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Management summary

The 2022 energy price crisis highlighted the urgent need for a resilient and affordable energy system,
as the EU faces challenges in balancing renewable energy's volatility and growing electrification. Over
the next years, both Transmission System Operators (TSOs) and Distribution System Operators (DSOs)
will require more flexibility from all voltage levels to ensure system stability as well as to improve
security of supply and balancing. In the past, only TSOs were procuring flexibility for balancing the
transmission grid. However, with ongoing decentralization, DSOs are also starting to make use of
different flexibility mechanisms. On the other hand, flexibility assets are more prominent in the low
voltage grids and these assets can be utilized for system-wide services. Distributed flexibility, enabled
by new technologies and consumer participation, will be crucial to meet EU energy policy goals of
security, sustainability, and competitiveness.

As both DSO and TSO require flexibility, coordination of how this flexibility is procured and activated is
of utmost importance for at least four key reasons:

- Cost efficiency: from a system-wide point of view, flexibility should be procured at minimum
cost, while ensuring that there are no unnecessary or harmful flexibility activations. It also
implies that market clearing mechanisms should be as optimized as possible, and market
liquidity should be guaranteed.

- Value stacking: as flexibility, especially in certain locations, is scarce and local flexibility markets
are still immature, it is important to ensure maximization of utilized distributed flexibility by
allowing for the provision of multiple system services through participation in different
markets. This implies ensuring harmonization and coordination between different markets and
products, aligning different market timings, and engaging flexibility service providers (FSPs) in
multiple markets.

- Grid safety: activation of flexibility resources by one system operator should not cause any
harm to the grid of the other system operator. This implies a need to include grid constraints
or their proxy into the market clearing mechanisms, which requires discussions and actions
linked to network data and grid visibility.

- Feasibility: finally, any activity taken up in the electricity system, should be feasible and
applicable in practice. This implies that the entire market process including bid forwarding
should be well designed.

Both in theory and in practice, many different coordination schemes are possible. In a country such as
Belgium, with many different regulations, with four different DSOs, which have different flexibility
needs and different levels of maturity of flexibility markets, three different regions, thus three regional
regulators, and one federal regulator, as well as one TSO at the national level, choosing between and
agreeing on the different coordination schemes is challenging. ALEXANDER therefore sets up a
framework (illustrated in Figure), allowing proper comparison between all the different coordination
schemes that system operators can choose from based on the previously mentioned challenges and
ultimately providing action points and no-regret measures for each coordination scheme.
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The framework set up by ALEXANDER contains 4 key elements:

1.

ALEXANDER simplifies the complex comparison of different coordination schemes by
clustering all coordination schemes into 4 key coordination clusters, which have different
levels of market maturity as well as contextual and regulatory characteristics. The four clusters
are: (i) TSO-only procurement (cluster 1), where the flexibility market is only set up by the TSO;
(ii) TSO-DSO separate procurement (cluster 2), where the DSOs and TSO set up their own
individual markets; (iii) TSO-DSO joint procurement (cluster 3), where the DSOs and TSO jointly
procure flexibility in a co-optimized manner; and (iv) Combination with implicit flexibility
mechanisms (cluster 4), where a market-based mechanism co-exists with implicit mechanisms
such as connection agreements or network tariffs. ALEXANDER sets up the 4 clusters in such a
way that choosing one cluster never blocks later progression towards another cluster. Clusters
1 until 3 can actually be seen as sequential clusters where system operators can move from
cluster 1 (which is the business-as-usual (BAU) cluster in Belgium) toward cluster 2, in which
the DSOs procure flexibility by setting up its own individual flexibility market (e.g., the market
pilots of Fluvius and Ores). Afterward, one can move further towards cluster 3, in which all
system operators procure flexibility jointly, for instance through one common market. The 4t
cluster is a cluster that can run in parallel with the other clusters as it focuses on a combination
of a market-based coordination scheme with non-market-based flexibility acquisition
mechanisms. That is, independent of which coordinated market scheme is chosen, it is
important that it does not conflict with existing tariff mechanisms or other methods such as
connection agreements.

For each cluster, ALEXANDER sets up discussion tables to study the set-up requirements of
each coordination scheme. The set-up requirements are described in terms of implications for
the development of products and services, roles and responsibilities, prequalification and grid
security, procurement and activation, remuneration and settlement, SO grid transparency,
operational guidelines and process mapping, and finally data and governance. These
discussion tables can be used to reach agreements between all system operators on the action
points that are needed to meet the no-regret parameters.

In order to complete the discussion tables, quantified evidence is required to objectively
compare different options. To that end, optimization-based mathematical market-clearing
models of all different coordinated market schemes (a market simulator) are developed. This
simulator captures the market clearing process, taking into account the flexibility
requirements by system operators that request some flexibility provision, their grid status, and
available flexibility resources in the grid. Then, the performance of these models, in terms of
total procurement cost, complexity of market clearing, grid safety of the distribution system,
and market liquidity are evaluated. On top of this, it is also important to qualitatively compare
different coordination schemes by examining their feasibility. The feasibility is described in
terms of the ease of implementation, the compatibility with existing DSO processes, and the
feasibility in terms of timing and regulatory compatibility. It is concluded with a discussion on
when this model is needed and how one should move forward to achieve it.

