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About FlexPlan

The FlexPlan project aims at establishing a new grid planning methodology considering the opportunity to
introduce new storage and flexibility resources in electricity transmission and distribution grids as an
alternative to building new grid elements. Tis is in line with the goals and principles of the new EC package
Clean Energy for all Europeangthich emphasizes the potential usage of flexibility sources in the phases of
grid planning and operation as alternative to grid expansion. In sight of thi§lexPlan creates a new innovative
grid planning tool whose ambition is to go beyond the state of the art of planning methodologies, by including
the following innovative features: integrated T&D planning, full inclusion of environmental analysis,
probabilistic contingency methodologies replacing the N criterion as well as optimal planning decision over
several decades. However, FlexPlan is not limited to building a new tool but it also uses it to analyse six
regional cases covering nearly the whole Euromen continent, aimed at demonstrating the application of the
tool on real scenarios as well as at casting a view on grid planning in Europe till 2050. In this way, the FlexPlan
project tries to answer the question of which role flexibility could play and ha its usage can contribute to
reduce planning investments yet maintaining (at least) the current system security levels. The project ends up
formulating guidelines for regulators and for the planning offices of TSOs and DSOs. The consortium includes
three European TSOs, one of the most important European DSO group, several R&D companies and
universities from 8 European Countries (among which the Italian RSE acting as project coordinator) and N
SIDE, the developer of the European market coupling platform EHEMIA.
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Abbreviation/Acronym

Meaning

AC Alternating Current

BRL Boland-Ridley-Lauret

CAPEX Capital Expenditure

DC Direct Current

DWD German WeatherService

ECMWF European Centre for MediumaRange Weather Forecasts
E-HYPE European Hydrological Predictions for the Environment
ENTSGE European Network of Transmission System Operators for Electricity
GMAO Global Modeling and Assimilation Office

GSEE Global Solar Energy Estimator

JMA Japan Meteorological Agency

LIMESEU Longterm Investment Model for the Electricity Sector
MC Monte Carlo

MILES Model of International Energy Systems

NASA National Aeronautics and Space Administration
NCEP National Centers for Environmental Prediction

NOAA National Oceanic and Atmospheric Administration
NUTS Nomenclature of Territorial Units for Statistics

OPEX Operational Expenditure

PanEU Pan-European

PCA Principal Component Analysis

PV Photovoltaic

RC Regional Case

RoR Run of River

SMHI Swedish Meteorological and Hydrological Institute
TIMES The Integrated MARKAEEFOM System

TSG Time Series Generation

TSO Transmission System Operator

TYNDP Ten-Year Network Development Plan

VRES Variable renewable energy sources

VWF Virtual Wind Farm
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Executive Summary

This documentdescribesthe Monte Carlo(MC) scenario generation and reductiormethodology developed
within the FlexPlan project. The developed methodology is usetb first generate a large variety nodal
generation and demand scenarios in terms ofhourly time series, respectively. The generated time series are
further reduced to a representative set of time series which are used as input fahe advanced planning tool
implemented within FlexPlan

The intermittent generation from variable renewable energy sources, the generation of hydro power
plants and the electricity demand are cosidered as stochastic inputs with respect to the grid expansion
DI ATTEIT ¢ DPOIT AT Ai 8 &I Agol AT380 AAOAT A Add dénbnd flekititlityCas ADD OT
alternatives to classical grid expansion. As sug¢hime series data isrequired as input for the advanced
planning tool in order to accurately represent the intertemporal constraints linked to the operational
characteristics of demand flexibility and storage Thus, the developed scenario generation and reduction
methodology needs to provide hourly time series for all stochastic inputs of the planning problenat hand.

The developedmethodology and implemented prototype consist ofthe following building blocks:

1 A geographic reference system based ompproximately 290 locations in Europefor time series
data

A database, containing metemlogical and hydrological information for 40 years

A time series generator for wind, solar and hydrpower generation sampling

A time series generator for demand sampling

A method to model temporal and spatial caelations of the aforementioned time series

A methodology to reduce a huge amount of operational scenarios formed by thaforementioned
generation and loadtime series to a representative set

=A =4 =4 -4 A

To develop the proposed methodologysignificant work has been @ne on the modelling of temporal and
spatial correlations between the stochastic inputs influencing expansion planning, on thidentification of
sufficient data sources(considering the limited availability of publicly available high quality historic power
system datg and on finding a compromise between the required level of detail and the computational
complexity by modelling uncertainties in large scale expansion planning problems

Stateof-the art literature was reviewed with regard to the advantages and disadvantages of different
modeling methods and their suitability to be used in the context of FlexPlanFurthermore, the designed
methods for scenario generation and reduction were analyzeand vdidated for a proof-of-concepttest case.
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1. Introduction

The transmission and distribution grid planning tool developedwithin FlexPlanaims at finding optimal
grid reinforcement and expansion measures including storage andemand flexibility over several decades
(2030-2040-2050) on a panEuropean leveland on regional levels The future energy systemanalyzed with
the FlexPlan toolis characterized bya number oflong-term visions, describing possible developments of the
energy system as well as divergent European energy policies.

The PanEuropean scenarios developed inFlexPlaninclude macro-assumptions on the generation mix and
the projecteddemand on a country levelUsing theModel of International Energy Systems (MILES) [2] [3] of
TUDortmund, these macro-assumptions are broken downto smaller regions. Thus, national installed
capacities per generation and load categonare spatially disaggregated to significantly smaller sulyegions in
each country (see& 1 A @0 D4ALI[4)O Furthermore, large scale technological trends with regard to
generation technologies and the development of conventional power plants have been considerzsl part of
the PanEuropean macro scenariosadopted by FlexPlan

The regionalized PanEU scenarios describe the wlution of the energy systemon a level that is not
sufficient to carry out detailed grid expansion studies. In order todetermine the optimal grid expansion ona
nodal and zonallevel, the pan EUscenarics have to be disaggregatedto individual nodes in the transmission
and distribution grid s such that they can beisedby the advanced planning toolFurthermore, the dependency
of non-dispatchable units, e.g.wind, solar and partly hydro power generators, on local climatic conditions
have to be considered in order to obtain realistic results within the regional studies. Therefore, a scenario
generation approach is useddetermining the hourly power generation of non-dispatchable unitsconsidering
uncertainties. To ensure maximum consistency between the maco-assumptions takenwithin the panEU
scenarios and the detailed nodal operational states considered in the regional cases, the detailed-segional
output of the MILESplatform is used as input for the developedscenario Generation and Reduction Apprdac
presented in this deliverable.

