the Renewabl@rid Initidive. To build the

Carbon Budget compliant scenartbe ENTSOs will use a carbon budget figure & G8CQ

based orii K S p@gulidnshare.

Although all storylines are heading towards a decarbonised future for the EU, they all differ
substantially irtheir 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 consideredrigure6 (Please note, that whereas the decarbonisation

paths for DE and GA are based on own calculations, values givBiT fare based on figures

IAGSY Ay GKS 9/ Qa addzRe a4/ tSFy LXFYySaG F2NIFEf¢
2050).
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FIGURB: STORYLINEPECIFIDECARBONISATION PRWAYSINCLUDING LULUCF)

As an exampl&zlobal Ambitionlooks at a future that is led by large development in centralised
generation including offshore wind and PowerX. In contrast to thatDistributed Energys a
storyline that embraces a deentralised approach to the energy transition, with rooftop solar
installations linked with batteries, community or regional uses of biomass and geothermal
resources.

Itis important to understand thattese levers are n@bsolute andare 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 exteitQa | f a2 ¢ 2 NJi
mey A2y Ay3 GKIFIG 9b¢{haqQ {OSylINR2a 2yfeée F20dza 2
challenge. However, trends in centralisation or decentralisation are assumed to happen on a

global scale.
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What is aCarbon Budgét

Carbon budgets refer to the néotal of CQ that can be emittedoy an economy ovea
future time period for example: the number of tonnes of @&yuivalent emissions that ca
be emitted by the E28 in the period 2020 until 2050. Carbon budgets account
emissions in C@quivalent, & well as accounting f&€Q equivalent removalén the same
period; i.e.carbon budgets includi®ssil fuelemissions and removals from LULWEBECCS
technologies

The IPCC Special Report on warming of 1.5°C (SEK11B)provides scientific evidenceno
why 1.5°C is a critical threshold, aptbvides an assessment ©f5°C compatible carbo
budgets. These carbon budgets in SR1.5 are higher than those in the IPCC's Fifth Ass
Report (AR5 2014), mainly because of an effort of rebasifide 6Summay for Policy
Makers of SR1¢providesfour 1.5°C compatible carbon budgets (for global €@issions),
with differences due to:

1 Thelikelihood of staying within the temperature threshold: $9or 66% (which is
an expression of the number of scenariostthlow a certain carbon budget);

1 The means of temperature measurement: based on computer modelling (
(global mean surface air temperature) or computer modelling combined with 1
time observations (GMST).

The carbon budgets in the IPCC reports retethte available budgets for G@missions,
while they take into account certain limited reduction pathways for @@ emissions.
Assuming stringent emission reductions of A2 gases are in line with the deg
reductions of CO2 emissions needed for 1.88hpatible budgets, this could help i
converting COdudgets into greenhouse gas budgets that would, according to S
Coordinating Lead Author Joeri Rogelj, be approximatebs 26gher.

Based on above mentioned parameters and assumptions,glbbal carbon budget is
712 GtCQfrom 2018 onwards until the end of the centuiyhere are multiple ways to divid
the global carbon budget across countries. The main approatkespopulation and/or
equity into account.
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2.3 Top-Down Scenario Building with Carbon Budgets

New for TYNDP 2020 is the adoption of carbon budgets within the scenario development
process. The TePpown scenario process is used to convert the storylines developed through
the consultation process into quantified scenarios that arédétafle for techneeconomic
modelling exercises performed by both ENTSKD&four main steps of the scenario building
process are shown iRigure?.

Step 1:The Ambition Tool tearis responsiblefor creating ELP8 energy balance models that
reflect the storylines in terms of final use demand. This process takes into account the primary
energy sourcesand final use demand. The approagbpées policies, such astrong growth in
electric vehicles(hybrid) heat pumps andho coal in 205Gor 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 thecenarios are in terms of gas and electricity. For electricity the
WGSB innovation teamassume responsibility for developing of the investment models
requiredto distribute the renewable resourcaxededto balance the long term scenarios in
line with the carbon budget. For GaENTSOdollowed a multistep approach. Whereas
indigenous production for natural gas was collected bottomfrom TSOs, thENTSOworked
closely with the consultancy Navigant to quantify scenapecific production levels for
biomethane. For poweto-gas,ENTSOkave developed a new methodology to distribute and
optimize hydrogen and synthetic methane production via electrolysis around Htd28jas
imports, ENTSOBas worked out extrd&EU supply potentials.