Finally, we provide our evaluation on which elements should be prioritized in terms of
discussions and/or action points using colour codes. To facilitate the discussion, ALEXANDER
defines no-regret key parameters that minimally need to be satisfied before the coordination
scheme can work properly (however, depending on local circumstances, DSOs are free to
define other/additional no-regret key parameters). Whenever the key parameters in a prior
coordination scheme are met, one can move forward to the next coordination scheme. From
ALEXANDER perspective, the following no-regret action points were defined:

o In cluster 1, the DSO has limited grid visibility insights. It is of utmost importance to
increase grid transparency as this will help properly prequalify assets (for any purpose)
and as it ensures proper identification of flexibility needs (which is required in other
coordination schemes). Furthermore, setting up proper prequalification tools is essential
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when the TSO starts procuring distribution-level resources. Finally, it is necessary to
ensure proper data governance to allow for data and information sharing between
system operators. For instance, prequalification data need to be shared, ideally through
a flexibility register. But also, with the rollout of smart meters, proper data infrastructure
is indispensable to benefit from the data.

o In cluster 2, assuming that the previous no-regret parameters are in place, a DSO may
procure flexibility, e.g., for congestion management. This inevitably implies that there
will be multiple markets (DSO-market(s), TSO-market, wholesale markets). It is therefore
important to align key processes (such as prequalification and market timing) and
harmonized products while ensuring the market designs do not become too complex for
FSPs. Finally, it is also important to ensure market liquidity and consumer engagement
so that all parties, including customers and FSPs, can adapt their processes and move
toward the same objectives of achieving efficient network operations.

o Cluster 3 is the most complex and demanding as it requires full alignment of processes
and products. This cluster should not necessarily be the end goal as a trade-off is needed
between the costs of setting up this scheme and the benefits this scheme achieves. To
properly make this trade-off, 2 key no-regret actions should be accounted for: First of
all, scenario and grid-specific analyses per grid area and/or DSO are needed to
understand their costs and benefits, as no one-size-fits-all answer can be given.
Secondly, the ALEXANDER project demonstrates a variation of the common market
scheme that is less complex, in terms of data management, to implement yet achieves
almost the same benefits for the system operator. It is therefore important to emphasize
that in cluster 3, there are variations that allow for co-optimization, which results in the
most efficient flexibility provision without having a common market model. Given the
fact that some system operators see the common market scheme as too ‘futuristic’ and
‘unrealistic’ to implement, it is important to further examine the alternatives to the
common market.

o Cluster 4 is a cluster that should be accounted for with all the previous clusters. System
operators can make use of both implicit and explicit flexibility mechanisms and it is
important to ensure that the objectives of these mechanisms are not conflicting. To be
able to do so, it is highly recommended to further examine the flexibility potential of all
the different flexibility mechanisms, both jointly and individually. These benefits should
then be traded off with the implementation costs of those (combined) flexibility
mechanisms. Therefore, transparency is needed regarding the complementarity of
different flexibility mechanisms. As in cluster 3, it is unlikely that a one-size-fits-all
solution applies, requiring tailored studies per grid area.

The ALEXANDER project contributes to the ongoing discussions on Belgian TSO-DSO coordination.
However, it is important to note that completing the framework requires further dialogue between
system operators, along with specific quantitative analyses based on Belgian grid data and future
scenarios. These steps are essential to fully tailor the framework to Belgium's unique context.
Furthermore, when both the DSOs and TSO implement flexibility mechanisms, regardless of which
cluster their coordination scheme belongs to, it is highly important to have a common vision, which
aligns the flexibility provision of TSO and DSOs, e.g., it should have a view of whether different
flexibility needs of multiple system operators coincide and a process that deals with this possible
conflict.
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1 Introduction

1.1 Context

“The latest energy price crisis in 2022 has dramatically shown that one cannot take neither security of
supply nor affordability for granted. Over the next 20 years, the EU’s energy market must transform
fundamentally, and the internal market needs to continue to adapt to be 'fit for purpose’, to continue
to drive the three overarching energy policy objectives which are security of supply, sustainability, and
competitiveness” (Borchardt, 2024). Indeed, the EU energy markets need to adapt to increasing levels
of distributed renewable energy generation, which is by nature more unpredictable and volatile, and
connected to lower voltage levels at the distribution grid. The EU wants to become less dependent on
fossil fuels which implies an electrification of our energy consumption (electric mobility and heating).
This electrification increases electricity consumption while, at the same time, renewable energy can
be highly volatile, leading to energy security challenges. As a result, more than ever, flexibility is one
of the key elements to ensure the success of this system transformation.

Flexibility is not a new topic as the energy system needs to be balanced every second of the day, day
in and day out. However, the nature of flexibility is changing, requiring different provision approaches
from existing ones. Firstly, from a flexibility demand side of view, in the past, flexibility was only
requested by the transmission system operator (TSO). However, with increasing electrification at lower
voltage levels (e.g., heat pumps and electric vehicles) and with increasing levels of decentralized energy
at lower voltage levels (e.g., photovoltaic energy), changing consumption and generation patterns are
taking place at distribution grids. This leads to increasing congestion levels and voltage issues, requiring
the distribution system operator (DSO) as well to acquire flexibility. As a result, next to the traditional
TSO, the DSOs are also in need of flexibility. Secondly, in the past, flexibility was only offered by
resources connected at the transmission level. However, today, more and more flexibility is available
at the distribution grid level due to the connection of new technologies such as batteries, electric
vehicles, and heat pumps, but also due to the uptake of smart meters and digitalization in general. In
addition, the Clean Energy Package (CEP) is also pushing for more consumer engagement and
participation in different energy markets (for instance through concepts such as active consumers and
energy communities in the Renewable Energy Directive Il and Electricity Market Directive (EMD)).
Finally, since distribution and transmission grids are physically connected, distribution-level flexibility
resources have the potential not only to fulfil the flexibility needs of their distribution grid but also to
provide system-wide services at the transmission level.