1.1. Situation of this deliverable within the FlexPlan project

The conceptual block diagrandepicted inFigure 1-1OEOOAT EUAO &1 A@o1l AT 80 EAU OA
ET OAT AAA ApbPOT AAE O OAAEI A OEAiIi 8 #A1 OOAI NOAOOEITO
addressedin WP 1. Furthermore, techndogies for flexibility provision are analyzed in depth in WR2 utilizing
apreDOT AAOOT O O1T 11 O AO Anaréefedsics, &§. B4PER BPEX Grid expdctdd liktiméO §

The same preprocessing tool is utilized to provide indications on thesizing and location of storage
candidates as well as candidateonnectionsthat are finally provided as an input to the optimizationmodel
implementedin the advancedplanning tool of WP3.
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In parallel to the development of the new planning toglPan-European scenarios are created in WP4.
These PanEU scenarios are elaborated for the years 203P040-2050 based on weHlestablished EU and
TAGET 1T Al OOEOEI|T 1ENDOSGRASOrenydat NetwdriODevelopménERan(TYNDB [5], European
targets for the upcomingdecades national regulations and other relevant aspectsuch as climate targetsThe
developed <enarios consider different restrictions concerning primary energy resources,e.g.coal, gas or
nuclear fuel, due to sociopolitical and economic aspectswWhile PanEU scenarios study potential key
indicators affecting system planning and operation, the development of a fully paBU optimization of grid
expansion case would require extensive simplifications due to computational restrictions, which are not

WP3
e N
How to value. storage in Pre-processing tool New planning tool
planning?
- J - - J
e N
How to value flexibility WP5 y
in planning? i )
N J Regional Case Studies
& y J
WP4 _ T1.4 l—
Pan-European .| Scenario generation
scenarios and reduction J
- J -

Figure 1-1: FlexPlan project conceptual block diagram

suitable for detailed network planning studies.

Thus, garting from the results of the PanrEU macraescenarios, sixRegional Casesare developedin WP5
in order to carry out detailed planning studies for the main European macrezones considering the
transmission and distribution grid infrastructure in detail. TheD OAAAAET ¢ 70860 ET OAOEI OA
in the regional casego obtain the optimal grid expansion plan for each conslered region. To do sopne hand
the maao-scenarios in terms ofinstalled generation capacities power demandand expected interzonalflows
calculated byWP 4 Pan-EU scenariosare consideredas input parameters for the planning tool On the other
hand, the pre-processor tools results in terms of flexibility characteristics, potential locationsof storage
devices and potential transmission expansion candidates are considered asptimization variables.
Additionally, the new planning tool of WP3 that is implemented based on the specifications elaborated in
WP1 is utilized to carry out the regional case studies, which includesadvanced modelling techniques in
particular:

9 Multi criteria optimization

1 Probabilistic security analysis

1 Consideration of evironmental aspects

1 Monte-Carlo scenario generation and reduction

Task v 8 yséefiario reduction approach will be directly integrated in the new advancedplanning tool
that is implemented in WP3 as an optional module. Thuspotential expansion candidatesare identified with
WP¢ 8 O -podshor tool based on the initial power flow results of WPu &ré€gional casesconsidering the
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WPt 8§ O O Ammkrodcénaridswhich are definedand time series datafor a specificyear without detailed
consideration of stochastic inputs. As such, the methodology presented within this taskprovides the
necessary link between ParEU macrascenarios and the time series input required by the planning tool,
including the stochastic representation of renewable generation and deamd.

Objectives of this document
This document is the final deliverable of Task 1.4Scenario Generation and Reduction Approackhe
document

- describes the approach to generate operational scenarios for wind, solar and hydro generation as well
as load time series based on paftU scenarios of WH,

- describes the approach to identifya subset of representative operational scenarios by clustering
techniques and thereby reduceeomplexity and calculation time of the planning problem

- discusses the modellinghoices that have been taken against the background of loterm pan-EUgrid
expansionstudies,

- discussesstate of the art techniques to model uncertainties in longterm grid expansion studies,

- presents a literature reviewhighlighting alternative methodsto the proposed method

- and demonstratesthe applicability of the method using a smallscale testcase.
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2. Definitions andappliedData

In this section, individual essential terms and parameters are defined and the specific input and output data of
the methodologyis described.

2.1.Sets, indices and data model

Variables Symbol Indices
Set of planning horizons Y N Y
Set of periods in the planning horizon Y oN Y
Set of nodes Y ENTY
Set of generators Y WY
Set of flexible demand elements Y oON"Y
Set of time steps Y oN Y
Set of specific time periods Y YON ¥
Set of macro scenarios Y a Ny
Set of historic observations Y i~y
Set of NUTS2 regions Y PNy
Set of countries Y N Y
Variables Symbol Cardinality Unit Comment

Specific period of time 96 Hours

Typical duration until a .

unit is back in operation %0 Hours

Change in electricity . .

demand in country c in YU MW

hour t due to heating

Change in electricity . .

demand in country c in YO MW

hour t due to heating

Positive absolute .

difference in  ambient L

temperature of a country oc

cin hour t in operational
scenario s and reference
SCenario Sref
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Negative absolute
difference in  ambient
temperature of a country
cin hour t in operational
scenario s and reference
scenario Sref

Capacity factor of a
technology in a specific
period of time Y’
Capacity factor of a
technology in a specific
NUTS2-region r in hour t
in an operational
scenario s

Hydro capacity factor in
a specific country ¢ in
hour t in an operational
scenario s

Number of day in year

Active energy produced
in a specific period of
time Y <

Linear | oad-temperature
sensitivity ~ factor for
heating in country c
Linear | oad-temperature
sensitivity ~ factor for
cooling in country c
Failure  probability  of
thermal power plant

Total active power
generation in NUTS-2-
region r in hour t for
macro-scenario m and
operational scenario s
Installed run of river
hydro generation
capacity at node n in

Copyright 2020 FlexPlan
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macro-scenario m

Active  hydro  power 0 ik

generation at node n in

hour t for macro- MW
scenario m and

operational scenario s

C
=g

Installed generation
capacity at node n in MW
macro-scenario m

Total installed O

generation capacity in

NUTS2-region r in

macro-scenario m

MW

Total active power O ff k

demand at node n in

hour 't for macro- MW
scenario m and

operational scenario s

I "Ov YR oM YR on Y

C2
¢
=3

Maximum active power
. MW
generation

CA
3¢
S
T

Total  active power

demand at node n in

hour t for macro- MW

scenario m and reference

operational scenario Sget

IOy "YH oM “YH N Y For renewable
generators (PV, Wind,

C2
=
=g

Active power reference

Hydro), the active
MW

power reference equals

the maximum active

power generation.