Step 3 The result fromthe 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 Tofown energy balance model considers primary energy fuels and the power
market model estimated the gassage, it is possible to compare the scenario emissions with a
carbon budget.
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for final use demand Policies and targets are needed generation mix will define Energy Sources enables GHG
to meet final use gas and what energy carriers will be emissions to be calculated
electricity demand needed
sRenewables
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*Residential Generation - Primary — o
Demand *Natural Gas eElectrici Energy re:;is.:i,;s -
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P26

FIGURE: MULTFSTEP SCENARIO BUINKDPROCESS

For further information:

1 On how theAmbitionToolannual figuresire derivedseeSectiord.

1 Forgasand electricitydemandprofile methodologieseeSections.

1 For the spply mix, the ENTSOs have developed new methodologies for quantifying the
electricity and gas supply; these methodologies take into account the theme of
RSOINb2yAal GA2Y | YR ( KsBeSectdis@Nb7Rg y 06 dzR3IASG | LILIN.
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Bottom-up Data Collection
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3 Bottom -up Scenario Principles

Acore element of the ENT&&eenario building process has been the ussugiply and demand
data collected fom both gas and electricitf S@ to build bottomup scenarios. The bottom up
data colletion remains a key component of the scenario building exercise and provides useful
insights and trends that exist at a national le\Bbttom up scenarios are an important feature

of TYNDP scenarios as they show how national plans come together fr&uropean
perspective.

For TYNDRO20, National Trends is the bottorrup scenario For this storyline, best available
information for the timeframe 2020 to 204@as collected directly from the gas and electricity
TSOs. The National Trends related data catlagbrovides an important opportunity to collect

in depth information stemming from the National Energy and Climate Plans, National
Development Plans and other nationally recognized stu@exe most of the NECPs are based

on an impact assessmenttill@nz GKS ¢{haQ (y26fSR3IS Aa 1Se
2040.

Following our talks in the TYNDP Cooperation Platform with European Commissi&iCBRJ
initially submitted TSO data was further aligned with the respective Bl&&re 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 gosrnance of the energy union and climate action rulestered into force o4
December 2018, require Bdember statego developNECRhat coverthe five dimensions of

the energy uniorfor the period 2021 to 2030 (and every subsequent ten year periddinber

States had to submit draft NECPs by 31 December.2dd8t of the draft NECP provide an
impact assessment with information on the energy consumption and supply.

On18 June 2019, the European Commission published its review of the draft NECPs, including
specific recommendationdlember Statesare now required to update their NECP and submit
a final version to the European Commisdiyrthe end of 2019ENTSOs worked closely with the
European Commission and their members to align the NT Scenario with the latest draft NECPs.

Caveat upon new Eupean RES and Energy Efficiency Targets

It is the intention of the National Trendgenario to achieve the targets agreed upon by
Parliament, EC & Council on™and 19" June 2018.

TheENTSOs ai@wvare that it may not be possible to capture the latBisitional Energy an
Climate Plans (NECPs) for each member state as the draft submigeieaiie in Decembe
2018, and further negotiations will take placatil end 0f2019. That being said it is th
intention of theENTSO® liaise with the EC to aligthe scenarias close as possibleth
additional measures that can deliver tB2 % RE&nd32.5% energy efficiencfink) targets
for the EU28.
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3.2 Bottom -Up Scenario Building Process

The bottomup scenario building process requires direct communication betweemibiking
Group SenarioBuilding and dataollectioncorrespondents fogas and electricity TSOh order
to work efficiently between the groupmvolvedand to ensure proper data alignmenthe
following steps have been implemented.