1.2 TSO-DSO coordination objectives and challenges

The above development on the flexibility requirements, resources, and procurements implies that
coordination among system operators becomes even more crucial than before. As the ultimate goal is
to achieve efficient and effective operation, flexibility mechanisms of all system operators must be
aligned and must not conflict with each other. Figure 1-1 shows the necessary ingredients in setting
up a flexibility provision mechanism, including consumer engagement, products and services, roles,
regulation, procurement process, and data management. Ideally, given the current context, each of
these ingredients must be coordinated among the system operators. Furthermore, (the draft of) the
Network Code on Demand Response (NCDR), as listed in Table 1-1, explicitly states cooperation and
coordination required by the DSOs and TSOs to solve any issues on the operation of transmission and
distribution grids.
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Figure 1-1: Flexibility ingredients to be considered.
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Table 1-1: Requirement for coordination among system operators in the draft
NCDR

Article/chapter Content citations draft NCDR

Article 43 Coordination and interoperability between local, day ahead (DA), intraday,
and balancing markets.

Article 54 1. No later than [6 months] after the approval of the national rules of
procedure of a Member State pursuant to Article 4, all system operators of a
Member State shall develop a proposal for national terms and conditions for
TSO-DSO and DSO-DSO coordination.

2b Actions to solve balancing, congestion or voltage issues:

(i) shall not create or aggravate congestion or voltage issues on other
systems or regenerate problems that have been solved by actions taken by
operators of those systems or endanger system security;

Article 57 2. To contribute to solving congestion or voltage issues on other grids, each
system operator shall:

(a) cooperate with system operators of those grids and consider grid-
reconfiguration on its grid; and

(b) cooperate with procuring system operators to facilitate and enable
the delivery of local services by service providing groups or service providing
units connected to its grid;

Article 59 Data exchange between system operators shall ensure:

(a) that each system operator has access to data related to other system
operators’ systems, that are necessary to determine the condition of its own
system, to forecast and detect congestion and voltage issues and to identify
solutions;

(b) the coordinated access of all system operators to all available
resources to provide local and, where relevant, balancing services, and the
optimal selection and activation of selected resources
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Four key objectives of having proper coordination among system operators can be summarized in
Table 1-2. Coordination is established to ensure that flexibility is procured in a cost-efficient manner,
the potential and values of flexibility resources can be maximally utilized (value stacking), while at the
same time, grid safety of the entire grid is guaranteed. Finally, the coordination process that is set up
must be practical/applicable, i.e., it is coherent with regulation and its complexity is manageable. For
each of these key objectives, there exist challenges that must be overcome (Sanjab, et al., 2023), and
again they are related to the ingredients of the flexibility mechanism design.

Table 1-2: Objectives and relevant challenges of TSO-DSO coordination for flexibility provision

Key objective Definition Linked challenges

Cost efficiency Minimum cost of procuring flexibility - Market liquidity

- Optimization mechanisms for
market clearing

- Baselining
- Settlement
Value stacking Utilization of distributed flexibility is - Harmonization and coordination
maximized by allowing  for between different markets
the provision of multiple system - Market timing
services through participation in - Flexibility service provider (FSP)
different markets engagement

- Implicit flexibility mechanisms
- Product requirements
- Double activation

Grid safety Activation of flexibility resources | TSO needs to account for DSO grid
does not cause any harm in | constraints:
distribution and transmission - Transparency
systems - Prequalification (method,
criteria)

- Counterbalancing action

- Network data acquisition

Feasibility A coordination scheme can be - Platform development and

implemented in practice implementation

- Complexity of coordination

- Coherency with existing
regulation

1.3 Scope

This deliverable provides a study on TSO-DSO coordination for procurement and activation of
distributed flexibility resources. It focuses on the operational process and market organisation, such
that distributed flexibility can be efficiently procured and utilized across different system operators
while ensuring the safe operation of the grid. In this deliverable, extensive qualitative and quantitative
comparisons of different TSO-DSO coordinated market schemes, addressing all the coordination
objectives, are provided while the analyses also put some emphasis on the Belgian context. The
interplay between these market schemes with non-market flexibility mechanism is also briefly
discussed.
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1.4 Document organization

This report is organized as follows. Chapter 2 explains flexibility acquisition mechanisms in general as
well as existing ones in Belgium. Chapter 3 focuses on coordinated flexibility procurement between
DSOs and the TSO and discusses all the possible coordination options, emphasizing primarily the
coordinated market designs. Then, Chapter 4 provides quantitative analyses of TSO-DSO coordinated
flexibility markets while Chapter 5 discusses some quantitative analyses of non-firm connection
agreement, which is an example of non-market-based flexibility provision mechanism, that can be put
in place together with market-based mechanisms. Afterward, Chapter 6 evaluates qualitatively these
coordination schemes and assesses their practicality in the Belgian context. Finally, some concluding
remarks are provided in Chapter 7.
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2 Flexibility acquisition mechanisms

To kick off the deliverable, this chapter gives a background on the procurement of flexibility for
distribution system operators (DSOs).

2.1 Basic flexibility acquisition mechanisms

More flexibility from different grid levels is needed and offered by multiple stakeholders. Flexibility
can be acquired through different flexibility mechanisms, ranging from implicit (rule base solutions and
connection agreements, tariff-based solutions) to explicit flexibility (market-based solutions), see
Figure 2-1.

ﬁ Technical solutions including network

reconfiguration

Rule based solutions and connection
2 agreements (direct control)

Figure 2-1: Flexibility acquisition mechanisms.

Traditionally, system operators mostly rely on technical solutions (including network reconfiguration
and grid reinforcements). However, the phase out of fossil fuels goes hand in hand with more
electrification and renewable energy, leading to significant challenges for our electricity grids. Europe
recognizes this challenge by putting in place a grid action plan (European Commission, 2023). This
action plan emphasises that grid investments alone are not sufficient, and that flexibility acquisition is
indispensable. The European Commission therefore enforces the usage of new sources of flexibility by
asking all Member States to ensure a “competitive, consumer-centred, flexible and non-discriminatory
electricity market” is set-up (Electricity Market Directive (EMD) Art. 3) (THE EUROPEAN PARLIAMENT
AND THE COUNCIL OF THE EUROPEAN UNION, 2019). In the Clean Energy Package (European
Commission, 2019), the European Commission aims to empower consumers and other distribution-
grid connected resources by facilitating the implementation of Demand Response mechanisms and
their participation in electricity markets. Table 2-1 gives a non-exhaustive overview of the most
important EU-regulation articles.