I 6N "YH oN "YH v Y MW

Ca
=
=

Reference demand
Average proportion of i

time in which a unit is %
out of order

Random number X

%
between 0 and 1
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2.2.Geographic scope

In the FlexPlan project six regional cases (RC1 z RC6) are developed, which will serve for both
validating the practical application of the advanced planning tool, and also to create results which are
necessaryto analyze the order of magnitude of the expectedbenefits of flexibility for the systemin the
medium-long term horizon. The six regional cases depicted irFigure 2-1 cover the main macro-European
zones, having each typical generation and network characteristictberian Peninsula, France and Benelux,

RC1 Iberian Peninsula
RC2 France & BeNeLux

RC4 ltaly
RCS Balkan Region
RC6 Northern Countries

Figure2-1d, &1 A @ Oebidnal 6afes O E @
Germany, Switzerland and Austria, Italy, Balkan region and Northern Europe

The fundamental input for the regional casesis provided by TU$ T OO 1 OMILESsi@ulation framework,
for smaller sub-regions in each country. A more detailed description of MILES can be found in the appendix of
&1 A @004A Pab-Buropean scenario data [4].

The regionalization module ofMILEScalculates installed capacities at zonal level as well as time series for
Renewable Energyinfeed for 34 countries in Europe, starting from National level stalled capacities defined
in the PanEU scenarios. To distribute installed capacities of REEBJLESapplies a top down approachThe
National territory of each country is divided into a number ofsub-regions. Subsequentlyvarious statistical
parameters for each region areanalyzedcarefully to generatespecific regionalization factors. The considered
statistical parameters include sociestructural data, land use, location of existing plants ancclimate
characteristics. In a second stepMILEScalculates feedin time series for each region based on historical
weather data and the assigned installed capacities. The weather data processedMiLESis taken from the
regional model COSMeEUof Germany's National Meteorological Servicgs]. A historical load profile is broken
down by means of regionalization factors and scaled to the targeted annual consumption, to generate spatially
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disaggregated timeseries d the electrical load in each sulregion. For the electrical load, a distinction must be
made between the load of househoky the service and industry sectorsBased on available data, eithethe
number of households or the population of every region is &l as main parametergo distribute residential
demand. The regional distribution of the electrical load of theservice sector is described by several
parameters without considering any weighting parametes. The gross domestic productand population
density are major indicators for the electrical energy demand. Other main parameters are the area of
commercial buildings and related open spacgeas well aghe working population of each subregion. Table 2-1
provides the considered number of subregions for each county considered in the FlexPlan regional cases.

Table2-1: Number of considered sutegions per country per regional case

Regional Case Country sub-regions [#]
Spain 599
1 Portugal 404
France 766
Netherlands 37
2
Luxembourg 11
Belgium 46
Denmark 162
Norway 168
3 Sweden 175
Finland 70
4 Italy 728
Serbia 79
Macedonia 103
Albania 165
5 Montenegro 67
Bosnia Herzejovina 240
Croatia 233
Slovenia 174
Germany 732
6 Austria 70
Switzerland 126

To ensure maximum consistency between the macro-assumptions taken in the pan-EU scenarios of
MILES and the detailed nodal operational states that will be considered irthe regional cases, detailed
information on the sub-regional levelis used as inputs forthe scenario generation and reductiordescribed in
the present report. The detailed output of MILESprovides the installed generation capacity foreach node of
the transmission grid provided by ENT SOE as an individual sub-region the pan-EU results. A full time-
series of 8,760 hours is provided for each macrescenario. This feature oMILEShelps us to avoid extensive
zonal to nodal data transformations in the following tasks ad work packages.The spatial distribution of the
considered transmission grid nodes in Europe is visualized iRigure 2-2.
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(T xAOAOh OEA EECE 1 AOA1 1 Aapplodirdafely |5,100 llocatdisErOregionaio E O 6

cases and further locations in Eastern Europe) requires an adequate scenario generation and reduction
approachconsidering generation and demand stochasticityn a similar spatial and temporal resolution.

Figure 2-2: Transmission grid nodes in Europe considered as-gdion in MILES

The Nomenclature of Erritorial Units for Statistics (NUTS) forming the so called UTSRegionsd has
been identified as a suitable geographic reference system to model spatial and temporal uncertainties in
this task, as there is sufftient data publicly available that can be integrated in the developed scenario
generation and reduction methodsThe geocode standardor the NUTS regionsis developed and regulated by
the European Union, therefore it only covers the meber states of the EUn detail.

For each EU member country there are in total four NUTS levels that are established by Eurostat in
agreement with each member state. The current NUTS classification (2018) covers 28 regions at Ni@Ti8vel
(EU Member States), 104 regions at NIEI1 level, 281 regions at NUTR and 1,348 regions at NUTS level. In
most casesthe classification is identical with the administrative structure of the Member States. However, not
all NUTSregions correspond to administrative divisions. The four hierachical levels are:

1 The population of all EuropearNUTS 1 regions is between 3 and 7 million inhabitants. However,
there are exceptions to this rule, particularly in smaller EU states (e.g. Luxemburg, Cyprus,
Estonia), where the NUTSO region (Member State) often also represents the NUTS and

Copyright 2020 FlexPlan Page9
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sometimes even NUTR level. In Germany for example the NUTFS regions correspond to the
federal States (Bundeslander).

1 NUTS2 regions usually have between 800,000 and 3 million inhabitants. In the United Kingdom
for instance,this level representsmainly the level of the counties.

1 NUTS3 regions generally have a population of 150,000 to 800,000 inhabitants. In Frandais
the level of the departments, whereas in Belgium it is the level corresponding to the

is

Arrondissements.

The NUTS2-Level offers a good compromise in terms of spatial accuracy, data availability and data
handling complexity. The regions of the NUT3-Level (2013) are visualized inFigure 2-3.