Step X ENTSOs creatbe bottom-up scenariachapterof the Data Collection Guidelinsothat
it is ensurad that the data collection is in accordance with t®ryline and the required
boundary conditios.

Step 2 Bottomrup scenario gideline chapteris inclded with the ENTS&E PEMMDB Data
Collection GuidelinesENTSOG incorporate guidance notes for the bottmrdata collection
into9 b ¢ { MG Geéenaridata collecion process.

Step 3 The ENTS@ data collection process is the responsibility of WG D&Memail should
be jointly composed that calls for action frolmng TermAdequacyCQorrespondents (LACS) to
complete the PEMMDB template files.

ENTSO@ata collection process is the responsibilitWé6 Scenario.

Step4WGD&ME 2 D { OSY | NR 2 | y Perf@rbchdcks arthe & gukd@iasié D { .
errors and inconsistenciedoreover, ENTSGsheck the data on its alignment with the NECP
and EU climiz targets for 2030.

Step 5:ENTSEE use the bottomrup PEMMDB files and demand to create thettom-up
scenario. Power market simulations awerto provide the output volumes for each generation
type necessary to balance supply and demand. The gas defoapdwer is an output from the
model, which complements the gas final demand provided by gas TSOs.

ENTSOGQollects bottomup data for gas final demand figurdgross inland consumption
excluding gas demand for power generationd account for differentlimate conditions daily
figures are collected for the average case including a seastemaandfactor, 2Weekcase,
Design Casédalily figures for the gas demand in power generatioacomputed based othe
power market simulatiorresults (simulations cases are explained in more detail in Section
5.3.2).

Step 6:Bottom-up scenario results are circulated to ENFE@egional Groups and ENTSOG
ScenarioWorking 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 expertsotim sides were
requested to interact with one another. During thata collection the expertsooperatal with

their respectivecounterpart whenthere was a possibility of disagreement about common
inputslike:

1 Installed electricity generatingapacities (gafired)
1 Demand assumptions
1 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 wased as nain starting pointfor 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 ENTSOs with the opportunity to
develop future @ergy 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 anANTSEE The starting year for the model is 2015 energy balance datadbase
statistical countryspecific BROSTAEnergy Balance shediw 2015(seewebsite). One of the

main requirements for the scenario building process iselisethe ParisAgreementtargets.
Therefore, a complete energy system modall sectors, all fuelsls necessary in order to
quantify the C@emissions in each scenario.

The purposeof the Ambition Tool is to translate qualitative storylines into quantified total
energy scenarios. THeol ensures annual energy demafua all sectors and fuelsnd supply is
balancedin detail for both gas and electricity. The quantitative translatiohstorylines into
figures includes quantifying the technology changetharesidential,tertiary, transport and
industrialsectors.

The Ambition Tool provides annual energy volumes that are consistent with the scenario
storylines. The storylinesere consulted on and agreed through the joiBENTSOscenario
building processFigure8 provides an overview of the higlvel inputs and outputs that are
addressed with the Ambition Tool. Since ENES&hdENTSOGre responsible for electricity

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

- N B - S - . -—am o o E. e o . o .

7 S -~ ~
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FIGURB: HIGH LEVEL DESTRIN OF THE AMBITIOROL

Page28 of 134 —

ENTSOG AISBL: Av. de Cortenberah 100-B@@8els: Tel: +32 2 894 5100: Fax: +32 2 894 Bff6®entsoa.ewwww.entsoa.eu VAT NoBE0822
ENTSO-E aissL » Avenue de Cortenbergh 100 « 1000 Brussels « Belgium « Tel +32 2 741 09 50 » Fax +32 2 741 09 51 « info@entsoe.eu * www.entsoe.eu


mailto:info@entsog.eu
http://www.entsog.eu/
https://ec.europa.eu/eurostat/web/energy/data/energy-balances

entso®

FigureQ describes the process that guarantees the consistency of the quantification of storylines
in the Ambition Tool.

