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Introduction
This addendum provides complementary information on
the Elia Group study “Future-Prooﬁng the EU energy system
towards 2030” [ELI-5]. In this study, the Elia Group identiﬁed
two main levers for the efﬁcient and timely realisation of the
energy transition towards 2030 with maximal welfare and

beneﬁts for society. Figure 1 highlights the two levers that
Elia Group identiﬁed, respectively on the hardware (grid
infrastructure) and software (market design) of the European
interconnected electricity system.

IDENTIFIED LEVERS FOR EFFICIENT AND TIMELY REALISATION OF THE ENERGY TRANSITION TOWARDS 2030
WITH MAXIMAL WELFARE AND BENEFITS FOR SOCIETY [FIGURE 1]

₁

Hardware

Optimize

Software

Market Design

How much

How to use

transmission capacity

available capacity

is available?

in most efﬁcient way?

Strengthen

Short term

Expand
Long term

~
PST, HVDC,
DLR,…

₂

Grid Infrastructure

HTLS,…

€
=

Dispatch
demand and
generation

New lines
(AC & DC)

The timely completion of the planned grid
infrastructure in the run-up to 2030 is
the ﬁrst and most important lever for
realising the energy transition with maximum
welfare and beneﬁts for society.

Respecting
grid
constraints

In a way that
maximises
welfare

In our role as market facilitator, we see potential
options for an improved market design.
The proposed Flex-In-Market design allows the
market to have a better control of the ﬂows in
line with physical constraints. This enables a
more efﬁcient use of the grid and closes the gap
between markets and physics.

This document provides further insights into the assumptions, methodology, simulations and results of the study.
Chapter 1 explains the assumptions taken for generation,
demand, commodity prices and the network model. It also
gives more information on the different scenarios that are
considered. Next, Chapter 2 shows the used methodology
for the simulations. This regards both the method used for
the ﬂow-based market coupling simulations as well as how
the redispatch model functions. Chapter 3 provides more
information on the different simulated market designs in
the study. This includes the reference market design, the
small zones design and also the Flex-In-Market design. The
results of these simulations are described in more detail in
Chapter 4. Finally, Chapter 5 provides additional information
on the optimisation and strengthening of the grid.
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This section introduces the underlying scenarios and assumptions for the model used in this study. It
provides an overview of the input data for the performed simulations. Sections 1.1 to 1.3 elaborate on
the assumptions regarding electricity generation, consumption and fuel prices. Section 1.4 addresses
assumptions on the transmission network model.
Figure 1 summarises the input data used in the model, the
source for this data and which sensitivities are considered
for the input data.

OVERVIEW ON MAIN DATA INPUTS, SOURCES AND
VARIATIONS (UPDATES AND SENSITIVITIES) IN THE
SIMULATION MODEL FOR 2030 [FIGURE 1]
TYNDP 2020
scenarios
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Weather
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WEO 2018

CO2 Prices
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Grid Model

FB Zone
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Reference NTC

NTC Zone

For the purpose of this study, the target year 2030 is analysed in an hourly resolution. Commodity price projections
for that year are taken from World Energy Outlook (WEO
2018) by the International Energy Agency (c.f. Section 1.3)
[IEA-1]. Data on generation capacity and demand (including increase in volumes of electric vehicles and heat
pumps) is taken from the scenario report of the Ten Year
Network Development Plan (TYNDP) 2020 by ENTSO-E
[ENT-3] (c.f. Sections 1.1 and 1.2). Load profiles and non-dispatchable generation profiles (mainly wind and solar
power) for 2030 are generated on the basis of assumptions on the climate conditions of a specific climate year.
For all simulations, weather year 2012 is chosen as a basis 1.
The grid model covers the ENTSO-E region and is based on
TYNDP 2018 [ENT-2]. The net transfer capacities for all interconnections between NTC zone and FB zone are based on
the midterm adequacy forecast (MAF 2018) by ENTSO-E
[ENT-4] (c.f. section 1.4).

Sensitivity
CO2 Prices

Updates
2019 grid model
for BE, DE

1. Weather year 2012 is also used in the German NEP (national grid development
plan).
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1.1.

Generation
assumptions

Assumptions for generation in the simulation model are
based on the TYNDP 2020 scenario report ‘National Trends’
(NT) scenario [ENT-3]. It reflects the latest ambitions of individual Member States on energy efficiency and GHG emission reduction in order to meet the targets set by the European Union (see Box 1.1). ‘National Trends’ is one of three
TYNDP storylines by ENTSO-E envisioning the future from
2020 towards 2040, and is compliant with the European
Commission 2050 long-term strategy for decarbonisation
in Europe. It is a bottom-up scenario that is aligned with
the existing drafts from National Energy and Climate Plans
(NECP) by individual Member States [EUC-1].2 Those plans
translate the European targets as well as national policies
and targets into country specific objectives towards 2030
with respect to renewable energy increase and conventional energy sources (e.g. nuclear and coal phase-out or
65% RES target in Germany in 2030).

In the ‘National Trends’ scenario, around 60% of total European electricity generation stems from renewable sources
in 2030. This includes around 29% from wind energy and
12% from solar power. Both technologies experience a
strong increase from 2025 towards 2030. Hydropower
(ca. 14%) capacity is increasing as well, but is expected to
have a decelerated increase beyond 2030, same as biomass and other RES (4%). The complement is delivered
mainly by conventional generation (nuclear power (20%),
gas (10%) and coal (6%)). Their share on total conventional
generation is declining between 2020 and 2030. This is
due to national phase-out policies, reduced economic
viability and/or end of lifetime.

BOX 1.1: EU CLIMATE TARGETS
In November 2018, the European Commission
released its “Strategic long-term vision for a prosperous, modern, competitive and climate-neutral economy by 2050” [EUC-2]. This strategy is in line with the
‘Paris Agreement’ aiming to keep the global temperature increase well below 2°C, pursuing efforts to keep
the increase below 1.5°C. Such an ambition would
require a reduction of greenhouse gas emissions of
at least 85% (compared to 1990 levels) by 2050. This
long-term vision has now been complemented with
the ‘Clean Energy for all Europeans’ package (CEP).
The 2030 targets set by the EU are summarised in
Figure 2. They address GHG reduction (-40% compared to 1990), renewable energies (32% share of
RES of final energy consumption), efﬁciency (32.5%
consumption reduction compared to 2007 modelling projections for 2030) and interconnection (15%
of cross-border interconnection for all).

EU CLIMATE TARGETS [FIGURE 2]
CO2

-40%

Greenhouse gas
reduction

32%

Renewable energy part
in ﬁnal energy
consumption

A
B
C

32.5%

Overall energy
efﬁciency gain

15%

Electricity grid
interconnection
for all

2. At the time of drafting the report, the NECP exist as a first draft version, which is
considered in this study.
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In the NT scenario there is a slight increase of the electricity demand. Improved energy efficiency offsets partly
the increase in demand stemming from electric vehicles

and heat pumps. Figure 3 outlines the trends in generation
capacity and demand towards 2040.

INSTALLED CAPACITY [GW] AND DEMAND [TWh] FOR THE ENTSO-E REGION, TYNDP 2020 SCENARIO REPORT NT
SCENARIO [ENT-3] [FIGURE 3]
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Figure 4 provides further insights in the assumptions for the
simulated year 2030 for some selected countries, namely
Belgium, Germany, France and the Netherlands. They
show relevant trends in RES development, coal phase-out

TWh

500

180

65

Demand

0

and the future of nuclear power. The graph summarises
assumptions for installed capacities for renewable energy
sources (RES) and thermal capacities in 2030 as of TYNDP
2020 scenario report ‘National Trends’ Scenario.

INSTALLED RES AND THERMAL CAPACITY IN BE, DE, FR, NL IN THE TNYDP 2020 SCENARIO REPORT NT SCENARIO
[ENT-3] [FIGURE 4]
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‘Other RES’: Hydro (including pumped storage), Biomass, Geothermal, Waste, Marine, other)

The selected countries have some trends in common. Coal
will be mostly phased-out by 2030 (2038 for Germany).
In the simulated scenario this capacity is replaced by,
amongst others, conventional generation (e.g. gas) and

renewables. With respect to RES, all countries have ambitious targets for solar power as well as wind. For most countries, RES will represent a substantial share of the power
supply by 2030.
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1.2.

Demand
assumptions
It includes expectations on demand increase caused by
an increasing share of electric vehicles and heat pumps as
reported by the national TSOs. It assumes 33 million electric vehicles and 30 million heat pumps in 2030 with further increases expected towards 2040. These expectations
represent a lower boundary of the range of scenarios provided by ENTSO-E. The trend is illustrated in Figure 5.

Electrical load data used for the 2030 simulations in this
study is in line with the latest available load time-series as used in the TYNDP 2020 scenario report ‘National
Trends’ scenario for 2030. Figure 3 from the previous section indicates that electric power consumption increases
towards 2030. ‘National Trends’ explicitly considers electric
vehicles and heat pumps as two contributors towards the
decarbonisation targets across Europe.

NUMBER OF ELECTRIC VEHICLES AND HEAT PUMPS IN MILLION IN EUROPE ACCORDING TO TNYDP 2020
SCENARIO REPORT FOR THE NT SCENARIO [FIGURE 5]
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Table 1 shows the demand in 2030 for Belgium, Germany, France and the Netherlands.

OVERVIEW ON ELECTRIC DEMAND FOR SELECTED COUNTRIES (CLIMATE YEAR 2012). THE “ESTIMATED SUBTOTAL” REPRESENTS THE SHARE OF ELECTRICAL DEMAND OF EVs AND HPs OF THE TOTAL DEMAND [TABLE 1]
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demand data
Of which
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1.3.

Commodity price
assumptions

Fuel Prices
marginal costs for thermal generation units. These values
provide a first indication as the prices for specific power
plants in the market model can deviate. The results shown
in this study follow from the comparison of the simulations
results for different scenarios. The results therefore focus on
relative differences and not on absolute price levels.