NUTS 2 regions in the European Union (EU-28) and statistical regions at level 2 in the EFTA, acceding and candidate countries. Aaminisirative Boundaries E“"G“G”g":i “:"FQOM'TSTZTISCC’)“"Z‘;:E"
antography; Euvrostat — GISCO,
(NUTS regions according to NUTS 2013 and statistical regions as agrees with EFTA, acceding and candidate countries, as of end 2016) Source: Eurostat — GISCO
T

Canarias (ES) Guadeloupe (FR)
2 -

6 100 0

Martinique (FR) Guyane (FR)
o TT—

Reéunion (FR)

Malta Agores (PT)
T ’ G

£
\ = i35 VA Y
pag eurostat @

Figure 2-3: NUTSRegions (Level 2) in Europe (2013) used as geographic reference system to model uncerta
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3. State of the Arin Scenario Generation and Reduction

The aim of transmission and distributionnetwork expansion planningis to find a set of reinforcement and
expansion measures forming a robust grid configuration tht serves the loadreliably at minimum cost for a
large variety of grid use cases.

3ETAA OEA DPixAO OUOOAI 60 AdAigpardhdble renBvaieAdnddy Gdu@esl 1
increases more and more, the total bandwidth of possible grid use cases hgswn significantly. As a
consequencetraditional planning appr oaches considering only a few selected hours as inputs, e.g. the
hours with highest and lowest load, are no longer suitable 01T AOOAOO A£OOOOA AT AOcCU
reliability. Thus, advanced methods have to be applied in power system planning to incorporate the extended
bandwidth of possible grid use cases in the future.

As the share of nordispatchable RESin the system rises, power system operation, control and planning
have to cope with increasingamounts of uncertainties. Uncertainties in the field of power systems that are
considered in FlexPlan and its scenario generation approach respectively

unplanned outages of thermal units,
intermitting generati on of renewable energy sources,
weather / temperature sensitive electricalload and

O O O o

amount of availablehydro power generation ;

These uncertainties, referred to astochastic inputs of the planning problem , are significantly impacting
power system operationas well as power systenreliability already today and will continue to do so in the
future. Thus,advancedtransmission and distribution grid expansion planning methods have to incorporate
these stochastic inputs in an adequate way to be able to deliver a robust solution. A solah is considered as
robust, if it the determined grid infrastructure is able to supply the demandin all conceivable credible
situations. To model such kind of extraordinary conditionsadequate stochastic inputs have to be chosen
incorporating credible conditions, such as doughts, cold spels, windstorms, high-pressure weather
conditions andrandom combinations of the aforementioned conditions resulting in citical eventsby so called
scenarios.

Optimization methods and/or heuristics are often used todetermine the subset of cosboptimal grid
reinforcement and expansion measures and their optimal positions in the existing infrastructure. The existing
methods differ mainly in the applied solution algorithms as well as in the considered time periodh the field
of mathematical programming optimization, decomposition approaches according to Benderé&f. [7] [8] [9]
[10]) are often applied, whereas evolutionary algorithmg11] [12] are widely usel in the field of heuristic
solution algorithms. The grid expansion problem often only considers one specific target year (static
planning) [11] [12]. Increasingly, however, thetime-coupled consideration of several consecutive planning
periods is getting in the focus of attention, whereby secalled dynamic approacheqcf. [10]) are gaining in
popularity. However, the complexity of the problem increases significantly, especially when several
periods (dynamic planning) are considered [13]. In existing approaches to solk the grid expansion
problem, uncertainties in the input variables are often represented only insufficiently or in aery simplified
form in order to keep the prodem complexity at an acceptable level.

Copyright 2020 FlexPlan Pagell

Ol



FlexPlan

A scenario typically includes forecasts of the installed capacity per generation technology and the load in
the target year based on a sealled storyline, which qualitatively describes the political and legal framewark.
In order to depict the totality of all possible future scenarios, typically three to four extreme or marginal
scenarios are defined, which form the largest possible scenario funnel and thus cover the broadest possible
spectrum of uncertainties. Basedon the identified extreme/border scenarios, detailed investigations are
typically carried out on an hourly basis for one year (8,760 hours)considering historical climatic and
hydrological conditions with regard to the necessary grid expansion requiremest Recentlya large number
of historical weather years for modelling the supply-dependent generation from wind and sun have been

one typical weather year is taken into account in detailed studies of grid expansion requirements [15].

In addition to the scenarios published by transmission/distribution system operators for the development
of the national and international energy supply system, there are a large number ofh@r scenarios[16],
which have been developed by research institutes and other institutiondt should be noted that the
forecasts contained therein for the future d evelopment of the system sometimes differ significantly from
the established extreme/border scenarios. As such, wecan conclude that the frequently practiced use of
only three to four extreme or boundary scenarios in network planning is not sufficient to ¢ over the entire
range of uncertainties in the input data.

3.1.Consideration ofuncertainties in power system planning

The modelbased determination of the future grid load under uncertainty is the subject of numerous
studies and research projects. A fundamental distinction must be made betwedhe operational and
planning perspective s. In the context oftransmission systemoperation, uncertainties in the short term have
to be considered as exactly as possible in order to adequately consider risks of critigaid situations in
advance. On the other hand, uncertainties in loagerm grid planning must beconsideredin order to reduce
risks associated with extensive investments in thgrid infrastructure. In the field of longterm grid planning
in particular the risk of sunk cost and stranded investmentsare present. The main focus of this research
project is onlong term grid planning. As such the modeling of stochastic input variables is more focused on
long-term uncertainties (climatic and hydrological conditions) and less on shorterm uncertainties, e.g.
wind and load forecast errors or power line and power plant outages

There are several different approaches to model the loagerm uncertainties and their interactions with
each other in the context ofgrid planning. On the one hand, uncertainties in the input parameters can be
explicitly represented by their sochastic properties. Thereforg it is necessary todefine a probability
distribution function for all uncertain input parameters. On the other hand, the consideration oéll
combinatorial possibilities of the uncertain input parameters (at least in theory) reprasents a further
option. Thereby, all theoretically possible combinations 0T AAOOAET DAOAIT Aré Aéanied OAAIT E
This procedure is equivalent to a brute force method or aexhaustive search approach. Furthermore, it is
possible to represent the uncertainties in the overall problem only bya limited number of deterministic
extreme scenarios, assuming these extreme conditions include all possible realizationSetting up a
(multivariate) distribution function is often very complex and not applicable to all problems. However,
multivariate distribution functions are able to model all dependencies between the uncertainties in a compact
way. In contrast, a limited number of extreme scenarios is edly set-up, but they are obviously not able to
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model the full range of the uncertainties. Furthermorethe consideration of all combinatorial possibilities is
often not possibledue to the large number of uncertainties and theiindividual characteristics, such that a
problem reduction is carried out byselecting presumably extremescenarios.