The Ambition Tool quantifiethe final use demand and the supply mix, maeecifically the
primary energy supply mixor theEU28countries

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 & kind o
proxy, as they are quantified later in the process in more detail with the help dhtlestment
model (seeSectiont).

A feedback loopwithin the overall scenario building tool chajuarantees that the following
storyline aspects are fulfilled:

1 Is astoryline compliant with the targets for energy efficiency in primary energy and final
energy use?

1 Does a storyline meet rem&ble energy targets for a given time horizon?

91 Does a storyline meet a specific carbon budget?

Storyline Groups .
(Ambition Tool) WGSB Tool Chain

\
Demand Team Innovation Te!
(Trapunta) Investment Modelling (An

*Renewables
eIndustrial Demand +Conv. Power
*Residential Generation

-G
Demand aNatural Gas as Energy Greenhouse Gas
i *Electricity Emissions
eTertiary Demand +Renewable/Decarb SaTEEs
sTransport Gases
*P2G

Q Feedback Loop D

FIGURE: TOPDOWN SCENARRROCESSHE AMBITN TOOL STEPS

Primary

In general the Ambition Tool providethe first quantification step in the scenario building
process, the outputs from the modalre then passed into the next stage of the process to
develop hourly electricity demand profiles, daily gas volumes, and more detailed breakdowns of
installed capacityor the electricity power market.

In order to account for the contrastirggorylinesof the Distributed Energyand Gobal Ambition
scenarios tweeparate Anbition Toolfiles have been developed feach of the countriefitting
to the interpretation of each of the scenaricstorylinesand its qualitative definitions in the
Soryline Matrix.
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In the storyline related mbition Toolfiles for DE and GA on the EU28 level the storyline was
completely quantified (including iterations for the differesgtting) to form a consistent story.
This includes:

1 Demand development consistent with the (quantitative) storyline matrix

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

1 Supply development consistent withosyline matrix

1 Changes in supply are feasible (fitting to potential from different RES sources and fitting
to (possible) expansion rates)

1 CQbudget targets are met

I The import mix/share on the gasipply side is met

In summary the Ambition Tool part ofdtscenario building process hie followingtwo steps
Stepl

Quantifying the final energy demand according to storwisith the distribution on the different
carriers (especially electricity and the gases methane and hydrogen)

Step2
Quantifyingof the electricity generation anthe gas supply mix according to the storyline.

9b¢{haqQ KI@ZS | LI ASR | &&dz¥Euidpkad yévelopnedtSand 2y SEL
included TSO input for scenaticountry-specific trends (more information on ttiecorporation

of country specific details is provided$ectiond.4).The following sections will provide a guide

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

4.1.1 Residential Sector
The residential section in the Ambitiorodl is used to quantify the future energy mix in
residential buildings with respect to the assumptions on

1 Demand split for the residential sector between heating/cooling (including sanitary
water) and lighting/power

Insulation andighting/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

= =4 —a A

Based on the demandBt for heating/cooling and lighting/power in the reference year 2015,
the demandfor the Residential Sectas projected by the application of a specifieampound
annual growth rat§ CAGRior efficiency gains.

Lighting and Power

Lightingpower covers tle electricity demand for home lighting, white goods and operation
energy (e.g. for shutters).

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

1 For methane (including natural gaksiomethaneand synthetic methane): staralone

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

For coal: stanealone boilers and district heating

For oil: standalone boilers and disict heating

For biomassstand-aloneboilers and district heating

For hydrogen: stanéilone boilers/fuel cells

Solar: thermal panels

Hectricity: direct heating, air source heat pumps, ground source heat pumps, district

heating

1 Hybrid solution (gas and ettricity): hybrid heat pumps consisting of both an electric
heat pump and a gas boiler

= =4 -4 —a -—a -8

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 biomethansynthetic methane
(P2G). Sourespecific supply assumptions for electricity (generation mix) and gas (quality
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specific for methane and hydrogen including assumptions orssficiency/imports) are made
the electricity generation andgassupply secton of the Ambition ToolseeSectiors 6 and7).