The commodity price assumptions for the simulations in
this study are in accordance with the World Energy Outlook 2018 (WEO 2018) by the International Energy Agency
[IEA-1]. The model uses the values for 2030 from the
WEO scenario ‘New Policies’ as reference. Table 2 provides
an overview on the range of efficiencies and resulting

MARGINAL COST IN €/ MWhel PER POWER PLANT TYPE, INCLUDING EMISSION ALLOWANCES AND OPERATION
AND MAINTENANCE COST [TABLE 2 ]

2020

2030

Efﬁciency 1

Nuclear

14.1

14.1

33%

Lignite (DE)

28.2

28.2

35%

Hard coal (new)

36.9

36.9

46%

Gas (CCGT 2 new)

41.3

49.7

60%

Hard coal (old)

44.2

44.2

35%

Gas (OCGT 3 old)

63.6

77.6

36%

Heavy Oil

117.5

168.1

35%

Light Oil

141.2

203.0

35%

Marginal Cost in €/MWhel

Source: World Energy Outlook by IEA, ‘New Policies’ Scenario [IEA-1]
Including CO2 price of 28 €/t and O&M cost per technology (€/MWh) for Nuclear: 9; Coal: 4: Gas: 2; Oil: 1

1. Based on TYNDP2018 [ENT-2]; These values give only an indication as the prices for specific power plants in the market model can deviate.
2. CCGT: combined cycle gas turbine
3. OCGT: open cycle gas turbine
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Historical fuel prices and projections used in the model for 2030 are shown in Figure 6. Average efficiencies have been used
per fuel type and one dedicated fuel and CO2 price was considered across Europe.

FUEL PRICE IN €/MWhth FROM 2008 TO 2018 AND PROJECTION BEYOND 2020.
THE 2030 VALUES ARE USED IN THE MARKET MODEL FOR THIS STUDY [FIGURE 6]
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sensitivity with a higher CO2 price (around 80 €/ton CO2),
which is based on the ‘Sustainable Development’ path by
WEO 2018 [IEA-1]. Figure 7 illustrates the CO2 price projections from 2020 to 2030 and relates them to historical
prices from 2009 to 2018.

CO2 prices for thermal power plants with EUA (European
Emission Allowances) obligations (also known as CO2 certificates) are included in the model on the basis of the
IEA WEO 2018 ‘New Policies’ scenario for 2030 [IEA-1].
This scenario projects a future CO2 price slightly below
30 €/ton CO2 by 2030. In this study we also consider a CO2

CO2 PRICE DEVELOPMENT IN €/t CO2 FROM 2009 TO 2018 AND PROJECTIONS BEYOND 2020 [FIGURE 7]
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1.4.

Network assumptions

The grid model used in the simulations is the TYNDP 2018 grid model as used for the Cost-BenefitAnalysis (CBA) by ENTSO-E [ENT-2]. Additionally, latest updates from the German Federal Grid
Development Plan B2030 NEP 2019 [NEP-1] and the Belgian Federal Development Plan 2030 [ELI-2]
are implemented. The upcoming paragraphs elaborate more on the grid model and the assumed
grid expansion.

European scope: TYNDP 2018
The TYNDP 2018 provides a detailed picture of the European electricity system. It includes large RES generation
hubs in all countries and defines major transmission needs
in order to link generation hubs with load hubs across
Europe. Figure 8 displays an aggregated view on the European electricity system in 2030 on the basis of the TYNDP
2018. Northern Europe is characterised by onshore and offshore wind power hubs, especially in the North- and Baltic
Sea regions. Hydropower is present in Scandinavia and the
Alps. The Mediterranean and Balkan states have large volumes of solar power. The map illustrates some of the main
transmission needs (grey and orange icons) as identified in
the Cost-Benefit-Analysis (CBA).

Some important projects for the Elia Group are highlighted in orange on the map. They include on the German
side: interconnectors “Hansa Power Bridge” (Germany Sweden), “Nordlink” (Germany – Norway) and interconnectors to Poland. The internal HVDC projects represent crucial
elements for the German and European transmission
system. On the Belgian side, “ALEGrO” (Belgium - Germany),
“Ventilus” and “Boucle du Hainaut” are some of the main
projects. The latter two enable the Belgian system to
connect the next wave of 2 GW of offshore wind (MOG IIproject). The subsequent sections zoom in on both the
Belgian and German grid development plans.

OVERVIEW OF THE 2030 EUROPEAN GRID
DEVELOPMENT IN TYNDP 2018 VERSION WITH
HIGHLIGHTED RES GENERATION CLUSTERS.
FOCUS ON SOLAR AND WIND POWER. [FIGURE 8]

Nord Link
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Selected TYNDP 2018 hubs for grid
expansion or upgrades
Selected projects of particular
relevance for this study
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Zoom in: German Grid Development Plan (NEP)
The German grid development is coordinated through a
biannual process called “Netzentwicklungsplan” (NEP). Its
current version “V2019” targets the trajectory towards 2030
[NEP-1]. The market simulations in this study are based on
‘Scenario B2030’, which is aligned with the TYNDP 2018.
It contains further updates, which have been approved by
the German regulator (Bundesnetzagentur, BNetzA) since
then. These updates are included in the simulations of this
study as well 3.

To demonstrate the importance of grid expansion to get
the renewables in the north of Germany to the consumption centres in the south, the performed simulations in
this study will touch upon a sensitivity that focuses on
the importance of the German internal HVDC corridors.
The study compares two cases for the HVDC lines. In the
reference case, all five corridors in Germany are included
in the simulations. For the sensitivity only corridor ‘A Nord’
(A1) and ‘Ultranet’ (A2) are considered in 2030.

Figure 9 displays all confirmed German grid development
projects for AC lines (blue) and DC corridors (green) for
2030. The previously outlined trend of significant north
to south transmission need can be seen clearly. Bulk RES
generation in the north (mainly wind power) needs to be
delivered to the main consumption centres in the south. It
is important to emphasise the illustrative purpose of that
map as further projects might get approved in the near
future (c.f. ongoing consultation process for NEP projects
wih German regulator BNetzA).

GERMAN HVDC ASSUMPTIONS [FIGURE 10]
B1, B2

B1

A1

STATUS OF APPROVAL FOR GERMAN GRID
DEVELOPMENT AS OF JULY 2019 WITH HIGHLIGHTED
RES GENERATION AND CONSUMPTION CENTRES
[FIGURE 9]
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3. T
 he network assumptions for Germany are based on “Netzentwicklungsplan
(NEP) Scenario B2030 Version 2019”.
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Zoom in: Belgian Federal Development Plan
In addition to a stepwise strengthening of nearly all major
lines, two important new corridors are in the planning:
“Ventilus” and “Boucle du Hainaut” (indicated with yellow
zones in Figure 11). These new corridors are required to
transport the next wave of 2 GW of offshore wind energy
(MOG II-project) to the load centres. The Belgian Federal
Development Plan [ELI-2] provides more information on
these two projects.

There are three major drivers for the Belgium grid expansion needs. First, the stabilisation of the internal grid to be
prepared for the nuclear phase-out and a growing decentralised onshore production of wind and solar. Second,
the increase of offshore wind production to around 4 GW.
Third, the increase in cross-border capacities with all
surrounding countries through AC- and DC-connections
(e.g. the ALEGrO project).

OVERVIEW OF THE EXTRA HIGH VOLTAGE PROJECTS IN THE PERIOD (2020-2030), EXTRACT FROM
THE BELGIAN FEDERAL DEVELOPMENT PLAN 2020-2030 [FIGURE 11]
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Overview on Phase-Shifting Transformers (PST) assumptions
In addition to the grid expansion measures, controllable
devices such as Phase-Shifting Transformers (PST) can steer
the power flows in the grid up to a certain extent. They can
level out the flows in the grid (e.g. redirect flows from lines
with high loading to lines with lower loading). As such, they
also play a key role in managing the flows in the European
electricity system (c.f. Box 1.2).

on cross-border flows (blue PSTs in Figure 12) are either
optimised before the market or within the market (see
Section 3). All PSTs (orange and blue) are subsequently
optimised by the TSOs to secure the grid after the market.
The importance of PSTs in the context of the proposed
toolbox for higher grid utilisation is further elaborated in
Section 5.1.

Figure 12 displays PSTs in the 380 kV grid as included in
the simulations for selected countries 4 for 2030. In the
performed simulations, PSTs with a significant impact

4. Namely Belgium, Czech Republic, Germany, Netherlands, Poland.
Not shown, but included in the model: PSTs in France, Italy, Slovenia.

PSTs INCLUDED IN THE MODEL AND THEIR MAIN PURPOSE
[FIGURE 12]

(mainly) for
(mainly) for cross
internal purpose border purpose

INT PST

XB PST

Market
Optimisation

✖

Grid
Optimisation

✓

✓
✓

Selection for BE, CZ, DE, NL, PL; Not shown: FR, IT, SI.

BOX 1.2: PHASE-SHIFTING TRANSFORMER
(PST)
Power flows in the grid follow the path with the lowest
resistance (Kirchhoff’s law), which differs from the commercial flow of electricity. The power flow in a line is
proportional to the difference in phase angle of the voltage between both ends of the line. It can therefore be
shifted by controlling the voltage phase angles. A PST
is a special form of a transformer, which can steer the
power flows up to a certain extent by changing its ‘tap
positions’.
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This section details the methodology used in this study for analysing different market designs for
2030. For this, a process with three hourly market simulations has been developed.
needed to secure the grid after the market. For this, a grid
model with technical small zones is used (see Section 2.4).
The different steps are explained in more detail in the next
sections. Section 2.4 provides more information on the modelling of a flow-based market in this study. Box 2.1 explains
some fundamental concepts of the flow-based mechanism.

Figure 13 gives an overview of the different steps in the performed simulations. First, the transmission capacity available for the day-ahead wholesale market is determined by
calculating the initial loading of the network elements. In
a second step, the day-ahead wholesale market results are
calculated. Finally, a model is run to calculate the redispatch

OVERVIEW OF THE MARKET DESIGN ANALYSIS METHODOLOGY [FIGURE 13]
STEP 1

STEP 2

STEP 3

Determination
of the initial
loading of
the network
elements

Running of the
market clearing
simulation

Redispatch
quantification

Zonal hourly
market simulation

Zonal hourly
market simulation

Small zone hourly
market simulation

Grid constraints
& generation/
load assumptions
for the modelled
zone

BOX 2.1: FLOW-BASED CONCEPTS

PTDF

GSK

PTDF stands for Power Transfer Distribution Factor. The
nodal PTDFs indicate how energy flows are (unevenly)
distributed over the different paths in the network when
a power flow occurs between two electrical nodes. An
example of such a distribution is shown in Figure 14
for a 100 MW power flow from node A to node D. The
distribution given by the PTDFs is determined both by
the topology of the grid and the technical characteristics (impedances) of the grid. PTDFs are calculated for
the flows over the grid elements in N state (full network
availability) as well as when grid contingencies occur,
called the N-1 state (e.g. in the case of a line outage).