For the consideration of uncertain input variables, such as intermittent renewable energy sources,
variable hydro generation or temperature -dependent loads, stochastic modelling techniques were
developed. In contrast to deterministic methods, all (or a selected sub-set) of input and output variables
are treated as random variables. By assuming that uncertainties or variations in the input variables can be
estimated or measured, the probability density functions of the input variables are knowr{17]. In case
uncertainties in the respective input variables cannot be estimated or measured, assumptions have lie
made. The aim of the probabilistic methods is to determine probability density functions of the output
variables to measuretheir respective vaiability . Meanwhile many different probabilistic procedures exist,
which can be divided in two maingroups: Monte-Carlo simulationsand analytical procedures.

If the uncertainties were described in terms of scenarios, only the Monte-Carlo simulation can be
applied or a transformation of the scenarios into a multivariate distribution function is necessary. Most
of the existing probabilistic approaches require known, continuous probability density functiongomparable
to a normal distribution as input variables. If the input variables areonly partially known or discretely
distributed, most of the probabilistic methods become inaccurate. Thus, they are no longer applicable.

The Monte -Carlo simulation is often used in the analysis of energy systems. It isgarded as the simplest
solution method for probabilistic problem formulations and is able to deliver precise result§17]. At the
beginning of each iteration random valuesare sampled from theinput variables, subsequentlya deterministic
problem is generated and solved. With the Monte-Carlo simulation, there are no limitations regarding the
description of input variables. On the one hand it is possible to usprobability density functions and on the
other hand time series data can be used with Mont€arlo approaches as well. Thus, Mon€arlo approaches
are very flexible with regard to the inputs and therefore can be perfectly adapted to specific problem types
However, a large number of iterations is required to achieve convergencgl8]. Consequently, the
computational effort is very large[17] and increases with growing number of input and output variables[19].

In contrast to the Monte-Carlo simulation, analytical methods are computationally more effective. They
determine the relations between the input and output variables by simplifying the probabilistic problem by
mathematical assumptions. Analytical methods include convolution, Fast Fouridransformation and fuzzy
logic [18]. The convolution method isa common widely used method. With this approach all possible
combinations are considered, but it hastwo major disadvantages. On the one hand, a linearization of
nonlinear relations is necessary. The second disadvantage is the assumption of complete statistical
independence of the input data. It is therefore difficulto apply to reallife uncertainties.

Furthermore, the incorporation of uncertainties in probabilistic models can be differentiated in analytical
approaches that completely rely onprobability density functions as inputs whereas some Mont&arlo
approacheswork with huge amounts of time series data coming from a significantly large data poolof
(historical) observations or measurements Especially modeling uncertainties in power generation of
intermittent renewable energy sourcesas well asin the electrical load can be used to illustrate these two
fundamentally different approaches
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To model thepower generation of wind turbines, historic weather conditions are used in some cases, i.e. a
time series of historic wind speed near the plantslocations. The recording ofone historic year congsting of
8,760 hours is usedsubsequentlyto determine the dispatch as well as thegrid utilization [20]. On the one
hand, this procedure requires a highcomputational effort compared to an analytical approach using an
adequate distribution function to generate the samenumber of samples This is especially the case, if
probability distributions are treated analytically rather than numerically in the subseaqient analysis.On the
other hand, it is known that the consideration of only one historic year (resulting in 8,760 samples) is not
representative for future years, as climatic conditions (especially wind speed) can vary considerably
from one year to another. However, the consideration of the full time seriesis advantageous as the
intertemporal structure is not lost, against the background of the resulting gradients in wind power
generation from one hour to anotherIn [18] and[21] the wind speed is represented by a Weibull distribution.
The dependencies are modeled by the Pearson coefficient and a small number of wind turbines is considered.
Someresearch worksuse copulas, which allowsa flexible modeling of dependenciesThe concepts ofCopulas
was introduced in 1959 by Abe Sklar and is mainly used in the fields of actuarial and financial mathematics.
However, more recent works[22] apply the concept of copulas as well in the field of energy system modelling
A oopulais a function that models the dependency structure between different random variables. Here, the
marginal distribut ions and the dependency structure are modeled independently. The Copula is a flexible tool
to consider both linear and nonlinear dependencie$23]. In the previouswork, only small Copula models are
built, which consider a small number of dimensions. Usually onljwo or three variables are connected by a
copula[24] [25] [26] [27]. A much higher number of dimensions is necessaly considering realistic large-
scale infrastructures as the European transmission grictachuncertain variable at a specifidocation or node
goes along with an additional dimension, resulting in a complex highdimensional copulas In [28],
uncertainties of power plant and line failure as well asin the load forecast are illustrated by scenarios.
Uncertainties in the load are often represented by Gaussian distributions, e.g.[29] [30] [31]. In[30] the load
is additionally modelled with a gamma distribution. Furthermore, many different urcertainties are
OA D OA OAledrdnde sdenario® h  A[82T. 8lowevkr, the generation of these multiple scenarios (in
terms of different generation and load time series) doesnot follow a closed methodology . Thus, there is a
need for further research on how to incorporate uncertainties in time -series based large-scale
transmission expansion planning by a closed scenario generation and reduction method.

In summary , it can beconcludedthat analytical methodswork comparably quickly, but have only limited
flexibility with regard to problem formulation. The use of analytical methods and the associated
determination of probability density functions is often accompanied by unavoidable simplifying assumptions.
In contrast, the iterative solution algorithm by means of MonteCarlo simulation takes comparatively long
time. However, iterative problem solving offers a higher degree of flexibility with respect to the problem
formulation itself, whereby individual input variables can be treated separately with respectto their
individual uncertainties. In addition, the complexity of implementing an analytical approach increases
disproportionately with increasing size of the considered system compared to a MonteCarlo simulation,
because all uncertain input data with their respective stochastic properties- have to bemodelled explicitly,
including their correlations. Furthermore, the consideration of intertemporal properties, such asydro
reservoirs@levels of storage in analytical procedures is only possible withadditional considerable effort
(sequential approaches e.g.[33]). By deterministic consideration of the problem per iteration in a Monte
Carlo simulation, it is compaatively easy to model intertemporal properties that couple several timesteps.
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For the reasons mentioned above, the modeling of the stochastic input variables by the consideration of a
broad variety of historical weather conditions a Monte-Carlo approach is therefore chosen within the
framework of this project.