The logic follows a muistep approach. First the normalized heating/cooling need per
househdd 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 caphsected Finally, the Abition

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

The objective is to estimate heating/clony energy demand per fuel type and net sectorab CO
emissions.

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

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

cdl 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 thesidential sectiomfthe Ambition Tool is used to quantify the future
energy mix infTertiary Sector (mainly buildings)as he methodologies are based on the ones
applied to theResidentialSector.

Differences are:

1 Instead of population growth and persons per household, thiéagy 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 consibseseparatecompound
annual growth rate CAGIR

1 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 he assumptions an

1 Vehicle technology mix per energy source
1 Transport efficiency evolution
1 Transportneed evolution per transport type
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Transport types include

1 Passenger transport
1 Feight transport(including inlandshipping
1 Aviation(excluding extréEU 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 othemon-methane synthetic liquid fuels)

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

= =4 -4 —a A

The logic is to estimate the transport need (in terms of passenger and freight kilometers) per
transport and fuel type and derive thewesponding 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 pas&kmgér

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 enginebased velcles to electric and fuel cell based vehicles
separately from the energy efficiency improvement originating from improved vehicle fuel
efficiency andmodal shift(such as increased share of public transport).

The outcome for electricity and gas demand leraéion is the corresponding transport demand
for electricity, methane and hydrogen per transport tygexcluding international extr&U
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 kileame
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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

T Demand split in consumptions categaie

0 Space heating
Water heating
Process use
Cooking
Drying and separation
Non-heat

0 Nonenergy
1 Efficiency and production growth in each consumption category
I Subsector split with amdividual fuel mix

0 Iron & steel industry
Chemical andPetrochemical industry
Nonferrous metal industry
Nonmetallic Minerals (Glass, pottery & building mat. Industry)
Transport Equipment
Machinery
Mining and Quarrying
Food and ®bacco
Paper, Pulp and Print
Wood and Wood Products
Construction
Textile and_eather
Non-specified (Industry)
Agriculture/Forestry/Fishing/Others
Nornenergy use

O O O O o

O O O OO OO0 Oo oo o o o

As for the other sectors, also the industry section differs between following fuel types: solid fuels
(coalllignite), oil, gas (mainly methane), total renewables, waste, hydrogen, derived heat and
electricity. For the sake of simplification and due to mse of the TYNDP scenarios with a
special focus on gas and electricity, the fuel types total renewables, waste and derived heat are
aggregated tdiomassbhioliquidsivaste on a primary side.

The logic is to estimate the energy consumption per fuel typespdrsector. 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 carbemeutral aternatives by 2050.

The objective is to estimate fuspecific energy demand in thiedustrySector and net emission.
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lission system operators

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
¢2 | O002dzyd F2NJ GKS SySNH& RSYIYR F2NJ a02yadzyLdiA
demand is added to the primary energy sidel 2 y A dzY LJiA2y 2F (GKS SySNH& o
RSTAYSR | & -éoBsamyptiodzé fosvepkaris®if n@itural gas consumption to support
extraction in mining, oil or gas productio).K S I RRAGA 2yt Sy SNHe& | Y2dzyi
2F GKS SySNH& oNIryOKé¢ Ay | GFNBSG &SIFENI Aa OFftC
energy demand andreergy demand for power generation. The fraction is based on the relation
2T GO2yadzYLiAzy 2F (GKS SySNHe@& o0NJyORGSTAT2 LINA Y
SYSNEHe& olflyOS akKSSdia FT2NIunmpd® ¢KS SySNEH& RSY!I
calcuhted fuel specific.
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4.2 Step2: Electricity Generation and Gas Supply

4.2.1 Electricity Generation
Theelectricitygeneration section in the Ambition Tool is usedjtwe a firsguantified indication
of the future primary energy demand for electricijgneration with respect to the assumptions
on:

1 Gross electricity generation including final electricity demand, electricity demand for
power-to-gas, consumption of the energy branch and distribution losses
1 Generation technology mix
o0 Fossil fuels (solids,lpi
o Gaseous fuels (natural gas, biomethane, synthetic methane, hydrogen)
0 Renewables (biomass/waste, wind, solar, geothermal)
0 Generation technology efficiency growth

Theobjectiveis 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 poweth a subsequent steghe primary energy demand per
fuel for power generation and net emission calculaticas 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 efncy improvement originating from improved
generation technologies. The power plant ssdihsumption and distribution losses are
calculated based on their ratio to the gross electricity generation in 2015.

The electricity generation demand fpower-to-gas results from the decarbonisation and self
sufficiency target of the gas miwhich is described in more detail in thext section.

4.2.2 Gas Supply
The gas supply section in the Ambition Tool is used to quantify the future primary energy
demand for thegas supply with respect to the assumptions on

1 Quality-specific consumption for methane and hydrogen including final gas demand, gas
demand for electricity generation and consumption of the energy branch

1 Targets for decarbonisation and import quota

1 A fixedindigenous natural gas production based on bottam data collected from
9dzNRB LISy 3+ & ¢{ha FYyR FTAESR 06A2YSiKIyS LINEBR
YSGK2R2t23ASa 60l aSR 2y bl @A3alyiQa aDIFa ¥F2NJ

The gas supply sources include

1 For methane natural gas (with/without CCS)iomethane,power-to-methane
1 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

1 Applying adecarbonisation target, which can be reached by increasing the share of
renewable gases or the application of pog postcombustive CCS

1 Applying a specific import quota expressing the share imported gas and the need for
indigenous production of gaseousels

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 neut@bproach 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 ofgassupply methodology, which then nst
be considered in thelectricity generation section.

4.2.3 Emissions calculation
The C@emissions in the energy sector are calculated multiplying the primary energy demand
per fuel with the fuelspecific C@emissions factor (in g/kWh).

For norCQ emissions and LULUCF, the Ambition Tool refers to cospeyific values given by
9/ Qa 9! WwWSTFSNBYyOS {OSylINBERAdJRAMAHIBYYIYyioYydSy &38R
taken as a reference.

Carbon Capture and Storage (CCS) as a carbon renechabtogy can be applied industry
and to power plants. The G@apture rate is 90%.

Bioenergy CCS as am&gative emissions technology can be applied to biomethane production
and power plants. It also has a 8@pture rate of 90%, but due to its reewable C@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 sQtroer

reference material was based on other EC studies, sutheaBRIMES model or EC Long Term
Strategy studies.

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

Table2 Source Reference data for Joint ENTSO Ambition Tool.

Data type Source Link
Final Energy Demand BUROSTAT, Energy Balance shee| Link
2015
Primary Energy Demand BUROSTAT, Energy Balance shee| Link
2015
NonCO2 GHG Emissions a EC EU Reference Scenarios 2016 | Link

LULUCF

EC- A Clean Planet for all, A Europe| Link
longterm strategic vision for &
prosperous, modern, competitive an
climate neutral economy

Population projections EC- EU Reference Scenarios 2016 | Link
Sectoral technology and fuel mix | BJROSTAT, Energy Balance shee| Link
2015

Link

EC - Mapping and analyses of th
current ard future (2020 - 2030)
heating/cooling  fuel  deploymen
(fossil/renewables)

L
5
=

UK Department of Energy and Climg
Change - United Kingdom housin
energy fact file

Efficiencies for heating technologi¢ ASSET- Technology pathways i| Link
in residential and tertiary sector decarbonisation scenarios
Efficienciesn transport sector 9 b ¢ { dwa frecast
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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 their demand size, its sectoral structure and its supply structure.
Thisboundary conditiorhas a major influence on the future development of demand and supply
side which has been taken into account.This is why the process stapegional scenario
feedbacklo2 LJ&as introduced intothe overall scenario building processwith the aim to
incorporate country specific details in the quantification of thgo top-down scenarios
Distributed Energy and Global Ambition