GSK stands for ‘Generation Shift Key’, a concept used
to model zonal markets. The GSK provides the relative
weight of each network node within a bidding zone
for a commercial exchange. The GSK translates the
change in net position (import/export) of a bidding
zone due to a commercial exchange into a change in
generation output in the different nodes of the network.
With this GSK, a ‘nodal’ PTDF can be converted into
a ‘zonal’ PTDF. The ‘zonal’ PTDF refers to the impact of
a commercial exchange between two bidding zones
on a certain grid element. This can be easily explained
by following example: a commercial exchange of
100 MW would have an impact of 10 MW on a line with
a 10% PTDF value (for an exchange between those two
bidding zones).

REPRESENTATION OF A NODAL SYSTEM AND
UNEVEN FLOW DISTRIBUTION [FIGURE 14]
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CNEC stands for ‘Critical Network Element and Contingency’, a concept used in the flow-based capacity
calculation.

75

B

25

For one critical network element, different contingencies (a contingency is sometimes also called N-1 situation) can exist for different situations of the network.
All relevant critical network elements and respective
contingencies compose the PTDF matrix, with rows for
each CNEC and columns for each variable impacting
the flow on the critical network element.

65
10

C
90

D
- 100 MW
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2.1.

Initial loading
calculation

The first step in the developed methodology calculates the
transmission capacity available for the market, by determining the initial loading of the grid elements, i.e. the flow
on the grid element in absence of commercial exchanges
between bidding zones (e.g. due to internal exchanges
within the bidding zone). This is illustrated in Figure 15.
The Remaining available Margin (RAM), being the difference between the available capacity of the line and the
initial loading, indicates how much capacity on the grid
element can be made available to the market without
causing overloads.

ILLUSTRATION OF THE INITIAL LOADING OF
A NETWORK ELEMENT [FIGURE 15]

Remaining Available
Margin (RAM) [MW]

Available
capacity
[MW]

The developed process for determining the initial loading (i.e. the first step of Figure 13) of network elements is
depicted in Figure 16. This process is only used to calculate a best estimate of the initial loading of grid elements.
It does not represent a real market clearing.

Initial loading at
0 commercial
exchanges [MW]

PROCESS FOR DETERMINING THE INITIAL LOADING OF NETWORK ELEMENTS [FIGURE 16]
STEP 1

STEP 2

STEP 3

Estimation
of the dispatch
within
bidding zones

Scaling of
the dispatch
within bidding
zone to no
commercial
exchanges

Calculate initial
loading of
all network
elements at no
commercial
exchanges

Zonal hourly
market simulation

Scaling using
GSK

Flow calculation
using scaled
dispatch and PTDF

commercial exchanges, the dispatch within each bidding
zone is subsequently scaled linearly using its GSK to attain
zero commercial exchanges. Using the scaled dispatch
(at zero commercial exchanges) within each bidding zone,
the initial loading of all network elements can be determined for each hour of the simulated year using the technical small zones PTDF (see later).

First, a zonal market simulation (considering the existing bidding zone configuration) is performed taking into
account no initial loading of the grid elements, therefore
allowing their full capacity to be used by the market. This
allows estimating the dispatch within each bidding zone
when commercial exchanges are allowed. In order to
determine the initial loading, i.e. the loading in absence of
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In step 2, the GSK of bidding zone BC is used to scale the
100 MW commercial exchange. For example, 10% of the
100 MW commercial exchange is compensated on node B
(and the remaining 90 MW on node C) resulting in a nodal
balance of 190 MW for node B (and -190 MW for node C).
As bidding zone A consists of only one node, the 100 MW
of commercial exchange is compensated entirely on
this node. With the resulting scaled balances within the
bidding zone, in step 3 flows on network elements can
be calculated using the PTDF. These flows, although they
result from an exchange within bidding zone BC, are
present on all network elements. In Figure 17, the initial
loadings are represented with the green arrows.

Figure 17 explains the process for determining the initial
loading of network elements at zero commercial exchanges. The example uses three nodes A, B and C. Two bidding
zones are taken into account: nodes B and C are one bidding zone (further referred to as bidding zone BC), whereas
node A constitutes the other bidding zone. In step 1, it can
be seen that a 100 MW commercial exchange occurs from
bidding zone BC towards bidding zone A. Within bidding
zone BC, node B is exporting 200 MW (100 MW to node C
within its bidding zone and 100 MW to node A in another
bidding zone).

ILLUSTRATION OF THE PROCESS FOR DETERMINING THE INITIAL LOADING OF NETWORK ELEMENTS AT ZERO
COMMERCIAL EXCHANGES [FIGURE 17]
Commercial exchange
-100 MW

Commercial exchange

+100 MW

B

0 MW
GSK

Balance within
bidding zone

10%

+200 MW

A

Commercial exchange

0 MW

0 MW

B

90%

-100 MW

Scaled balance
within bidding zone

+190 MW

A

C

0 MW

Scaled balance
within bidding zone

B

+190 MW

C

-190 MW

A
C

-190 MW

STEP 1

STEP 2

STEP 3

Estimation of the dispatch
within bidding zones

Scaling of the dispatch
within bidding zone to
no commercial exchanges

Calculate initial loading of
all network elements at
no commercial exchanges
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2.2.

Market clearing
simulation

In this step, the zonal market clearing is simulated by an hourly market simulation in the Antares
software. This market clearing simulation mimicks the day-ahead market coupling that is in place
today in Europe.
capacity available for the market. In such a case, a minimum margin (minRAM) for the market can be imposed on
the network element. Such minimum margins can result
in higher overloads after market clearing, as they provide
‘virtual’ transmission capacity to the market, masking
the underlying grid constraints. The process of applying
minimum margins is illustrated in Figure 18.

The initial loading of the network elements, i.e. at zero
commercial exchanges, calculated in the previous step
(see Section 2.1), is taken into account here. The difference
between the available capacity of the network element
and the initial loading defines the capacity that is available
for the market (RAM). Network elements can be (almost)
fully congested by their initial loading, leaving little to no

ILLUSTRATION OF THE INITIAL LOADING OF GRID ELEMENTS AND THE APPLICATION OF MINIMUM MARGINS
(minRAM) [FIGURE 18]
No application of minRAM

Application of minRAM

Virtual capacity
provided [MW]

Remaining Available
Margin (minRAM) [MW]

Remaining Available
Margin (RAM) [MW]

Available
capacity
[MW]

Available
capacity
[MW]

Initial loading at
0 commercial
exchanges [MW]

Other important inputs for the market clearing simulations in this study are:

Initial loading at
0 commercial
exchanges [MW]

in this study, the set points of PSTs and internal HVDCs
are optimised in the market clearing. Further explanations can be found in Box 3.2.

y Grid constraints: the flow-based market mechanism
only considers a subset of the grid constraints. In general only grid constraints that are relevant for cross-border exchanges (for example having a PTDF value above
an agreed threshold) are taken into account. In other
cases only the cross-border grid elements are considered as constraints for the model.

The market clearing simulation mimics the European dayahead market clearing, by determining the net positions
of the bidding zones in a way that maximises welfare while
respecting the considered grid constraints. It defines the
market dispatch within each bidding zone and the according electricity market price for that bidding zone.

y Optimisation of PSTs and (internal) HVDCs in the
market clearing: in some of the performed simulations

Section 3 provides more information on the assumptions
taken for the different simulated market models for 2030.
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2.3.

Redispatch
quantiﬁcation
dispatch (defined by the market clearing in step 2) in order
to achieve a dispatch which respects all grid constraints.
All controllable devices (PST & HVDC) can be fully used to
secure the grid in this third simulation step.

The hourly market dispatch result of the zonal market
clearing step from Section 2.2 could result in flows on network elements which are higher than their available capacity. In this case, the TSO will intervene after the market
in order to secure the grid, i.e. making sure that flows will
stay within operational limits. The main reasons why the
market dispatch might lead to overloads are:

By calculating how much the technical small zone dispatch
has to change compared to the market clearing simulation from step 2, one can define the redispatch volume
(including volumes of renewables that are curtailed). Moreover, the additional costs associated with these changes,
moving away from the zonal market solution, provide the
simulated redispatch costs.

y Inaccuracies in modelling the loading of grid elements
(amongst others due to the use of a GSK);
y Application of virtual margins (minRAM); and
y Consideration of only part of the grid elements as constraints for the market.

This study considers that all redispatch is based on marginal costs (i.e. no ‘add-on’ is considered when calculating
redispatch costs). Curtailment of renewables, like wind,
is considered at zero marginal cost in this study (i.e. not
accounting for potential opportunity losses resulting from
subsidy mechanisms).

In order to assess the performance of a market design in
terms of welfare creation, it is important to also take into
account the costs to solve potential overloads that are
present in the grid after the market clearing. To quantify
those costs, a third hourly market simulation is performed
with the Antares software, taking into account all the grid
elements of the model (whereas in the market clearing
simulation only a selection of the grid elements is taken
into account as explained before).

The simulations in this study are based on a national
cost-optimised redispatch strategy for the quantification of
the redispatch volumes and costs. Cross-border redispatch
is only considered where absolutely necessary (i.e. crossborder redispatch has a penalty cost in the optimisation).
This could lead to an overestimation of the redispatch
costs and volumes since cross-border redispatch, when
properly coordinated, would reduce costs and volumes.
On the other hand, in the simulations all flexible generation and demand can be redispatched within the bidding
zone, without add-ons to the marginal cost and without
RES subsidy compensation, which represents an underestimation of the costs and volumes. Therefore the applied
redispatch scheme is assumed to give overall representative results.

First the dispatch, resulting from the market clearing simulation in step 2, is calculated for each of the technical small
zones (see Section 2.4 for more explanations on the technical small zones). The flows on all grid elements are then
calculated on the basis of the technical small zone PTDFs.
The loading of the grid elements is now defined on the
basis of the more accurate technical small zones dispatch
resulting from the market (instead of a dispatch simulated
with a zonal GSK). This step can show that grid constraints
are violated. In this third market simulation, the dispatch
in the technical small zones is allowed to deviate from the

19

M a r k e t d e si g n a n a l y si s m e tho d o l og y

2.4.