3.2.Xenario generation techniquefime series based)

As the FlexPlan projects aims at explicitly incorporatingtorage anddemand flexibilit y in the planning
process, the consideration of consecutivéime steps i.e. time series datais essential.Hence hourly time
series are generated for the afore-mentioned stochastic input parameters. Spatial and temporal
correlations need to beincorporated correctly when generating time series forintermit tent renewable energy
sourcesand the electricalload as well4 EOOh AAAE OEiIi A OAOEAOS ET AEOEAOAI
identified as well as correlation between the time series.

Basically, there are two approaches to tackle the problem of spatial and temporal correlations in the
scenario or especially the time series generation process. One the one hastdtistical methods can be used
to analyze historical data to identify the intrinsic chaacteristics of each time series namely wind, solar and
hydro power generation and load.Numerical weather models can be applied to model the feedn of
intermitting renewable energy sources bottomup on the other hand.

3.2.1.Statistical methods

Statistical methods make use of historical measurements to train statistical model (e.g. neural network
or comparable machine learning algorithms) to transform the dataHowever, the application ofstatistical
methods in the field of power system planning has several mblems, as it is heavily depension high quality
training data to learn the intrinsic characteristics of the respective generation and load time series as well as
their correlations. On a national levelhistoric data of total variable Renewable Energy Saues (VRES feed-in
and total load might be publicly available for several years, but spatially disaggregated fegdand load time
series (e.g. per sukstation) are typically not publicly available especially not for several years. As a
consequence statistical methods could be used to identify and learn the intrinsic characteristics on an
aggregated level, but due to the lack of adequate training data (spatially disaggregated wind, solar and hydro
power generation) it is not possible toidentify spatial correlations. Especially, by analyzing the future energy
system it is not possible to haveletailed past production data ofvRES as they will be built in the future. Thus,
the application of statistical methods is not applicable for prospective system stiies. Furthermore, individual
production data of VRES generators, e.gvind farms, is typically not publicly available, as it is treated as
confidential in most cases.Hence, alternative methods and techniques have to be applied to generate
consistent scenarios in terms of detailed spatial and temporalRES feeein and load time series of future the
future energy system.As a consequencethe transformation of numerical weather data into electrical
power outputs has become an independent field of research: energy meteorology; delivering suitable
techniques to generate temporal and spatial correlated VRES time series. Thus, the FlexPlan scenario
generation approach makes u se of numerical weather i T A Adat& @s well as physical models to create
consistent scenarios.

For the sake of completeness, a detailed view of statistical methods for scenario and time series
generation canbe found in[67] [68].

Copyright 2020 FlexPlan Pagel5



FlexPlan

3.2.2.Energymeteorologyand physical models

Due to the predominantly fossil-based energy system, which uses storable and transportable energy
sources (coal, lignite, oil, gas and nuclear) meteorological topics were for a long time only of minor
importance in energy system analysis This situation already changed fundamently at the turn of the
millennium with the beginning of the increasing use of renewable energy sources. This led to the foundation
of the still young field of energy meteorology. In particular, the renewable primary energy sources wind and
solar PVare planned as fundamental components of energy generation in the future energy system. However,
these cannot be stored and are volatile in their supply. Due to this increasing weathdependent energy
production, comprehensive information about the spatial andémporal availability of theseenergy sources is
neededto simulate the energy systen(34].

In addition, a detailed understanding of the influence of meteorological pameters is necessary in the
planning of the future energy systemPower generation of intermittent renewable energy sourcesis mainly
determined by ther location and the correspondinglocal dimatic conditions. To capture and describe these
interactions between meteorological and energy processes, existing meteorological models are used. These
numerical simulation models map the physical effects of the atmosphere based on the basic equations for
momentum, mass and energy conservation as well as further laace equations for cloud water, rain water
and precipitation particles. One result is a threalimensional wind field, which considers the influence of
orography in layers close to the ground. For example, the influence of forests or settlements is mappeadvell
as the increase of wind speed over crests and mountain ridges. Thiby,the application of numerical weather
models inaccurate extrapolatiorns of data from nearground measuring stations to determine the wind speed
at different heights, e.g. hub hght of a wind power plant,can be avoided as this process typically goes along
with increasinguncertainty depending on theheight [35] [36] [37].

There is a multitude ofweather models in the literature. The calculation results of some of these models
are publicly available. An overview of selected models can beufad in the following Table 3-1.

Table3-1: Overview of publicly availableveather models (leanalysis datasets

Institution Model Coverage res-lc-)llr:t(iaon Spatial resolution Model heights [m]
DWD COSMEE 2005 present 1h 2.8 km x 2.8 km 10, 36, 73, 122, 184
DWD COSMGEU 2006 2016 1h 7 km x 7 km 10, 35, 69, 116, 179
DWD ICON 2017 present 1h 7 km x 7 km 10, 43, 99, 174
ECMWF ERA40 1957 2002 6h 80 km x 80 km 10, 60
ECMWF ERAInterim 1979 present 6 h 80 km x 80 km 10, 60
ECMWF ERA20C 1900 2010 3h 80 km x 80 km 10, 91, 100
ECMWF ERAS 1979 present 1h 30 km x 30 km 10, 100, 137
JMA JRA25 1979 2004 6h 60 km x 60 km 10, 40
JMA JRAS5 1958 present 6 h 60 km x 60 km 10,60
NASA MERRA2 1980 present 1h 55 km x 70 km 2,10, 50, 72
NCEP R2 1979 2012 6h 278 km x 278 km 10, 28
NCEP CFSR 1979 2010 1h 35 km x 35 km 6, 10
NCEP CFSv2 2011 present 1h 38 km x 38 km 6, 10
NOAA 20CRv2 1871 2011 6 h 222 km x 222 km 10, 28
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The models differ in the available historical time range, the temporal and geographical resolution and the
model heights. All listed models are constructed according to similar principles, but differ in the scope of the
systems of equations, the type andumber of parameterization or the initial and boundary conditions. For the
modelling of the feedin of the wind energy plants, however, the regional resolution and the simulated height
layers of the models are particularly decisive. The weather models of éhorganizations National Aeronautics
and Space Administration (NASA), Global Modeling and Assimilation Office (GMAQO), National Oceanic and
Atmospheric Administration (NOAA), National Centers for Environmental Prediction (NCEP), Japan
Meteorological Agency(JMA) and European Centre for MediuARange Weather Forecasts (ECMWF) simulate
the entire earth's atmosphere and are therefore called global models. Due to the large amount of data and the
required computing power, onlymodels with a less detailed spatiatesolution are available. The models of the
German Weather Service (DWD) are local models and focus on Germany or Central Europe. The models and
the simulated data are provided by government institutions and are freely accessible to the public.