Table 2-1: EU regulation related to flexibility acquisition mechanisms.
Recitals 61 Distribution system operators have to cost-efficiently integrate new electricity
DIRECTIVE generation, especially installations generating electricity from renewable sources,
(EU) 2019/944 | and new loads such as loads that result from heat pumps and electric vehicles. For
that purpose, distribution system operators should be enabled, and provided with
incentives, to use services from distributed energy resources (DERs) such as
demand response and energy storage, based on market procedures, in order to
efficiently operate their networks and to avoid costly network expansions.
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Member States should put in place appropriate measures such as national network
codes and market rules and should provide incentives to distribution system
operators through network tariffs which do not create obstacles to flexibility or to
the improvement of energy efficiency in the grid.

Art. 17 (1-2) 1. Member States shall allow and foster participation of demand response
DIRECTIVE through aggregation. Member States shall allow final customers, including those
(EU) 2019/944 | offering demand response through aggregation, to participate alongside
producers in a non-discriminatory manner in all electricity markets.

2. Member States shall ensure that transmission system operators and
distribution system operators, when procuring ancillary services, treat market
participants engaged in the aggregation of demand response in a non-
discriminatory manner alongside producers on the basis of their technical

capabilities.
Art 31 (2-5-6- | 2. In any event, the distribution system operator shall not discriminate between
7) system users or classes of system users, particularly in favour of its related
DIRECTIVE undertakings.

(EU) 2019/944
5. Each distribution system operator shall act as a neutral market facilitator in
procuring the energy it uses to cover energy losses in its system in accordance with
transparent, non-discriminatory and market-based procedures, where it has such
a function.

6. Where a distribution system operator is responsible for the procurement of
products and services necessary for the efficient, reliable and secure operation of
the distribution system, rules adopted by the distribution system operator for that
purpose shall be objective, transparent and non-discriminatory, and shall be
developed in coordination with transmission system operators and other relevant
market participants. The terms and conditions, including rules and tariffs, where
applicable, for the provision of such products and services to distribution system
operators shall be established in accordance with Article 59(7) in a non-
discriminatory and cost-reflective way and shall be published.

7. In performing the tasks referred to in paragraph 6, the distribution system
operator shall procure the non-frequency ancillary services needed for its system
in accordance with transparent, non-discriminatory and market-based
procedures, unless the regulatory authority has assessed that the market-based
provision of non-frequency ancillary services is economically not efficient and has
granted a derogation. The obligation to procure non-frequency ancillary services
does not apply to fully integrated network components.

Art32 (1) Member States shall provide the necessary regulatory framework to allow and
DIRECTIVE provide incentives to distribution system operators to procure flexibility services,
(EU) 2019/944 | including congestion management in their areas, in order to improve efficiencies
in the operation and development of the distribution system. In particular, the
regulatory framework shall ensure that distribution system operators are able to
procure such services from providers of distributed generation, demand response
or energy storage and shall promote the uptake of energy efficiency measures,
where such services cost-effectively alleviate the need to upgrade or replace
electricity capacity and support the efficient and secure operation of the
distribution system. Distribution system operators shall procure such services in
accordance with transparent, non-discriminatory and market-based procedures
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unless the regulatory authorities have established that the procurement of such
services is not economically efficient or that such procurement would lead to
severe market distortions or to higher congestion.

Art 40 (4-5)
DIRECTIVE
(EU) 2019/944

4. In performing the task referred to in point (i) of paragraph 1, transmission
system operators shall procure balancing services subject to the following:

(a) transparent, non-discriminatory and market-based procedures;

(b) the participation of all qualified electricity undertakings and market
participants, including market participants offering energy from
renewable sources, market participants engaged in demand response,
operators of energy storage facilities and market participants engaged in
aggregation.

For the purpose of point (b) of the first subparagraph, regulatory authorities and
transmission system operators shall, in close cooperation with all market
participants, establish technical requirements for participation in those markets,
on the basis of the technical characteristics of those markets.

5. Paragraph 4 shall apply to the provision of non-frequency ancillary services by
transmission system operators, unless the regulatory authority has assessed that
the market-based provision of non-frequency ancillary services is economically not
efficient and has granted a derogation. In particular, the regulatory framework
shall ensure that transmission system operators are able to procure such services
from providers of demand response or energy storage and shall promote the
uptake of energy efficiency measures, where such services cost-effectively
alleviate the need to upgrade or replace electricity capacity and support the
efficient and secure operation of the transmission system.

Art. 1 (b)
REGULATION
(EU) 2019/943

This Regulation aims to:

set fundamental principles for well-functioning, integrated electricity
markets, which allow all resource providers and electricity customers non-
discriminatory market access, empower consumers, ensure competitiveness on
the global market as well as demand response, energy storage and energy
efficiency, and facilitate aggregation of distributed demand and supply, and enable
market and sectoral integration and market-based remuneration of electricity
generated from renewable sources;

Art. 6 (1)
REGULATION
(EU) 2019/943

1. Balancing markets, including prequalification processes, shall be organised in
such a way as to:

(a) ensure effective non-discrimination between market participants taking
account of the different technical needs of the electricity system and the different
technical capabilities of generation sources, energy storage and demand response;

(b) ensure that services are defined in a transparent and technologically
neutral manner and are procured in a transparent, market-based manner;
(c) ensure non-discriminatory access to all market participants, individually or

through aggregation, including for electricity generated from variable renewable
energy sources, demand response and energy storage;

(d) respect the need to accommodate the increasing share of variable
generation, increased demand responsiveness and the advent of new
technologies.