Flow-based
market simulations

The hourly market simulations in this study have been performed with the Antares simulation software. Antares was
at the basis of various other studies performed by Elia and
other TSOs (for example the ‘Elia Adequacy & Flexibility
study for Belgium 2020-2030’ [ELI-1]). More information on
the simulation tool can be found in [ANT-1]. The next paragraphs provide an overview of specific assumptions in the
simulation model for this study.

SIMULATED PERIMETER IN STUDY [FIGURE 19]
NTC

Flow Based

Advanced hybrid coupling
for exchanges between
NTC and FB modelled zone

The current day-ahead wholesale electricity market in
Europe takes network constraints into account as a mix
of flow-based constraints and NTC constraints. Today, the
day-ahead flow-based Capacity Calculation Region (CCR)
(of which Belgium is part) is limited to the CWE countries:
Belgium, the Netherlands, France, Germany, Austria and
Luxemburg. In the context of this study, also the following
market areas are modelled using flow-based constraints:
Poland, Czech Republic, Slovenia, Italy North and Switzerland. Figure 19 summarises the simulated perimeter and
the way network constraints are taken into account in this
study. Exchanges between the NTC modelled area and
the flow-based modelled area are in this study handled
through advanced hybrid coupling with a fixed maximal
exchange capacity.
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BOX 2.2: FLOW-BASED VERSUS NET TRANSFER CAPACITY (NTC)
The NTC method is applied in this study for the blue
region in Figure 19. The red zone is modelled through
a flow-based method. Commercial exchanges between
the blue and the red zone in Figure 19 are modelled
through Advanced Hybrid Coupling (AHC). Regulation
EU 2015/1222 on Capacity Allocation and Congestion
Management (CACM) sets the flow-based method as
the target model for Europe.

‘Flow-based’ (FB) is a method for capacity calculation
and allocation which accurately models the impact of
commercial exchanges on the modelled grid elements
(impedances, physical capacities). This opposed to the
so-called ‘Net Transfer Capacity’ (NTC) approach, which
assumes only one commercial capacity between two
market zones (for each direction). In both the flow-based
and the NTC market design, system operational security
constraints are respected, fulfilling the N-1 criteria.

COMPARISON OF NTC APPROACH (LEFT) AND FB METHODOLOGY (RIGHT) [FIGURE 20]
Net Transfer capacity calculation
A

A

400

-200

A

0
0
-200

Interconnectors
under consideration

NTC domain

200

-400

Flow-based calculation

C [MW]

200

C [MW]

400

Flow-based
constraint

200

B [MW]

A

0

-400

400

-200

0

200

Grid nodes and critical network
elements under consideration

B [MW]
400

-200

Range of physically
admissible exchanges

-400

FB domain

-400

NTC

Flow-based

NTCs are calculated by TSOs per border between bidding zones and provide the commercial exchange capacity that can be allocated by the market. TSOs of neighbouring market areas coordinate bilaterally to align the
NTC values on their common borders, which results in
the NTC solution margin. In a NTC simulation approach,
each border (interconnector) is treated independently
from other borders. This approach is illustrated in Figure
20 on the left.

The flow-based method (FB) considers transmission
capacity constraints for commercial exchanges between
different market areas by considering the physical limits
of every relevant critical network element (CNE) of the
grid. The domain of possible commercial exchanges
for market coupling is thus not limited by a generalisation of exports viewed per border individually (i.e. NTC
approach), but rather by a set of constraints (FB constraints) considering the level of congestions on the
critical network elements (CNEs) under normal (N)
and grid contingency (N-1) situations (CNECs). Different
commercial exchanges cause different physical flows
on considered CNEs in the grid. Therefore, in the FB
approach commercial exchanges on different borders
are not independent from each other. In the flow-based
mechanism the impact of cross-border exchanges on
the grid is modelled more accurately. This approach is
illustrated in Figure 20 on the right.
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modelled with more small zones in order to increase the
accuracy of the modelled power flows:

In order to correctly determine flows on network elements
within the flow-based modelled zone, technical small
zones are defined and the assumed generation and load in
the model are divided over these different technical small
zones (see Figure 21). For most countries, the small zones
are those used within the context of the ENTSO-E TYNDP
2018 Flow-Based methodology [ENT-1]. However, for this
study the Belgian and German bidding zone have been

yyBelgium is modelled using three small zones (East –
Center – West);
yyGermany is modelled using 21 small zones, as often
done in German grid development studies.

TECHNICAL SMALL ZONES USED FOR FLOW-BASED MODELLING [FIGURE 21]

lines with a PTDF threshold above 10% for commercial
exchanges are considered as ‘important’ internal network
elements5.

The technical small zones are considered as copper plates
in the modelling, meaning that there is no grid (and hence
no congestions) modelled within those zones. Given the
high resolution of the model (small size of the zones),
this is a realistic assumption when modelling congestion
management in the pan-European electricity markets.

When zonal market designs are simulated, the technical
small zones are merged into the existing bidding zones.
This merging is done using ‘Generation Shift Keys’ (GSKs),
indicating how commercial exchanges will be divided
among each technical small zone within the bidding zone.
In this study, the GSKs are calculated as the fraction of dispatchable thermal capacity present in the technical small
zone as a part of the total dispatchable thermal capacity in
the whole bidding zone concerned.

The PTDF matrix used throughout this study takes into
account up to six of the most constraining contingencies
for each critical network element. Only 380 kV critical network elements are taken into account as they are most relevant for transporting the bulk power flows resulting from
pan-European electricity markets. For one of the analysed
market designs (Flex-In-Market design, see Section 3.3), the
concept of ‘important’ internal (within one bidding zone)
network elements is used. Without taking any prejudice
on the optimal or final criterion, this study assumed that

5. In the CWE flow-based mechanism this threshold is currently defined as 5%.
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3.1. Small zones design as technical reference
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This section provides more details on the analysed market designs in this study. The focus of this
study is on the reference market design and Flex-In-Market design. The technical small zones design
is only simulated as a technical reference and for redispatch calculation.
requirements of the CEP. Set points of controllable
devices such as PSTs and HVDCs are optimised by the
TSOs before the market clearing.

The main characteristics of the different market designs
are as follows.
yyTechnical small zones design: this design, based on
very small technical bidding zones, is simulated only
as technical reference and is mainly used for redispatch quantification (see Section 2.3). All 380 kV grid
elements are taken into account for the market clearing, and no virtual margins (minRAM) are applied on
them. The set points of PSTs and internal HVDCs are
optimised in the market clearing.

yyFlex-In-Market design: as for the reference market
design, the existing bidding zone configuration is kept.
However, selected important internal grid elements
(see Section 2.4) are taken into account in addition to
the cross-border elements. There is no application of
minimum available capacities (minRAM). Contrary to
the reference market design, the market clearing can
optimise extra flexibility directly within the algorithm
(in the form of set points of PSTs, (internal) HVDCs and
Dispatch Hubs). This is explained further in this section.

yyReference market design: this design reflects the
currently foreseen way of implementing the policies for
2030. The model uses the existing bidding zone con
figuration. The market clearing simulation considers
only cross-border grid elements and a minRAM of
70% is provided on them in accordance with the

The full details of the studied designs are summarised in
Table 3. More in-depth explanations are provided in the
following sections.

TABLE 3: ANALYSED MARKET DESIGN OVERVIEW

Technical small zones
design
Reference market
design
Flex-In-Market design

BIDDING ZONE
CONFIGURATION

INTERNAL
ELEMENTS

minRAM

PST & HVDC
IN MARKET

DISPATCH
HUBS

Technical
small zones

N/A*

0%

✓

✖

Existing

None

70%

✖

✖

Existing

Important ones
(>10% PTDF)

0%

✓

✓

*As for the small zone technical reference design all modelled grid elements are crossing bidding zone borders, these are taken into account by default.
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3.1.

Small zones design
as technical reference
As a result of those assumptions, no overloads will be
observed after market clearing. Therefore this market
design is used as a basis for the redispatch quantification
in this study (cf. Section 2.3).

As discussed in Section 2.4, the Antares simulation model
functions with technical zones which are smaller than the
existing bidding zones (see Figure 21 for an example). In this
study, the technical small zones design is not proposed as
a market design. The model is only used for quantifying
redispatch and to see where the market dispatch of the
small zones design deviates from the dispatch from the
reference market design (see Section 3.3). In this design,
all controllable elements (PSTs & HVDCs) are available for
optimisation in the market clearing.

EXAMPLE OF THE “SMALL ZONES” USED IN THIS
STUDY [FIGURE 22]

This technical reference simulates each small zone as
a separate bidding zone that is considered as a copper
plate (c.f. Section 2.4). Therefore, there is no initial loading
at zero commercial exchanges (see Section 2.1) on the grid
elements. All transmission capacity between the small
zones is made available to the market. The technical small
zones model gives the market clearing more degrees of
freedom to calculate the optimal market dispatch, leading
to a dispatch with higher welfare. However, other effects
such as reduced market liquidity, reduced portfolio bidding are not considered in this study. Therefore the welfare results need to be interpreted with caution. Given the
copper plate assumption, this market design does not consider any congestions within the small zones. All modelled
grid constraints are considered in the market clearing.
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3.2.

Reference market
design

The reference market design reflects the currently foreseen
implementation of the policies for 2030. It is based on the
existing bidding zone configuration with bidding zones
largely coinciding with Member States borders. Only grid
elements crossing bidding zone borders (also referred to
as cross-border grid elements) are considered as grid constraints (CNECs) in the market clearing, as specified in the
ACER decision on the CORE CCM [ACR-1]. In line with the
‘Clean Energy Package’ regulation [EUC-3], a minimum of
70% of the available capacity of each grid element is made
available to the market (via the minRAM mechanism as
explained in Section 2.2). As explained before, the application of the minRAM scheme and ommittence of internal
lines can result in grid overloads after the market (in case
virtual transmission capacity is provided to the market).

REFERENCE MARKET DESIGN OVERVIEW
[FIGURE 23]

1

Reference market design
1
2

Virtual margin provided
to market…
…TSO solves overloads with
flexibility after market

Virtual
Margin 1
[MW]

2

High redispatch volumes
Lower overall welfare

Challenge

In the reference market design, PSTs are not optimised in
the market clearing. The blue PSTs in Figure 12 are located
close to the borders, are optimised by TSOs two days
before the market clearing to maximise transmission capacity in the direction of the estimated market clearing. In
the methodology described in Section 2, this is done in the
first step: initial loading calculation. The taps of the blue
PSTs are subsequently considered to be fixed during the
market clearing simulation. The blue PSTs therefore do
not add degrees of freedom to the market clearing. This
type of modelling, in which a fraction of the PST capacity is
used to optimise capacities before the market clearing, is
comparable to current operational practice. All of the PSTs
(orange and blue in Figure 12) are optimised by the TSOs
to solve overloads after the market clearing when securing
the grid.