Some of these global models are already being used as a database to simulate the supply of
renewable energies [38] [39] [40] [41] [42]. An evaluation of the models ERA5, MERRA and COSMO
REAG®G (successonf COSM@&U) with regard to their applicability in power system simulations can be
found in [43] where a detailed case study for wind production in France was carried ouEurthermore, a
detailed comparison of the applicability of the aforementioned weather models to simulated ietmittent
renewable energy feedin can be found in[44].

3.2.3. Transforminghumericalweather data irelectricalpower outputs
Power system studies such as transmissioaxpansion planning need power generation of all generators as
an input. Thus, the feedn of non-dispatchable renewable energy sources like wind and solar has to be
modeled in the scenario generation approach Therefore the meteorological information of rumerical
weather models hato be converted inelectrical power outputs.

In contrast to the statistical models,physical models make use of turbine power curve functions to
transform the wind speed at hib-height to electrical power generation. The applickon of physical models
requires at least some fundamental information on the technological parameters. On the one hattte model
or type of the wind turbine is used to identify an adequate matching power curve. On the other harde hub-
height of the plant has to be known to extrapolate the winespeed at this level.One major drawback of
physical models is the potential bias included in the underlying wind -speed data. As a result physical
models tend to over or under -estimate the power outputs. Thus, physical models are typically combined
with bias correction approaches , e.g.[39] by comparing modelled data with historic data to derive
correction factors [43]. The need for bias correction techniques results from the fact that weather reanalysis
data is calculated with computer models that are less than perfect anddlude systematic errors (biases) due
to errors in the underlying numerical weather model[39].

Physical models - Wind power

Currently, reanalysis data sets for thesimulation of feed-in time series of wind turbines are increasingly
being investigated.First investigations of wind power generation using reanalysis data sets were carried out
for selected sites inHungary [45] and Northern Ireland [46]. In recent years, studies with larger areas of
consideration, typically national studies, have been carried out, e.g. foK [47] [48] [49] [50], Denmark[51]
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and Sweden[52], in order to validate the simulated time series by comparison with recorded data. It should
be noted, however, that the previous studies only concentrated on comparatively small and geogragiiig
similar areas. Furthermore, these studies only validate the modelled data on the basis of wind speeds and not
on the basis of generation data, thus neglecting the essential part of the modethe transformation of
meteorological data into electricalgeneration data[39]. A comprehensive overview of current studies and the
validation methods used in them can be foundn [50]. In addition, there is an ircreasing number of
publications [54] [55] [56] [57] [58] that deal intensively with the transformation of meteorological data into
electrical generation time series, but do not deal with the validation of the resultd/ind energy capacity
factors throughout Europe are over or underestimated by up to £50%, a$39] noted.

Physical models z Solar power

As stated in[38] MERRA and MERRR of NASA59], ERAInterim of the ECMWEF [60] and JRAS5 of the
Japanese Meteorological Agencj6l] are frequently used for global reanalysis of the latest renewable
generation. There are numerous new publications on the use of reanalysis data for wind energy simulation
(e.q.[47] [49] [50] [51]). There seemto be two main reasons why reanalysis data is not usedften for
modeling solar generation. Firstly, the installed capacity of photovoltaics (2012) reached a level of 100 GW
worldwide much later than wind energy (2008) [62]. Secondly satellite images are an alternative open data
source to obtain data on solar radiation in high spatial and temporal resolution. In addition, it is also possible
that the modelling o solar feedin is regarded as less challenging due to its typical recurring structure in the
seasonal and diurnal course.

Nevertheless, there are some recent studids5] [63] [64] [65] that use reanalysis data to simulate solar
feed-in. However, these studies do not validate the weather data itself, as they accept it as it iJ6B], PV time
series generated by MERRA are validated on the basis of two historical years of national aggregated PV
production in Germany. In view of the fact that the suitability of reanalysis da for the simulation of PV feed
in for Europe-wide studies has not yet been conclusively clarified, since no validation against historical data
with spatially and temporally high-resolution simulations for Europe has been carried out38] has made up
for this. In[38] it was found that solarirradiance data of reanalyss modelsis basically suitable and adequate
to be applied in energy system modelling. However, solairradiance data of reanalyss is subject to
fundamental biases and should be correctequst as wind speed dat§38] .

Conclusion

As there is a multitude of weather models as well as temporal and spatially resolved production data derived
from them publicly availablethe scenario generation approach of this project makes use ofdata coming
from MERRA2 andphysical models transforming numerical weather data in electrical outputs

3.3.Scenario reduction techniques

The objective of the network expansion planning tool is to find the optimal network expansion measures
that will allow the network to operate reliably for a range of uncertain future conditions, spanning several
decades (20302040-2050). These future conditions are characterized by several loAgrm visions,
describing possible developments of the energy systensavell as divergent European energy policies.
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As stated above, uncertainties in the planning problem are introduced by the presence of renewable
generation resources, temperaturedependent loads and hydrecondition dependent storage and production.
With the robust approach in mind, the expanded network found as solution by the planning problem must be
able to supply the demand in most, if not all, possible situations. As explained above, the approach chosen
within FlexPlan is to provide a representative sebf inputs, referred to as Monte Carlo years (MC years), to the
planning tool to make sure that the solution is calculated based on a representative set of possible uncertain
input scenarios, mainly characterized by the weather conditions.

However, due tothe fact that the FlexPlan tool aims at covering a time horizon of multiple decades,
including many technologies and spanning a large geographical area, solving this problem is a
computationally demanding task.Therefore, the chosen set of M@ears must te limited as to allow for a
computationally tractable planning problem.However, it is difficult to determine which scenarios are relevant
a priori.

Before renewable generation became a substantial part of grid operations, it was often considered
sufficient to evaluate new transmission lines only for the hour of the year with the highest load. Any
transmission network that allowed for adequate operation during this hour was considered likely to operate
at least as well during any other demand scenario. TBi Ox1 OO0 EiI 606 ADPPOIT AAE OI
still deceptively appealing, but in modern systems, it is not obvious which hour is most likely to caussues
that severely threaten thereliability and/or security of supply. Also, the worst hour may vary by region or
change as new lines are added and reliability issues are resolvéithe inclusion of storage (and other flexible
technologies) into the transmission expansion plan, require representative time series as input scenarios to
the planning problem to enable a correct modeling of the intertemporal constraints of the flexible asts.