Art. 16 (1)
REGULATION
(EU) 2019/943

Network congestion problems shall be addressed with non-discriminatory market-
based solutions which give efficient economic signals to the market participants
and transmission system operators involved. Network congestion problems shall
be solved by means of non-transaction-based methods, namely methods that do
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not involve a selection between the contracts of individual market participants.
When taking operational measures to ensure that its transmission system remains
in the normal state, the transmission system operator shall take into account the
effect of those measures on neighbouring control areas and coordinate such
measures with other affected transmission system operators as provided for in
Regulation (EU) 2015/1222.

Art. 34 (2) Transmission system operators shall promote operational arrangements in order
REGULATION to ensure the optimum management of the network and shall promote the
(EU) 2019/943 | development of energy exchanges, the coordinated allocation of cross-border
capacity through non-discriminatory market-based solutions, paying due attention
to the specific merits of implicit auctions for short-term allocations, and the
integration of balancing and reserve power mechanisms.

In response to the flexibility need challenges, and in response to EU regulation, system operators are
now looking into non-technical solutions to gain access to flexibility. However, with some exceptions,
the attention of system operators is mostly turned towards rule-based solutions and connection
agreements, and tariff-based solutions. Only some system operators are already examining the option
of market-based flexibility through local flexibility markets. This is, among others, due to the low
maturity of these markets, but also because some EU regulation is still to be translated to national
legislation. Furthermore, market-based solutions are only required when they are the most cost-
efficient solution, which given the current immaturity of the market and the lack of market liquidity, is
potentially not the case.

Given the low maturity of local flexibility markets, the ALEXANDER project focusses on solutions to
unlock flexibility from lower voltage levels to its full potential. In D3.2, we zoomed in on the case where
flexibility from distribution level resources is used to offer services to the TSO. In this deliverable, D3.3,
we broaden the scope by also allowing the DSO to procure flexibility for its own grid needs. As a result,
in D3.3, we consider the procurement of flexibility by both the DSO and the TSO. Flexibility
procurement by the TSO alone has been discussed in D3.2. In what follows we discuss the current
status of flexibility procurement by the DSO in Belgium.

2.2 Belgian TSO flexibility procurement mechanisms

As previously discussed in Alexander D3.2, historically, flexibility services were provided by
transmission grid-connected resources, especially industrial demand response. However, growing
challenges like aging infrastructure, distributed generation, and increased energy loads are pushing
TSOs to diversify flexibility resources and include LV-connected assets. In Belgium, the TSO, Elia,
manages four key flexibility products: Frequency Containment Reserve (FCR), Automatic Frequency
Restoration Reserve (aFRR), Manual Frequency Restoration Reserve (mFRR), and the Capacity
Remuneration Mechanism (CRM). While FCR, aFRR, and mFRR ensure frequency balance, CRM
addresses capacity shortages caused by reduced nuclear generation.

Elia has been adapting regulatory and operational processes to allow distribution grid resources to
participate in these transmission ancillary services. Furthermore, when FSPs at the distribution level
wish to participate, additional processes for interaction between the DSO and FSP must be followed,
as mandated by regulations. To address this, Synergrid, the federation of electricity and gas system
operators in Belgium, introduced the “Synergrid Roadmap Flexibility” in January 2023, developed
through working groups and public consultations, and presented it to Belgian energy regulators at the
FORBEG forum. A public consultation followed in April 2023, and on June 30, 2023, Synergrid released
three key documents for regulator review:
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1. Market Guide (MG FLEX) (Synergrid, 2023): This document standardizes the procedures of
Belgian DSOs for all flexibility products, noting regional regulatory differences where relevant.

2. Model Contract (VREG, 2024): Establishes a standard agreement framework between DSOs
and FSPs.

3. Technical Regulations (C8/01) (Synergrid, 2021): Outlines the qualification process for
customer installations, including the Network Flexibility Study required for grid participation.

Synergrid submitted these documents on behalf of regional DSOs—Fluvius (Flanders), SIBELGA
(Brussels), and ORES and RESA (Wallonia)—to the respective regional regulators. For more details, we
refer to ALEXANDER D3.2 (Marques, et al., 2024).

2.3 Belgian DSO flexibility procurement

In D3.2 (Marques, et al., 2024), we explored the operation of TSO Flexibility Markets in Belgium. This
chapter shifts focus to DSO Flexibility Markets, delving into the existing regulatory framework and
ongoing discussions about its implementation.

2.3.1 Flanders

DSO flexibility mechanisms

Next to technical solutions, Fluvius, the DSO in this region, makes use of connection agreements and
tariffs.

- Connection agreements: In the past, all Belgian regions made provisions to allow for
alternative or flexible connection agreements, referred to as ‘Aansluiting met Flexibele
Toegang (AmFT)’" in Flanders (Energy Decree Flanders, Article 4.1.18 and Technical regulations
‘plaatselijk vervoersnet’ Article 111.2.4.5) , ‘Accordement avec Acces Flexible’ in Wallonia
(Energy Decree Wallonia, Article 25 and 26) and ‘Flexibel toegangscontract’ in Brussels Capital
Region (The technical regulations for regional electricity transmission networks in the Brussels
Capital Region, Article 79 and Article 190). The variations in flexible connection agreements,
as outlined in regional regulations, stemmed from differing modalities. However, in 2022, in
the Technical Regulations for the Distribution of Electricity (TRDE) in Flanders, the regulation
regarding AmFT is removed as it is not in line with the European framework (VREG, 2022). The
reason for this can be found in Art. 32 of the fourth European electricity regulation, stating
that the DSO needs to make a trade-off between the procurement of flexibility services and
grid investments. In the old AmFT, this trade-off did not take place sufficiently. Furthermore,
the old AmFT is only applicable for production installations while redispatching needs to be
open for all production technologies energy storage facilities and demand response. Finally,
there is no remuneration in the original AmFT. By the end of 2024, the Flemish Government
should have implemented the most recent EMD (EUROPEAN PARLIAMENT AND COUNCIL,
2024) implying that by the end of 2025 the TRDE will be adapted. This will make room for a
new scheme.