No locational information
of bids in bidding zone
Initial loading increases as
result of energy transition
and grid lagging behind

Figure 23 schematically shows the principles and the challenges of the reference market design. This market design
relies on the application of minimum margins (minRAM)
in order to provide 70% of the available capacity of the
grid element for cross-zonal trade as required by the Clean
Energy Package [EUC-3]. This leads to providing virtual
capacities to the market in case the initial loading exceeds
30% of the available capacity of the grid element (step 1 in
Figure 23).
Only cross-border grid elements are considered as constraints during the market clearing. The reference market
design leads to potentially high overloads in the grid after
the market, which the TSOs then resolve by changing
grid topology, changing PST and HVDC set points or by
activating redispatch after the market clearing (step 2 in
Figure 23).

26

Available
capacity
[MW]

70%

initial
loading

M a r k e t d e si g n s a n a l y se d

3.3.

Flex-In-Market design
within the market clearing. It is therefore important that
the market clearing has a good view on the real grid constraints. If not, those flexible resources would be optimised
and activated on the basis of inaccurate information,
leading to a sub-optimal solution. Moreover, those means
might not be available anymore (as they are already used)
to solve then the real overloads after the market clearing.
This is explained in Figure 25.

This study proposes an improved Flex-In-Market design
that provides additional flexibility to the market clearing
for efficiently managing congestions within the market
instead of after the market.
In this context ‘flexibility’ refers to the degrees of freedom
available to the market clearing under the form of PSTs,
HVDCs and Dispatch Hubs (see the Technical Summary of
this study reference [ELI-5] for a detailed description of the
concept of Dispatch Hubs).

SCHEMATIC ILLUSTRATION OF THE RANGE OF
DEGREES OF FREEDOM WHICH CAN BE MADE
AVAILABLE TO THE MARKET [FIGURE 24]

The pan-European day-ahead wholesale electricity market
tries to find an optimal dispatch in the sense that it looks
for the solution with the minimal system cost, taking into
account grid constraints (flow-based or NTC constraints).
The variables which can be used to achieve this optimal
dispatch, also referred to as ‘degrees of freedom’, are classically the bidding zone balances (i.e. net position of import
or export). However, the electricity system has a vast multitude of degrees of freedom. Today a large part of those
degrees of freedom are optimised after the market clearing (e.g. redispatch on generation or demand units). Also
controllable devices such as PSTs and (internal) HVDCs
can bring additional degrees of freedom. The concept of
degrees of freedom is illustrated in Figure 24.

Generator
Load

In the reference market design the TSOs provide minimum available margins to the market and only consider
cross-border grid elements as constraints for the market
clearing. This inevitably leads to overloads in the grid. In
a later step, TSOs then solve those overloads by changing
grid topology, set points of PSTs and (internal) HVDCs and
by performing redispatch. In contrast, the Flex-In-Market
design aims to optimise most of those flexibilities directly

Zone B

Zone A
Zone C

ILLUSTRATION ON THE NEED FOR BETTER INFORMATION ON THE GRID FOR THE MARKET WHEN ADDITIONAL
FLEXIBILITY IS PROVIDED IN THE MARKET [FIGURE 25]

Need to provide
market with
better information
on the grid

Reference market design

Flex-In-Market design

Market has not a good view on
the grid. Flexibility to secure the
grid is therefore optimised after
the market.

Market needs accurate information
on grid constraints as flexibility
to solve congestions is optimised
within the market.
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s ettings of those devices from a welfare point of view.
Concretely the market clearing now has the flexibility to
change the set points of those devices to direct flows from
a congested grid element towards grid elements on which
capacity is still available (i.e. redirecting flows). In this way,
the total commercial exchange between bidding zones
can be increased, thus allowing for a more optimal dispatch (e.g. by reducing loop flows,…). In the Flex-In-Market
design, the TSOs operate PSTs and HVDCs and are responsible for defining the final settings of those devices when
securing the grid after the market. Figure 26 gives an overview of the PSTs, HVDCs and Dispatch Hubs that are optimised in the performed simulations on the Flex-In-Market
design.

The following aspects are important to provide the market
an accurate view on the grid:
yyProvide the most relevant ‘important’ grid constraints
with respect to cross-zonal exchanges to the market;
yyProvide a high quality estimation of the initial loading
on the grid elements (i.e. with no commercial exchanges) to the market; and
yyIncorporate an accurate model for simulating the flow
impact of cross-zonal exchanges on a specific transmission line.
The proposed Flex-In-Market design incorporates selected
important internal grid elements. This study, without any
prejudice to the final criterion, considers grid elements on
which at least 10% of at least one commercial exchange
between any combination of two bidding zones (see Section 2.4) passes. In addition, no minimum margin (minRAM)
is made available on grid elements at zero commercial
exchange. This ensures that the correct information is available to the market in order to manage the congestions in
the most efficient way in the market clearing.

Besides the additional flexibility which can be introduced
in the market by PSTs and (internal) HVDCs, from Figure 24
it is clear that also other resources, such as conventional
generators, can provide extra degrees of freedom to the
market. By selecting specific resources (e.g. conventional
generation or redispatch potential) which have a high
impact on congested grid elements (e.g. located on both
sides of a grid element that often restricts the market),
additional degrees of freedom can be offered to the
market clearing for managing congestions, while keeping
the existing bidding zones untouched. This is the underlying idea behind the concept of Dispatch Hubs (see the
Technical Summary of this study reference [ELI-5] for a
detailed description of the concept of Dispatch Hubs).

The Flex-In-Market design optimises the flexibility from
PSTs, (internal) HVDCs and so-called Dispatch Hubs
directly in the market clearing. This means that instead
of having TSOs to estimate the optimal set points of PSTs
and internal HVDCs before the market clearing, it is now
the market clearing that indicates the most optimal

FLEXIBILITY OPTIMISED IN THE MARKET COUPLING IN THE FLEX-IN-MARKET DESIGN [FIGURE 26]
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In this study two potential ways for defining the location
and size of Dispatch Hubs are identified. In the performed
simulations, a methodological approach has been followed, as illustrated on the left in Figure 27. The process
consists of following steps:
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yyStep 1b:
• Compare the absolute deviation of net positions of
the small zones for both runs on hourly basis (absolute values). Clusters with the highest differences
(a threshold of 2 TWh on a yearly basis was used) in
net position were considered as good locations for
Dispatch Hubs;

yyStep 1a: Perform a technical small zones simulation
(Section 3.1) and the reference market simulation
(Section 3.2);

• Define on an hourly basis the 90th percentile of the
absolute deviations in net positions for that zone. This
defines the capacity of the Dispatch Hub volume
which allows to cover most of the deviations.
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Other procedures to determine size and location of Dispatch Hubs can be envisioned. The optimal location of
the Dispatch Hubs strongly depends on the underlying
congestions in the grid. Their location must be defined by
the TSOs in a transparent way. As illustrated on the right in

Figure 27, Dispatch Hubs could also be introduced at both
sides of a structural congestion. The size of the Dispatch
Hubs could then be determined based on the size of the
overloads that must be resolved.

PROCESS FOLLOWED IN THIS STUDY TO DETERMINE THE LOCATION AND SIZE OF THE DISPATCH HUBS (LEFT)
AS WELL AS A POSSIBLE ALTERNATIVE PROCESS (RIGHT) [FIGURE 27]
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• Location: select the technical small
zones with largest absolute deviation

• Calculate the difference in net position
for each technical small zone for each
hour

• Size: define X% percentile of hourly
deviations the Dispatch Hub must
cover

DISPATCH HUB CAPACITY AS USED FOR THIS STUDY
[GW] [FIGURE 28]
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of the zone has been isolated in the Dispatch Hub (in
absence of other means to manage congestions in the
applied 2030 model). Dispatch Hubs are introduced as a
new concept in this study. The concept requires further
discussion and elaboration with different stakeholders on
European level.

The result of the previously described process (left of Figure
27) is shown in Figure 28. The figure shows the Dispatch
Hub capacity and location for the 14 Dispatch Hubs which
are used in this study. In the performed simulations, the
Dispatch Hubs consist of large conventional thermal production units, except for the 4.0 GW in the north of Germany. In this specific zone, a small fraction of the wind
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market clearing, and for this an optimal coordinated costoptimised redispatch scheme should be implemented.

Figure 29 summarises the principles of the analysed FlexIn-Market design. First, the market is provided with a better
view on the grid constraints, by removing virtual margins
and including important internal grid elements as constraints in the market clearing. Next, the market clearing
gets access to more flexibility to manage congestions in a
more efficient way, under the form of PSTs, internal HVDCs
and Dispatch Hubs. This allows a higher utilisation of the
grid and reduces the overloads after the market clearing.
Residual (small) congestions will still need to be solved after

The goal of the Flex-In-Market design is to provide a larger
flow-based domain compared to the reference market
design. Solutions can be envisaged to mitigate situations where insufficient flexibility would be offered to the
market to provide a domain that at least matches the reference market flow-based domain. Those measures were
not considered in this study.

PRINCIPLES OF THE FLEX-IN-MARKET DESIGN [FIGURE 29]
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BOX 3.1: OPTIMISATION OF HVDCs, PSTs AND DISPATCH HUBS WITHIN THE MARKET
CLEARING
of the estimated market outcome. Their set points
cannot be changed by the market clearing algorithm
subsequently. The differences between the Flex-In-Market design and the reference market design are shown
in Figure 30. On the left, only the net positions of the
bidding zones are taken into account as variables in the
market clearing algorithm, whilst on the right additional
variables are added to the market optimisation.