On a country specific level the followiddemand sizdactors are playing a key role

1 Residential sector (mainly heating demand)
o Number of people
o0 Persons per household
o Efficiency (e.g. isolation of buildingamproved efficiency of heating
technologie$
9 Tertiarysector
o0 Growth of the sector
o Efficiency
1 Transportsector (split into passenger transport, freight, aviation)
o Evolution of transport need in different segments
o0 Vehicle energy efficiency development (excluding efficiency gains from fuel
switching)
9 Industrysector
o0 Growth of industrial production
o Efficiency

4.4.2 Gaining Insight from Regional Groups and ENTSOG Scenario Working Group
As already mentionedK S (i I NH Sepional Bcenafid&edbackt 2 2 LIE g1 & (2
account country specificin the Anbition Tool fles for the scenarios iBtributed Energy and
Global Ambitionduring the quantification of the finalenergydemand by sector (Residential,
Tertiary, Industry and Transport).

Once thecountry-specific Anbition Toolfiles were available, theywere aggregatedo total
figures for each of the toplown scenarioso displaythe EU wide trends on thgassupply,the
electricity supply and GHG emissi@ides

For the compilation of the electricity demand time series, which i step of thescenario
building processthe country and sector specific demand figudthe Ambition Tool files are
one of the key inputsnlthe endthis input data specifies the future development in each of the
market nodes in terms afiourly electricity demand as welasthe daily demad for gaseous
energy carriers.
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The EU28top-down scenari® built in Ambition Tool show an overall Europeperspective;
therefore, it does notreflectcountry specific difference3o make the Ambition Tool fdeuseful
for each market area demangrofiles it is necessary to check whether ttgeneralised
assumptions froma EU28 level areelevanton a country by country basi$ocapture the local
differences ad NB 3 Ardup Isdenaridfeedbackf 2 2 LI |, laiMBd@Staking regional
knowledgeonboard. The regional grougmnsistency checkaith the process steparedescribed
as follows:

First step

Forall relevant countresthe Ambition Tool files have beerpre-parametrizedcentrallyfor the
scenarios Btributed Energyand Gobal Ambition.

Second step

Then the countries specific Ambition Tool files were handed over to the different Regional
Teamgsee followingsection) for the feedback loopFor each Regional Team consistency
checks where p#ormed in two directions:

1 Are the developments inside the group fitting together?
9 Is the overall development of the team consistent with the two storylines?

Third step

After the finalization of the feedback loop, each file was subjectedctendral consistency check
of Working Group Scenario Building

4.4.3 Regional Teams
azaid 2F GKS NBftSgFyd O2dzyiNASaA ¢K

(V)
zZ
&
Qx¢
ax
>
L
<
(s}
puf

North Sea
Continental South West
Continental Central East
Continental Central South
Continental South East

i Baltic Sea
consisting of the following countries:

= =4 —a —a A
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4‘%& Baltic Sea

- ok

Continental
entral East

L
-
' =
Continental

South West —Continental

South East

i

Continental Central
South

FIGUREO: REGIONAL TEAMS

9FOK GSIFY FaaA3aySR 2y S YS vanSoNGoragt AnibKidh TooD{ . | & |
to coordinate and support the data collection in thpecific team.

For the task of per country data ENTSOG (Scenario Working Group) and-EXH&gonal
Groups) members were simultaneously requested to coordinate within each country (mainly
between electricity and gasTSOs) and the POCAT of the RegiosainT

In order to support each country, one webinar and one joint #8GNVG Scenarios, Regional
Groups workshop were held.