- Grid tariffs: Tariffs are set by the Flemish Regulator (VREG) and consists of a capacity tariff
which is implemented since 2023. The tariff triggers an implicit response of distribution grid
users to avoid local consumption peaks (VREG, 2022). In meantime, the DSO also performed a
study on applying a ToU incentive on the capacity tariffs, however, there is no concrete draft
on capacity based ToU tariffs yet (Fluvius, 2024).

Regulatory framework for local flexibility markets
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Flanders transposed the EU-regulations, the Clean Energy Package (European Commission, 2019).
Chapter V/1 contains all the provision related to flexibility and aggregation. This implies that, according
to the Energy Decree (Vlaamse Codex, 2009), the DSO is expected to procure flexibility for local
congestion primarily through a market-based approach (Art. 4.1.17/4 and 4.1.17/6). Only in
exceptional circumstances (procurement of flexibility is not economically efficient, can lead to market
distortions or can lead to more local congestion) it is allowed to make use of technical flexibility and/or
by obliging grid users to participate. All details related to the procurement of flexibility services by the
DSO are specified in subchapter Il of chapter V/1. However, it is to be pointed out that the regulation
in this subchapter is only in place until 31/12/2024.

In its technical regulations (TRDE) (VREG, 2023), the VREG mandates that DSOs define the rules for
procuring market-based flexibility services (Articles 2.3.22-2.3.23). DSOs must outline the technical
requirements, procurement process (e.g., tender or auction), remuneration, penalties, control
mechanisms, and deviations from standard settlement or metering processes. Additionally, DSOs must
determine how local flexibility services for congestion management or redispatching interact with
other flexibility or supporting services (VREG, 2023, p. Art. 2.3.22 §2). The TRDE also requires a formal
agreement between DSOs and FSPs, specifying key aspects to be addressed in the contract (VREG,
2023, p. Art. 2.3.21).

As specified in the Energy Decree (Vlaamse Codex, 2009, p. Art. 4.1.17/4), the DSO needs to set up a
transparent and participative consultation to discuss with the TSO and all relevant market parties how
the specifications should look like. The rules regarding how the consultation should take place are
specified as well in the TRDE (VREG, 2023, pp. Art. 1.2.4, §5 and §7).

Implementation of regulatory framework for local flexibility markets: Fluvius pilot

According to the regulation, it is up to Fluvius (the Flemish DSO) to set up consultations to define the
specific rules on flexibility procurement for local congestion management and the procurement of non-
frequency related services for the DSO. In May 2022, Fluvius has set up consultations to define these
rules (Fluvius, 2023). However, as the Flemish local flexibility market (LFM) field is at its infancy, both
from the perspective of the FSP and from the perspective of the DSO, Fluvius has decided to start
testing with LFMs. As such, they aim to learn by doing, adjusting their market specifications on the
way.

Fluvius has started real LFM markets in Flanders for both reactive and active power (Fluvius, 2024).
Participants will receive a remuneration for their delivered flexibility. Participants do need to have
controllable assets, need to be located in a specific geographical area and they need to be registered
as a DSO FSP. For the active power product, Fluvius defined three products: MaxUsage, ShortFlex and
LongFlex. Fluvius requested NODES to manage the Flemish market platform (Fluvius, 2024).

2.3.2 Brussels Capital Region

DSO flexibility mechanisms

In its smart grid roadmap, Sibelga, the DSO in this region, touches upon all solutions available to
manage its grid. The different options are illustrated in the pyramid in Figure 2-2. The first level is
composed by the traditional grid dimensioning activities of the DSO. The second level includes all sorts
of dynamic grid management, implying that management from a distance is possible so that less
manual interventions are required. The third layer entails implicit flexibility, including tariffs or other
incentives such as traffic lights that can encourage consumers to adapt a certain behaviour. With this
mechanism, the DSO first puts in place adapted grid tariffs, to which traffic lights are added to provide
additional incentives in case there are additional grid issues. In case the previous measures are not
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sufficient, the DSO can rely on local explicit flexibility which implies that the DSO makes use of specific
connection agreements or a local flexibility market. Finally, in case all previous activities fail to offer all
the required flexibility, the DSO can make use of regulatory constraint mechanisms such as curtailment
to force the grid user to limit its consumption or injection. Right now, it is too early to decide which
actions will receive priority, but the order in which they are presented in the pyramid is a good
indication for the short run.

Flexibility

Explicit
Flexibility

Implicit
Flexibility

Dynamic grid
management

Grid dimensioning

Figure 2-2: Pyramid of actions on the Sibelga Smart Grid. Source: (Sibelga,
2024).

- Connection agreements: A ‘Flexibel toegangscontract’ is allowed in Brussels Capital Region
(Brugel, 2024). More specifically, it is specified that the DSO is allowed to set up specific
connection rules depending on the local conditions on the grid. Both for assets that can control
consumption and/or production of electricity are allowed to have flexible connection
agreement. Such agreement is set up based on a template of BRUGEL, set up by Synergrid or
the DSO (Brugel, 2024).