For the optimisation of both HVDCs and PSTs in the
market clearing, the Flex-In-Market design uses the concept of evolved flow-based. Evolved flow-based allows
the market clearing algorithm to define optimal set
points for these controllable devices, in order to determine a dispatch which generates the highest welfare. In
today’s market design, the set points of PSTs and HVDCs
are optimised by TSOs before the market to provide as
much transmission capacity as possible in the direction

OPTIMISATION OF PSTs, HVDCs AND DISPATCH HUBS THROUGH EVOLVED FLOW-BASED MECHANISM [FIGURE 30]
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In the Flex-In-Market design, the TSOs will provide in a
first stage technical information regarding the controllable devices to the market algorithm. This technical
information includes the range of set points that is
available for the market, as well as the flow impact of
changing the set points of these controllable devices on
the considered grid elements in the market.

the bidding zone in which they are located. Depending
on the implementation, separate market bids are
provided for each individual Dispatch Hub. The impact
of a change in net position of a Dispatch Hub on each
CNEC is calculated and included in the PTDF matrix.
A change in net position in a Dispatch Hub impacts the
network constraints in the same way as the other variables represented by the columns of the PTDF matrix
(see Figure 31), and no additional constraints are added
when Dispatch Hubs are used. This network impact is
taken into account by the market algorithm to define
the net position and price within the Dispatch Hub (via
the flow-based mechanism).

This information is introduced as new variables (degrees
of freedom) in the flow-based model. For both the PSTs
and HVDCs, these additional variables correspond to
additional columns in the PTDF matrix, as shown in
Figure 31. As explained in Box 2.1, the PTDF matrix has
a row for each CNEC and a column for each variable
impacting the flow on the critical network element. On
top of the net positions of the bidding zones, columns
are also added for the set points of the PSTs and HVDCs.

EXAMPLE OF A PTDF MATRIX FOR EVOLVED FLOWBASED MODELLING OF PSTs, HVDCs AND DISPATCH
HUBS [FIGURE 31]

The Flex-In-Market design defines optimal set points for
the controllable devices in the market. Afterwards the
TSO will define the final set point of those devices when
securing the grid. The TSOs then apply the final set point
on the controllable devices they operate.

BE

Additional degrees of freedom can also be created by
the inclusion of Dispatch Hubs. In the market clearing, Dispatch Hubs are flexible resources or redispatch
potential that can be optimised independently from
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BOX 3.2: TWO WAYS FOR IMPLEMENTING DISPATCH HUBS
which could be interesting in case of redispatch potential on renewables, meaning that the TSO could wait
until a later moment on the need for RES curtailment.
In the redispatch potential bids model, the market first
settles the selected redispatch potential with the TSO.
Afterwards the TSO settles the called upon redispatch
with the market parties.

This study identifies two distinct variants of Dispatch
Hubs (see Figure 32). Dispatch Hubs can contain redispatch potential bids (left of the figure) or market bids
(right of the figure). The main difference between both
methods is whether Dispatch Hubs contain physical
assets (e.g. conventional generation) or the redispatch
potential of those assets. The mechanics for optimising
Dispatch Hubs in the market, as explained in Box 3.1, are
similar for both methods.

In the market bids variant of Dispatch Hubs, market parties have to submit separate bids for resources included
in the Dispatch Hubs (e.g. conventional generation
units). In this case, TSOs need to submit the relevant
information of the Dispatch Hub for the PTDF matrix
to the market. The market clearing will then directly
optimise the resources included in the Dispatch Hubs
(instead of selecting redispatch potential for activation).
All simulations performed in this study are based on this
approach.

In the redispatch potential bid variant, a Dispatch Hub
represents the redispatch potential, at a certain volume
and a certain price that is available at a specific location
in the grid (sell or buy bids). Before the market clearing, TSOs submit ‘Dispatch Hub (DH) bids’, as well as
the impact of the Dispatch Hubs on the grid elements
(extra column in the PTDF matrix). These bids are then
included in the market clearing in the same way as other
bids. If the market clearing selects ‘DH bids’, the TSO
needs to activate (after the market clearing) the underlying redispatch potential. This approach would allow
for a wait and see approach, as TSOs could further wait
and see whether the RD potential must be activated,

Both variants of Dispatch Hubs have advantages and
disadvantages. Further discussions are needed on European level with other TSOs, market parties and policy
makers on the possible variants of Dispatch Hubs.

THE VARIANTS OF DISPATCH HUB IMPLEMENTATION [FIGURE 32]
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4.1.

How to understand
the results?
The market simulations are performed for an entire year
(8760 hours), representing the meteorological conditions
of 2012. As this study focuses on orders of magnitudes
and relative comparisons between different options, the
insights obtained on that basis can be considered relevant
and robust.

The market simulations in this study are performed with
the software tool Antares [ANT-1]. The Antares tool simulates the European electricity market on an hourly basis
with following underlying assumptions:
 Generators bid at short-run marginal costs, not
taking into account eventual extra costs to recover
investments;

It is important to highlight some differences in the performed simulations compared with previous studies by
Elia and/or 50Hertz. Given the purpose of the performed
simulations (i.e. to quantify relative differences between
scenarios), these differences are assumed to have no significant impact on the conclusions of the study. The differences are listed below:

 The market clearing assumes perfect market conditions, and does not take into account portfolio optimising strategies or market power; and
 All simulations assume perfect foresight, e.g. not
accounting for forecast errors of intermittent renewable production.

 No detailed modelling of Power to Heat or Power
to Gas, as is performed in the German Federal Grid
Development Plan [NEP-1];

The simulations in this study assess the impact of changes in grid infrastructure or market design in the European interconnected electricity system on the generated
welfare. The study focuses on relative effects caused by
those changes and their order of magnitude. Further discussion and elaboration with various stakeholders on the
proposed concepts is required.

 No modelling of Vehicle to Grid technology;
 Modelling of demand side response at €400/MWh for
all considered countries and with one type of temporal
constraints; and
 No limit on the maximal import or export for any bidding zones.
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4.2.

Simulation results for
reference market design

In this section, the simulation results for the reference market design, as described in Section 3.2,
are shown. First, some general simulation outcomes are provided in Section 4.2.1. Next, Section 4.2.2
highlights the differences in market dispatch between the technical small zones and the reference
market design. These results are used to define the location and size of Dispatch Hubs for the FlexIn-Market design (cf. Section 4.3).

4.2.1. Simulation results for reference market design
proportional with the volume of produced energy within
the small region. Figure 33 provides general insights on the
resulting generation mix for the performed 2030 simulations. For example, while the technical small zones in the
north of Germany are characterised by high onshore and
offshore wind generation, the southern small zones have
more photovoltaic generation.

Figure 33 shows the simulated yearly production mix
(i.e. the energy produced per technology) for the reference market design after market clearing (before securing the grid, i.e. not taking into account changes due to
redispatch). The results are aggregated per country on
the left side of the figure. The detailed production mix
on technical small zone level is shown on right side for
a selected region. The size of the circles on the right side is

YEARLY PRODUCTION MIX AFTER MARKET CLEARING FOR THE REFERENCE MARKET DESIGN IN 2030 [FIGURE 33]
NUCLEAR
COAL
GAS
OTHER
WIND
SOLAR
HYDRO
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Figure 34 shows the yearly balances (i.e. net position in
TWh for the simulated year 2030) for the reference market
design after market clearing and before redispatch. It
shows a significant positive balance for the northern part
of Germany (coastline North Sea and Baltic Sea), resulting
from high wind generation (see Figure 33). Consumption
centres are located more in the south of Germany (negative balance). Therefore, the power produced in the north
of Germany has to be transported towards the consumption centres (e.g. in south of Germany or neighbouring
countries). France and Norway are net exporters of energy
in the performed simulations.

YEARLY NET BALANCES AFTER MARKET CLEARING
FOR THE REFERENCE MARKET DESIGN IN 2030
[FIGURE 34]
Balance [TWh/y]
-100 – -50
-50 – 0
0 – 50
50 – 100

The balances shown in Figure 34 do not represent the final
physical dispatch, since redispatch needed to secure the
grid is not included. Figure 36 shows the simulated redispatch volumes in TWh for each of the technical small zones
for the reference market design. In Germany, it reveals a
need for downward redispatch in the north of Germany
(mainly federal states of Schleswig-Holstein and Lower
Saxony) and for upward redispatch in the south and west
of Germany (mainly federal states of North Rhine-Westphalia, Hesse, Baden-Wuerttemberg, Bavaria).
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BOX 4.1: LOW AND HIGH WIND CONDITIONS IN GERMANY
An analysis was performed on the impact of high and
low wind conditions in Germany on the European interconnected electricity system. Different situations were
defined: values for high (low) wind conditions represent the average value for all hours where more (less)
than 67% (33%) of the yearly maximum observed wind
infeed 6 is realised in Germany.

In the ‘high wind’ situation, the north of Germany, with
high offshore and onshore wind production capacity,
is exporting significant volumes of wind energy. This
energy is flowing to the consumption centres in the
south of Germany and is exported to neighbouring countries. The export in the ‘high wind’ situation for Germany
is more than 20 GW on average in the performed simulations. In the ‘low wind’ situation, Germany becomes a net
importer (2 GW on average). Our simulations show that
France remains on average a stable, net exporter both in
the ‘high wind’ and the ‘low wind’ situation for Germany.

Figure 35 shows the resulting average balance of the
technical small zones as defined in the market clearing
(i.e. before securing the grid with a.o. redispatch) for the
two situations defined above. The color scale flows from
dark green (high export), to dark red (high import). The
left of Figure 35 illustrates the ‘low wind’ situation and
the right part of the figure the ‘high wind’ situation.

6. For the 2030 simulation, on the basis of 2012 meteorological conditions.

NET AVERAGE POWER BALANCE IN [GW] OF DIFFERENT GEOGRAPHICAL AREAS FOR LOW (LEFT) AND
HIGH (RIGHT) WIND CONDITIONS IN GERMANY [FIGURE 35]
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Figure 37 shows the yearly average flow pattern for the
performed simulations. It shows, for the reference market
design after redispatch, the net physical flows between the
technical small zones for the entire simulated perimeter.
The net physical flow gives, for a single border between two
areas, the direction and volume of the average flow (with
average flows having a different sign for both directions).
The net physical flow therefore does not show the amplitude of the flows in individual directions. For the sake of
readability, only yearly average flows above 1000 MW are
shown.

YEARLY REDISPATCH VOLUMES FOR THE
REFERENCE MARKET DESIGN [FIGURE 36]
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The figure shows clearly the high average flows from the
north of Germany to the south. As described before, this is
due to the spread of consumption and production centres
in Germany. In addition, the graph also shows the export
flows going from France to its neighbouring countries (Belgium, Germany, Italy, ...) for the performed simulations.