444 #EAT T AT CAO EI Tedniséenati@ fde@dadki AT Do
The newfeedback loopprocess of collectingountry specific insight for thecenarics for the
Ambition Tool files for otherwisepurely dop-downé RSTFAY SR aO0SylF NA2a& KI a
challenges for the TSOs in the different countries:

1 The Anbition Tool files describe a consistent demand trajectory per sectdris not
just a colletion of some (independent) electricity and gas input, but electricityd
gas TSOs have to define together the development

1 The Ambition Tool files should be consistent with théop-down storylines of the
scenarios. These storylines do not necessarily represent the countries (TSOSs)
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views/plans or expectations for the future. The countries were nevertheless asked to
provide data fitting to the storyline.

4.45 Default values
Some countes did not provide values for the two scenarios on their own. For these countries a
process for generating default values based on

1 2015 EUROSTA®&ta (if available) and
T GINBYRaé¢ RSTA yBoRionATgokilaskadl be@n applied.)

4.4.6 Additional countrie s
The ENTS@ygrid 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:

ENTSEE

Crete GR03)

Corsica (FR15)

Malta (MT)

Ukraine (UA)

Iceland (ISOO)

Israel (ILO@MEDTSO
Morocco (MAy MEDTSO
Tunisia (TNg MEDTSO
Turkey (TK§ MEDTSO
Algeria (DZ3 MEDTSO

=4 =4 -4 4 -4 -8 a8 _—a -8 -2

ENTSOG:

North Macedonia
Switzerland

Bosnia Herzegovina
Serbia

=a =4 —a -

Data for thesecountries have been collected through a bottamp approach or via MEDSO.
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5 Final Use Energy Demand

Final use demand is an essential input to the scenario building prdeiggsell providesan
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 testmmomic
modelling.

In the first step the storylines and the scenario building matrix influence the composition of
final use demand; this is reported at an-28 level in annual energy volume terms. The next
step in the process is to breakdown the-E& annual volumes to market zone detaihoe again

in annual volume energy terms. Once the market zone annual demand is avahabdemand
profile building process can start. This section will provide detail on how higher temporal
resolution electrical and gas demand profiles are created daat be used by power and gas
market modelling tools.

STEP 4 STEP 5 STEP 6 STEP 7

Electricity
Demand Profile
Building

Gas Demand final gas and
for Power electricity
Generation demand

Final Use Gas
Demand

profile
Daily Volume approval

per market zone
hourly
resolution

Daily volume

FIGURE1: OVERVIEW OF DEMARDILDING PROCESRK&AS AND ELECTRICIT

The scenario building process uses the EUROSTAT definition of
final use demand (consumptioh) the Ambition Tool process
Industrial Demand guantifies the annual volume of demand in terms of residential,

*Residential
Demand

et Gemand industry, tertiary and transport. Final use energy demand can be
e supplied from a variety of primary energy sources or energy
carriers; these are solids such as coal agdité, oil, gas and
electricity carriers. For the purposes of ENTES@nNdENTSOG
scenariosthe ENTSOare interested in underlying demand growth along with fuel switching
within subsectors of the economy. The changes in what fuels balance final use demilhnd
impact the future demand for gas and electricity; for example, a high temperature industrial
process, may switch from coal to gas, or oil based transportawitghtowards electricity.

3 EUROSTAT Statistics Explaisadhplified balance for electricity and derived heat
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9 entso®

FIGUREZ2: HIGH LEVEL DESORIN OFSCENARIO BUILDINMBTION TOOL, FINAUSE DEMAND HIGHLIED IN ORANGE

A highlevel summary of the overall description of the demand building process is detailed in
Steps 17. These are consisterwith Figurell.

Step 1: Storyline Matrix

The storyline matrix provides an overview of what characteristics walipduted i 2 oS &

d2gyé RSYFYR LINRB2SOGA2yad CIFHOG2NR GKFG gAftf AYL
of thermal insulation in buildings, efficiency of eunder appliancesijndustrial production

growth rates, populationgrowth, fueklswitching technology i.e. mowin from internal

combustion enginears 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 £8

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 balanadata®. The charts are useful to ensure that the storyline consistency is
maintained through the time period 2015 to 20. Figurel3provides an illustration of how final

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

4 EUROSTAT Energy Balanch$K
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