- Rule-Based approach: In Brussels, the DSO is allowed to limit the charging/discharging
capacity of EVs (Art 2.30) (Sibelga, 2024). By January 2025 the latest, the minimum guaranteed
charging capacity needs to be defined. This needs to be approved by BRUGEL. In addition,
every 6 months, the DSO needs to share a list of access points that have been receiving limited
capacity. Furthermore, by January 2026, the DSO needs to define all the technical criteria for
limiting flexibility services (charging and discharging of EVs) (Art 2.31) (Sibelga, 2024).

- Grid tariffs: In Brussels, the distribution tariff is partly based on the technical capacity provided
(kVA). Two tariff bands are foreseen, one tariff/kVA for grid connections below 13 kVA and
one for grid connections above 13 kVA. The Brussels regulator foresees a progressive evolution
of the share of the capacity tariff in the total grid fees. Between 2025 and 2027, the
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percentages of the capacity component in the tariff are situated between 20-30%, which will
increase up to 40% from 10/01/2028 onwards. The regulation foresees a more granular
implementation of tariff blocks in future updates of the tariff methodology (Brugel, 2024).
Today, for the volumetric part, only a distinction is made between peak (from 7-22h) and off-
peak (from 22-7h and in weekends) periods. The purpose of defining the tariff in steps is to
encourage the grid user to subscribe to the optimal power for his needs. Reductions in network
tariffs are temporarily provided to energy communities as there is a believe that these can
reduce the impact on the grid (Brugel, 2024). Sibelga, in its smart grid roadmap (Sibelga, 2024),
also calls for attention for the simultaneity challenge that tariffs can bring along if they steer
consumer behaviour at the same time in the same direction.

- Traffic light: Today, like other Belgian DSOs, Sibelga executes static NFSs (originally developed
to offer LV-flexibility to the HV-grid). Sibelga is working towards a system where the traffic
lights are determined in a more dynamic way, probably on a daily basis, without causing grid
safety issues (Sibelga, 2024).

- Limited flexibility: In case of last resort, the DSO can intervene directly at the connection point
of the client to avoid local congestions and to ensure safety and reliability of the grid. These
actions can take place in all directions (both injection and consumption) (Sibelga, 2024). This
is stipulated in the technical electricity regulation in art. 2.30 under §1 (Sibelga, 2023), which
says that, under specific conditions:

[1] the charging of an EV can be limited from its grid connection point;

[2] the capacity to discharge an EV when he injects in the grid can be limited.
Nevertheless, unless there are exceptional circumstances, the DSO does need to guarantee a
minimal charging capacity which will be determine as of the 1% of January 2025 in a non-
discriminatory way for a grid users. This minimum capacity needs to be approved by Brugel.
By the 1°* of January 2026, the DSO also needs to communicate the technical criteria for the
limitation of flexibility services, linked to the charging and discharging of electric vehicles
(Sibelga, 2023, p. Art 2.31).

Regulatory framework for local flexibility market

European Regulation 2019/944 (THE EUROPEAN PARLIAMENT AND THE COUNCIL OF THE EUROPEAN
UNION, 2019) art 32 has been transposed in the Brussels Ordonnance of the 19th of July 2001 linked
to the organisation of the Brussels Capital Region. The Ordonnance states in Art. 7 9° (Service Public
Fédéral Justice, 2001) that the DSOs have a task to procure non-frequency related ancillary products
and services that are necessary for the efficient, reliable, and safe operation of the distribution
network, following transparent and non-discriminatory conditions and through a market-based
approach, unless Brugel has determined that the purchase of these services cannot be carried out in a
cost-effective manner. Art. 26bis (Service Public Fédéral Justice, 2001) indicates that any end customer
has the right to offer flexibility services in a non-discriminatory manner in the electricity market.

Art. 7 is incorporated into the Brussels Technical Regulation for electricity grid management (Sibelga,
2023). Section 3.3, Art. 2.28 requires the DSO to establish specifications for the procurement of
flexibility services via a market, with a transparent, participatory stakeholder consultation before
January 1, 2026. Art. 2.29 mandates that if the DSO finds flexibility service procurement for local
congestion management unfeasible or potentially market-distorting, it must prove this by January 1,
2025. If justified, Brugel may grant a 3-year derogation, renewable under the same conditions.

Implementation regulatory framework for local flexibility market

In the short run, Sibelga states in its smart grid roadmap (Sibelga, 2024) that it has concerns linked to
commercial flexibility (e.g. local flexibility markets). A key concern raised by Sibelga is that in the
Brussels Capital Region, it is likely that most of the congestion is cause by the charging of EVs. This is a
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challenge for the remuneration of the FSPs as these EV owners are the same actors that could resolve
the congestion. This would lead to market distortions in the sense that the user of the distribution grid
could cause congestion to being able to offer flexibility while being remunerated for it. This could lead
to higher prices for commercial flexibility. A study by Deplasse (Deplasse & Associés, 2021) has also
recommended not to provide compensations to FSPs in case they are also the actors responsible of
causing the congestions.

In the short run, Sibelga is therefore not yet planning to opt for the implementation of a local flexibility
market or commercial flexibility in general.

2.3.3 Walloon Region

DSO flexibility mechanisms

Next to technical solutions, Ores and RESA, which are the DSOs in this region, make use of connection
agreements and tariffs.