AVERAGE NET PHYSICAL FLOWS AFTER REDISPATCH IN THE REFERENCE SCENARIO [FIGURE 37]
Average physical
flow [MW]
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4.2.2. Sizing and location of Dispatch Hubs for Flex-In-Market design
The method used in this study to determine the location
of the Dispatch Hubs was explained in Section 3.3. The
method consists of comparing the difference in market
dispatch between the reference market design and the
small zone technical reference on an hourly basis. These
differences are shown in Figure 38 on a yearly basis for
the reference market design for the HVDC sensitivity (i.e.
assuming that not all German internal north-south HVDCs
are in place) introduced in Section 1.4. The amount of capacity placed in the Dispatch Hubs for our simulations is
defined as the 90th percentile of the hourly (absolute) difference in market dispatch for each technical small zone
(see Section 3.3 for more details).

4.3.

YEARLY DIFFERENCE IN DISPATCH [IN TWh]
BETWEEN THE REFERENCE DESIGN AND THE SMALL
ZONE TECHNICAL REFERENCE FOR THE HVDC
SENSITIVITY [FIGURE 38]
Total dispatch
difference [TWh/y]
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Role of grid infrastructure
in the next stage of
the energy transition
The bar chart on the left of Figure 39 highlights the
welfare losses of the HVDC sensitivity compared to the
HVDC reference for the reference market design. The values
were also calculated for the CO2 sensitivity (see Section 1.3).
The welfare losses are estimated to be approximately
€ 950 million (€ 1400 million for the CO2 sensitivity).
Besides welfare losses, the HVDC sensitivity also shows an
increase in volumes of RES curtailment of approximately
40% (see Figure 39 on the right). These values will even
become more significant beyond 2030 as the volume of
RES in the system will further increase on the road to full
decarbonisation.

In this study, we have performed simulations that show the
importance of the timely implementation of planned grid
infrastructure for the efficient realisation of the next stage
of the energy transition in the run-up to 2030. For this, we
performed simulations for a situation in which not all the
internal north to south HVDCs are in place in Germany
(HVDC sensitivity). The simulations for this HVDC sensitivity only consider the A1 and A2 HVDCs (also referred to as
Ultranet) from Figure 10 as implemented. By comparing,
for the reference market design, the HVDC sensitivity to the
case where all planned internal HVDCs are in place (HVDC
reference), we can simulate the effects of not having the
German internal HVDCs in place in time.
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WELFARE LOSSES AND INCREASE IN RES CURTAILMENT FOR THE HVDC SENSITIVITY IN THE REFERENCE
MARKET DESIGN [FIGURE 39]
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exchanges, significant redispatch to secure the grid is
required (see before).

One of the main drivers for the welfare losses in the HVDC
sensitivity is the increase in redispatch costs. Figure 41
shows the redispatch volumes to secure the grid after
the market clearing for both the HVDC reference and
the HVDC sensitivity. The German north-south internal
HVDCs significantly reduce the need for redispatch in
Germany. As the reference market design only considers
cross-border network elements in the market clearing and
applies a (virtual) minimum margin of 70% for cross-zonal

Besides, the German north-south HVDC lines have a positive impact on the amount of loop flows generated by
Germany. Their DC technology allows those lines to transport RES energy directly from the north to the south,
without generating flows through the neighbouring
grids.

YEARLY REDISPATCH VOLUMES FOR THE REFERENCE MARKET DESIGN [FIGURE 41]
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4.4.

Simulation results for
Flex-In-Market design
optimal way. In addition, as the market has a better view
on the grid constraints and has the means to deal with
congestions on those constraints, the need for redispatch
after the market is lower.

This section provides the simulation results for the FlexIn-Market design as described in Section 3.3. Figure 42
(left) shows the welfare gains of the Flex-In-Market design
compared to the reference market design (values are also
shown for the CO2 sensitivity). Total welfare gains obtained
in the simulations are between € 300 million and € 400
million (CO2 sensitivity). The welfare gains are broken down
in market welfare gains and avoided redispatch costs. The
gain in market welfare is the result of a more efficient use
of the grid infrastructure, as the market has additional
degrees of freedom to manage congestions in a more

On the right side of Figure 42 the avoided RES curtailment
is shown for both the reference and the CO2 sensitivity.
From the simulations it follows that between 10 and 15%
of the RES curtailment can be avoided with the Flex-InMarket design in comparison with the reference market
design.

GAINS OF THE FLEX-IN-MARKET DESIGN [FIGURE 42]
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The Flex-In-Market design brings significant benefits in a
case where grid expansion is lagging behind the development of renewables. To illustrate this, in Figure 43 the
impact of the Flex-In-Market design on German redispatch
costs and on total avoided renewable curtailment is shown
for the HVDC sensitivity. Total renewable curtailment can
be reduced by approximately 20-30% and German redispatch costs can be reduced up to 70%.

Depending on the implementation (see Box 3.2), the
introduction of Dispatch Hubs might trigger discussions
on transitory measures (e.g. compensation of resources
located in Dispatch Hubs). The effects of such measures
must be taken into account when assessing the overall
impact of the design.
Figure 44 shows the difference in average yearly price
between the reference market design and the Flex-InMarket design for the HVDC sensitivity (positive values
indicate an increase in average price for the Flex-In-Market
scenario). From the figure, it can be seen that the average
yearly prices increase in most areas for the Flex-In-Market
design. The reason for this is that the gap between markets and physics reduces (i.e. costs for managing congestion are co-optimised within the market coupling in contrast to performing costly redispatch after the market to
manage congestions). At the same time redispatch costs
(borne by end consumers) go down and overall welfare
for society in Europe goes up. The gap between markets
and physics narrows under the Flex-In-Market. In total, the
redispatch volume decreases by 50%. Also prices become
more reflective of the final physical dispatch, which contributes to the long-term efficiency of the electrical system
as prices play a pivotal role with respect to market behavior
and investments.

In total, the improvements implemented by the FlexIn-Market design capture between 30% and 55% of the
possible theoretical welfare difference between the reference market design and a market design with technical
small bidding zones (see Section 3.1). These numbers do
not include other effects, that go beyond the scope of this
study, which might come into play in case of the technical
small zone model (e.g. reduced market liquidity,…). The
results must therefore be interpreted with caution.
The optimisation of the set points of PSTs and HVDCs in the
market realises the majority of the welfare gains and benefits in the Flex-In-Market design. These measures are noncostly actions and are therefore applied in first instance by
the market to solve congestions. Dispatch Hubs, for which
the activation represents an extra cost for the market to be
compared with the additional welfare created, bring additional value in case of market price delta’s, significant grid
congestions and in order to reach the 70% of capacity that
must be made available to the market under the Clean
Energy Package. In all cases, Dispatch Hubs narrow the
gap between markets and physics, by reducing redispatch
costs.

DIFFERENCE IN AVERAGE YEARLY PRICES IN THE
FLEX-IN-MARKET DESIGN COMPARED TO THE
REFERENCE MARKET DESIGN (HVDC SENSITIVITY)
[FIGURE 44]

The above is confirmed by our simulations, where Dispatch
Hubs added 20% welfare gains in simulations for 2030
for the HVDC sensitivity but didn’t increase welfare for the
HVDC reference situation. In both cases Dispatch Hubs
reduced redispatch costs further with approximately 10%.
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+€0.1

Avoid RES curtailment

CO2 sensitivity
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Optimising and
strengthening
the grid
5.1. Higher utilisation of grid infrastructure
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5.2. Further investigations and development
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The electricity flows in the European interconnected system will increase in size and become more
volatile in the run-up to 2030. Underlying drivers are the increase of renewables, often located far
away from consumption centres, and the decrease of conventional generation which is typically
located closer to consumption centres. In addition, flows originating from cross-border exchanges are
expected to increase given the ambitious targets put forward by Europe in the Clean Energy Package.
In order to accommodate those higher and more volatile flows, there is a need for additional grid infrastructure
(hardware). For this a process is followed in which the grid

is first optimised, then strengthened and, where required,
is ultimately expanded by building new corridors (see
Figure 45).

NOVA PRINCIPLE [FIGURE 45]

Optimisation

Strengthening

Expansion

NOVA: German for “Netz-Optimierung vor Verstärkung vor Ausbau”

Optimisation and strengthening of the existing grid infrastructure usually has shorter lead-times compared to realising new corridors. As grid infrastructure is already lagging
behind the rapid increase of renewables, those measures are very important to -at least partially- bridge the
gap in transmission needs in the upcoming years (ahead
of the planned grid expansion coming up to speed).
Elia Group builds on three corner stones to achieve this
(see Section 5.1).

Grid expansion is lagging behind the rapid increase of
renewables in some countries. The reason for this is the
significant difference in lead-time between realising grid
infrastructure compared to building renewables (> 5 years),
amongst others due to complex and lengthy permitting
procedures.
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5.1.

Higher utilisation
of grid infrastructure
Control power ﬂows

The EU transmission grid is highly meshed. This means that
power flows are distributed over parallel pathways, following the path of least resistance (Kirchhoff’s law). Therefore,
it can occur that flows in one pathway are reaching the
operational limits, whilst there is still capacity left in parallel pathways. In such cases, the transmission capabilities
of the grid can be increased by either redirecting the flows
towards the less loaded lines (grid optimisation) or by
increasing the transmission capacity of the heavily loaded
line (grid strengthening). In practice, both approaches are
combined to reach an optimal result (see also [50H-1]).
Both approaches lead to a higher utilisation of the grid
as they enable higher grid loading. However, moving to
higher overall grid loading comes along with other challenges in terms of system security and grid stability. Therefore, the Elia Group takes the necessary actions to maintain
the high standard of security in the power system.

The amount of controllable devices, i.e. assets that can
actively control the flow pattern in the grid, will increase
significantly towards 2030. These assets can be used to
reach a more optimal flow distribution in the grid, meaning that they can shift flows from heavily loaded to less
loaded lines. Overall this will lead to a higher loading and
therefore increased use of the grid infrastructure. The most
important controllable devices are PSTs and HVDCs (see
Figure 47). One of the main challenges of those technologies is their coordination at European level. Elia Group
proposes in this paper a solution in which the market
plays a key role (see Section 3.3). Elia Group also actively
participates in discussions on how to further optimise
those controllable devices after the market when securing
the interconnected European grid. For more background
on power flow control through the use of PST and HVDC
please see Section 1.4. Another way of redirecting the flows
in the grid is to perform topological actions within system
operations. The flow pattern in the grid can be optimised
by actively changing the topology of the grid (e.g. busbar
switching) as this changes the electrical distances in the
grid. Elia Group also uses topological actions for optimising
the operation of the power grid.

Three cornerstones for higher grid utilisation
The most important cornerstones applied by the Elia Group
for optimising and strengthening the grid are presented in
Figure 46.