In the literature on transmission expansion planning, a variety of strategies is described to reduce the
overall space of possible network operating conditions to a smaller subset of singt@ur operating conditions,
I £0AT  OA £EA O @A £ RHIGEeSclinclidd Ehe dse of heuristic?7], Monte Carlo sampling, Latin
hypercube sampling, forward and backward scenario selectiofr4], Kmeans clustering[72] [78] [75], robust
optimization formulations, importance sampling [79], and various hybrids of the above methodg69].

0/

However interesting, those techniques are focused oEET AET C A 1 Ei EOERODOI HAAT AEED

disregard the required time dimension of the scenarios for a planning problem including flexibility and/or
storage.Moreover, it has been shown that for systems with a high penetration of RES, usagimited number

of single-hour time-slices as input to a generation expansion planning problem leads to an underestimation of
the variability of RES, hence to an underestimation of the value of flexible technologi@g] .

Multiple ways to improve the modeling of the temporal dimension have been developellainly in the field
of generation expansion planning (e.g. LIMEBU [71]) or energy system optimization models (e.g. TIMES
[70]), scenario eduction is used to obtain a limited set of representative time series that reflect the variation
of overall demand and generation over timeln the literature focusing on transmission network expansion
planning, the topic of scenario generation and reduan is less discussed, as within these works the focus
mainly lies with the mathematical formulation of the planning problem itself, rather than retrieving suitable
scenario inputs. Although the transmission network itself is mostly ignored (or simplified) in the energy
systemoptimization or generaion expansion planning modelsthe scenario inputs required for these models
are to a large extent similarto the inputs required for transmission network expansion planning.Moreover,
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the conditions that define a representative set of input scenarios are largely similar for transmission network
expansion planning as for the energy systemptimization models.

Within the generation expansion or energy systenoptimization models, often a st of (well-chosen)
representative days is used to represent an entire yeain many works, these representative days are
obtained by using simple heuristics[83][84]. Generally, in most of these simple heuristic approaches, a
number of periods with different load and/or meteorological conditions & selected in order to capture a
variety of different events. For example, to select three representative days, one could select the day that
contains the minimum demand level of the year, the day that contains the maximum demand level and the day
that contains the largest demand spread in 24 hours, as used[ig4].

A more advanced technique is to use clustering algorithms to find periods with simildoad/generation
patterns. With clustering-based scenario reduction techniques, the aim is to group the overall space of
possible scenarios into a (smaller) number of clusters, based on a metric that characterizes the scenario. Then,
one scenario from eacltluster has to be selected to feed into the planning problerth.1 OAOT AOEOAT Uh A
OAAT AOET h & Oi AA AO OEA OAOAOACAE 1T &£ OEA OAAT AOEIT &
representative to feed in to the planning problemAdditionally, to indicate the importance or probability of
the scenario, these can be assigned a weight. This weight equals the size of the cluster (i.e. the number of
periods that are present in the cluster}. Clustering approaches may thus implicitly determine the wight
assigned to every selected representative period, which allows to appropriately account for both common and
rare events. This isthe major advantage compared to the heuristic approaches. afy clustering algorithms
exist, and are used to cluster inputdata for network expansion planning problems. For example, ifi75]
7A0A860 EEAOAOAEEAAIT -mRandringehrg Bused ifBE) andBA.Ah AT A +

A third method to select representative periods for planning problems are soalled probability distance-
based scenario reduction techniquesWith this approach the selection procedure is directly based on
evaluating the full set of representative periods using a prO@ D AAE £EAG ADETOG 8 4EEO Al
find the reduced set of representative scenarios with the minimal distance with respect to the full original set.
The distance or cost function include the impact the scenario has on the final solution of the problenthis is
a hard problem to solve, for which possible solution techniques described in literaturemake use ofthe fast
forward and backward algorithm [87] [88] [89]. The drawback of these methodsis that they are
computationally heavy, since they involve solving an often complesptimization problem.

In [73] an assessment of different scenario reduction techniques used for generation expansion planning
problems is made One could argue that for transmission expansion planning, similar requirements exists on
the seledion of representative input scenarios. In[73], it is shown that on a limited test case the use of
heuristics to determine a representative set performs worst, wheras the probability distance -based
technique performs best, but at a high implementation and computation cost. The clusteriiased technique
performs sub-optimal, although much better than the heuristicsbased method, and at a much lower
computational cost. Therefore, in this project is opted to base the scenario reduction method on
clustering.

1 The underlying assumption is taken that all scenarios in the original set of scenarios have the same
probability weight.
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4. Scenario GeneratioApproach

Onthe pan-European levela number oflong-term visions, describing possible developments of the energy
systemand divergent European energy policieexist. Within the FlexPlan project,three visions for each target
year based on diverse storylines, resuiihg in a total number of nine parEU scenariogsee D4.1[4]) have been
defined.# 1 1 OEAAOET ¢ OEAOA OEOETI T O AO bDOI E A AsCeBdrid fonnel & OEA
spanned, as depicted ifrigure 4-1.

Figure4-1: Scenario funnel formed by Wi 8 O -EO larigterm macro-scenarios

The PanrEU scenarios developeavithin FlexPlan include macro-assumptionswith regard to

generation mix and demand percountry,

installed generation capacities and their technical properties, e.g. efficiencies,
technical lifetime of power plants and expansion projects,

fuel prices and availability of (synthetic) fuels,

land usage and area potentials for renewable energy sources,

=A =4 =4 -4 4 4

new consumers and techologies impacting the totalelectricity demand.

It has to be noted that some macro uncertainties, especially in the field of installed capacities and
technological progress, are already covered by the different visins in WPt 8 O -EQ Ackenarios. Thee macro
uncertainties are referred to asfirst stage uncertainties that are out of the scope of tk tasks of scenario
generation and reduction approach, which is dedicated to generate operationatenariosincluding second
stage uncertainties in terms of climatic and hydrological conditions.

To obtain operational scenarios, thePanEU scenarios on country levelprovided by MILES of
TUDortmund, are broken down to smaller geographic regions. Thus, national installed capacities per

Copyright 2020 FlexPlan Page21































































































































