Higher utilisation

THE THREE CORNERSTONES OF HIGHER GRID
UTILISATION [FIGURE 46]
Control ﬂow

Increase
capacities

Ensure
security

TECHNOLOGIES TO STEER FLOWS IN THE GRID
[FIGURE 47]

Optimise the power flow
distribution to use available
capacities more efficiently

Higher utilisation

Strengthen the grid at local
bottlenecks to increase capacity
for the overall utilisation

Control ﬂow

Ensure a secure operation of
a system with higher flows
and more power electronics
(dynamic stability)

PST

HVDC

PST: Phase-Shifting Transformer.
HVDC: High Voltage Direct Current transmission line.

The following paragraphs provide a more in-depth insight
on some of the technologies behind the three corner
stones which are applied by the Elia Group for optimising
and strengthening the grid.

HVDC refers to high voltage direct current power
transmission technology. It is mostly used for
long-distance connections, between unsynchronised
power grids or to offer a better controllability of flows.
Furthermore, many offshore interconnections are
designed as HVDC links. Based on power electronic
devices that convert direct and alternating current
(converter station) the power flow through HVDC
becomes controllable. This key feature allows HVDC
technology to be used for grid optimisation.
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ELIA FEDERAAL ONTWIKKELINGSPLAN 2015-2025

Increase transmission capacity

•

PLANNED HTLS BY 2030 ELIA [FIGURE 49]

The transmission capacity of overhead lines is determined
by the insulation distance, namely the minimal acceptable distance of the conductor to the ground, as well as
by the admissible limits for electromagnetic fields. When
a current flows through a conductor, the conductor heats
up and expands. This increases the sag of the line, which
reduces the distance to the ground and ultimately limits
the transmission capacity of the line. Ambient conditions
such as temperature and wind have a strong impact on
the temperature (and hence the sag) of conductors. For
example, in cases of high wind or low temperatures, conductors operate at lower temperatures and therefore show
reduced sag.
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INCREASING TRANSMISSION CAPACITY IN THE GRID
[FIGURE 48]

AUBANGE

Planned HTLS

MOULAINE

SCHIFFLANGE

Higher utilisation

Increase capacities

HTLS

HTLS corresponds to an overhead line made of a special conductor material with higher thermal capability. The conductor allows higher operational temperatures before exceeding the distance limitations to the
ground. It enables therefore higher maximum operating currents than conventional power lines. Overhead
lines with HTLS can transport significantly more power
permanently.

DLR

HTLS: High Temperature and Low Sag conductor.
DLR: Dynamic Line Rating.

The most important approaches to increase the transmission capacity of overhead lines are condition monitoring
(DLR) and asset upgrading (HTLS). Condition monitoring
refers to the more detailed monitoring of the loading and
ambient conditions of the asset, in order to assess if operational limits are breached. Up-to-date measurements
reveal the remaining potential of the conductor and allow
changing the maximum admissible power flows over
the conductor. Asset upgrading refers to the use of more
advanced conductor materials. These materials have beneficial thermal properties and are therefore able to transmit
more current.

HTLS [FIGURE 50]
Grid strengthening by
HTLS technology

Elia Group has already built up significant experience with
HTLS and DLR technologies. It plans to further deploy
those technologies over the upcoming years. Figure 49
shows the planned HTLS reinforcements in the grid of Elia
by 2030 [ELI-2].
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OPERATIONAL SECURITY FOR THE SYSTEM
[FIGURE 52]

DLR refers to a system used to monitor the condition
(e.g. temperature, tension, sag) of the conductor and
dynamically adapt its temporary operational limitations. Under specific conditions power lines can maintain higher currents, e.g. during colder, windy weather
conditions with correspondingly better cooling of the
conductor. By dynamically adapting the operational
limitations, the line capacity can be increased compared to static operational limits, which correspond
to worst-case conditions in order to ensure system
security at all times.

Higher utilisation

Ensure security

STATCOM

GOSCo (concept)

STATCOM: Static Synchronous Compensator.
GOSCo: Grid Optimising Storage and Compensation.

DLR [FIGURE 51]
Increasing transmission
capacity with DLR

STATCOM is a part of the family of reactive power
compensation devices. Similar to the HVDC converter
station, it is based on power electronic technology.
It allows for controlled injection and absorption of
reactive power, and is thus an element of the tools
available to system operators for the purpose of voltage control. Because of its improved capabilities versus
traditional compensation elements, STATCOM provides additional gains to the voltage control, and hence
guarantee the quality of supply to the end consumer.

PLANNED HTLS AND DLR BY 2030 50HERTZ
[FIGURE 53]
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Ensuring security and stability of the electrical
system
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The optimisation and strengthening of the grid will lead to
increased grid loading and higher currents in the system.
At the same time, the share of conventional synchronous
generation, supporting the system stability, will decrease.
A significant amount of resources will be coupled to the
system with a power electronics interface. This requires
additional measures to ensure a secure operation of the
grid, in particular to ensure voltage and dynamic stability
in the grid. Hence, Elia Group is investigating and implementing measures, where required, to maintain the secure
operation of the grid.
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In the next phase of the energy transition towards 2030,
technological solutions have to be adopted to ensure voltage and frequency stability (inertia 7) in the European electricity system. To ensure for example voltage stability, Elia
Group investigates compensation technologies, which can
provide voltage support in the control area of 50Hertz (e.g.
STATCOMs).
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Legende
As
forseen in grid development plan. Currently partly approved.
Leitung

380 kV

Leitung in Planung/Bau

380 kV

Leitung

220 kV

220 kV

HGÜ/Gleichstromverbindung

400 kV

Transformation 380/220 kV

HGÜ/Gleichstromverbindung
in Planung/Bau

300/320/525 kV

andere Unternehmen

380/220 kV

HGÜ/Back-to-Back-Konverter
in Planung/Bau

380/150 kV

Schaltanlagen (zum Großteil mit Übergängen
zu den Verteilnetzbetreibern)
380 kV

Transformation 380/150 kV
in Planung/Bau
andere Unternehmen
110 Betriebsspannung in kV

Netznutzer:
Unsere Kunden sind regionale Verteilnetzbetreiber
und an das Übertragungsnetz angeschlossene
Kraftwerke, Pumpspeicherwerke, Windparks und
Großindustrie.
konventionelles Kraftwerk
Pumpspeicherwerk
Phasenschiebertransformatoren
Windpark Onshore/Offshore

Windpark Onshore in Planung/Bau
7. Inertia: Generators are essentially large rotating masses. Their speed of rotation is proportional to the system frequency.
Changes in demand
cause
of
Windpark
Offshore deviations
in Planung/Bau
HGÜ/Konverter
300/320/525 kVor generation
in Planung/Bau
Neubau weitgehend in Bestandstrasse
frequency because they affect the rotation speed of the generators, and thus their accumulated kinetic energy. The larger
and
more numerous
the generators are, the smaller
Netzanschluss
Offshore
150/220 kV
Netzanschluss Offshore
150/220 kV
the impact of a given imbalance of power. Inertia limits the rate of change in frequency on very short time frames (before
FCR activation)
in the energy system after a power
in Planung/Bau
imbalance.
HGÜ/Konverter

400 kV

Stand: Dezember 2018
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GOSCo is a concept under investigation within the
Elia Group in which STATCOM technology is further
developed to also enable inertia support. The GOSCo
brings improved features for dampening transient
effects in case of contingencies (e.g. short-circuits or
system splits), to secure system stability. The GOSCo
can mimic the behavior of a synchronous generator
to support voltage stability and frequency (inertia) in
very short timeframes.

GOSCo CONCEPT [FIGURE 54]
Transmission Grid

Compensation

Very shortterm storage

RES

Converter

GOSCo

GOSCo: Grid Optimising Storage and Compensation.
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5.2.

Further investigations
and development

The next stage of the energy transition towards 2030 will
require a higher utilisation of the grid and poses new challenges in terms of ensuring system security.

processes and better coordination of controllable devices
in the grid are investigated to deal in an optimal way
with the increased complexity of the future electricity
system.

Elia Group is preparing the grid to deal with higher flows
and declining shares of conventional generation. It will
deploy the right technologies -at the right time- to maintain the high standards of system security. For example,
50Hertz plans to integrate Static Synchronous Compensators in its grid, enabling the system to operate with higher
currents in a secure way.

Elia Group, as one of the front-runners in market and
renewables integration, will not stop there. Further
developments to improve the utilisation of the grid and
to ensure system security will be studied, tested and
-in case of positive results- integrated by the Group (e.g.
GOSCo concept, further application of curative remedial
actions). This in close cooperation with other TSOs and
stakeholders at European level.

At the same time, Elia Group is continuously improving
the way it operates the system. Further digitisation of
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Glossary

AC: Alternating Current.

HP: Heat Pump.

BZ: Bidding Zone.

HTLS: High Temperature and Low Sag Conductor.

CCM: Capacity Calculation Methodology.

HVDC: High Voltage DC line.

CCR: Capacity Calculation Region.

IEA: International Energy Agency.

CWE: Central Western Europe.

MD: Market Design.

CEP: Clean Energy Package.

NECP: National Energy and Climate Plans.

CCGT: Combined Cycle Gas Turbine.
CG: Conventional Generation.

NT: National Trends scenario in the TYNDP 2018 and
following.

CBA: Cost Benefit Analysis.

NEMO: Nominated Electricity Market Operator.

CNE: Critical Network Element.

NDP: See NEP

CNEC: Critical Network Element and Contingency.

NTC: Net Transfer Capacity.

XB: Cross border.
DC: Direct Current.

NEP: German for: “Netzentwicklungsplan”. German Grid
Development Plan.

DLR: Dynamic Line Rating.

PST: Phase-Shifting Transformer.

EV: Electric Vehicle.

PV: Photovoltaic.

EUA: EU Emission Allowances.

PTDF: Power Transmission Distribution Factor.

EC: European Commission.

RD: Redispatch.

ENTSO-E: European Network of Transmission
System Operators for Electricity.

RAM: Remaining Available Margin.
RES: Renewable Energy Source.

FB: Flow-based.
FBMC: Flow-based Market Coupling.

STATCOM: Static Synchronous Compensator.

GSK: Generation Shift Keys.

TYNDP: Ten-Year Network Development Plan.

GIS: Geographic Information System.

TSO: Transmission System Operator.

GHG: Greenhouse Gases.

WEO: World Energy Outlook.
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