- Connection agreements: All Belgian regions have made provisions to allow for alternative or
flexible connection agreements, referred to as ‘Accordement avec Acces Flexible’ in Wallonia
(Energy Decree Wallonia, Article 25 and 26 (The Walloon Parliament, 2022)). The decree of the
Walloon Government defines a system for financial implementation. Some key provisions are
the following: any new unit of more than 250 kW, or under certain conditions any capacity
extension, must be flexible, i.e. it must be able to be modulated by the network manager to
meet the operational security needs of the network in the event of congestion, provided that
it is capable of injecting (see situation with non-return); any connection request which cannot
be fully satisfied by the existing network or its planned developments is subject to a cost-
benefit analysis with a view to assessing the relevance of making investments in the network;
the producer candidate is allocated permanent and/or flexible capacity; the modulation of a
permanent capacity opens the right, under certain conditions, to financial compensation for
the loss of revenue linked to the modulation constraint imposed by the network manager. The
unproduced volumes are estimated on the basis of the C8-04 prescription approved by the
CWaPE (CWaPE, n.d.). In its articles 25decies, §3 and 26, §§2bis and 2 quingies, the decree
provides that the government is responsible for defining, on the proposal of the CWaPE
(CWaPE, 2023) in consultation with the network managers and the stakeholders concerned,
the methods of implementing the new connection regime with flexible access for production
and storage units. Currently, Ores is launching a product on non-fixed connection agreements
for new connections at medium voltage (MV). Regulation does not explicitly allow nor forbid
this, so the DSO is still discussing with the regulator.

Note that according to the technical regulation (CWaPE, 2021), Art IV 41 states that the DSO has the
right to set up contracts that allow in the limitation of load and/or injection to resolve congestion
problems. The DSO needs to make a list of all these contracts and report it to the CWaPE.

- Grid tariffs: Walloon region will from 2026 onwards apply ToU tariffs with different colors
(green, orange, red) where the price could be 5 times higher during peak moments. Currently,
this is still a draft guideline (CWaPE, 2024). The regulators decision of the new methodology
can be consulted here (CWaPE, 2023). While the tariff is a good starting point, it is to be noted
that it is voluntary, implying that consumers can also still opt for the regular tariff. In addition,
there is still compensation for PV, and consumers still receive a yearly invoice (which weakens
the incentive message).

- Flexible connection agreements and curtailment: every generator above 150 kVA can be
curtailed up to 5% of the yearly generation without being compensated. Originally, the
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regulation in place focused on power, but it is going to change into energy. Ores is now looking
into setting up a secondary market for the curtailed amount, ensuring that if the DSO wants to
curtail, the generator can find another actor to consume the energy.

Regulatory framework Local Flexibility Markets

As specified in the Walloon electricity market regulation (Service Public Fédéral Justice, 2001), art. 11
states obligations of the distribution grid operator. This includes the adoption of objective,
transparent, and non-discriminatory rules, based on the market. Network operators define, in
consultation with the concerned network users and after approval of the CWaPE, the specifications for
the flexibility services acquired and, where applicable, the standard products relating to these services
in order to guarantee non-discriminatory access and the effective participation of all market players.
The market procurement obligation does not apply where the CWaPE has assessed it as not
economically efficient or where such procurement is likely to lead to serious market distortions or
greater congestion.

Implementation regulatory framework

Ores is looking into setting up a local flexibility market for the MV-level. In the short run, they are
planning to launch a procurement process for a market platform. The goal is to have a platform ready
by the time that the uncompensated curtailment up to 5% of the generation is not sufficient anymore
for the DSO.

2.3.4 TSO-DSO coordination for LV-flexibility market design in Belgium

This section pays attention to explicit flexibility mechanisms for distribution networks in Belgium,
evaluating similarities and differences between the regions.

Today, as discussed in the Alexander report D3.2 (Marques, et al., 2024), everywhere in Belgium, an
NFS is needed in case the TSO wants access to DSO-connected flexibility resources. On the other hand,
DSOs in Belgium are not yet procuring flexibility through local flexibility markets. Only Fluvius is in a
pilot phase, testing local flexibility market with both active and reactive products. Nevertheless, as
presented in Section 2.3, DSOs are working out different flexibility acquisition mechanisms. While
doing so, there is a lot of interaction between all system operators, organized through, for instance,
Synergrid Workshops or bilateral meetings.

Despite this, TSO-DSO coordination remains an evolving area in the short term. For example, Fluvius's
local flexibility market design document leaves room for clarification regarding the integration of
flexibility services for local congestion management or redispatching with other flexibility or ancillary
services. The document mentions that DSO services can be combined with others unless their
activation creates conflicts. It assumes that the participation of these products will not exacerbate
congestion issues. To strengthen the framework, VREG has recommended further specification on
combining and prioritizing different flexibility services. This includes developing a transparent
evaluation method to identify potential conflicts between services and outlining clear steps to address
such conflicts if they arise (VREG, 2024). During the consultation, market parties such as Febeliec,
FEBEG, and Bnewable emphasized the importance of providing clarity on these issues to ensure
effective market participation and coordination.

Furthermore, VREG, the regulator in the Flanders region, along with other stakeholders such as Elia,
FEBEG, Febeliec, Flux50, and ODE, highlights the need for stronger collaboration between the DSOs
and TSO. To ensure the optimal use of flexibility and avoid a lock-in of resources, close cooperation
between all system operators during flexibility procurement is essential. VREG recommends that
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Fluvius establish robust data exchange processes between the DSO and TSO to support market
activities related to flexibility. Additionally, it encourages Fluvius to develop a concrete plan and
timeline for fostering effective collaboration among all system operators. VREG also references the
iCAROS (Integrated Coordination of Assets for Redispatching and Operational Security) task force (Elia,
2018), which focuses on the Integrated Coordination of Assets for Redispatching and Operational
Security, as a valuable initiative in this regard.

In conclusion, European legislation is prioritizing distribution-grid connected resources to provide
flexibility, addressing the increasing need for flexibility due to the energy transition. While the TSO has
historically procured flexibility, the growing electrification and renewable generation in distribution
grids are increasing the flexibility needs of DSOs. However, a gap remains between regulatory
requirements and practical implementation, with market-based flexibility acquisition by DSOs still rare,
i.e., Fluvius is the only Belgian DSO actively establishing a local flexibility market. These aspects
highlight the importance of TSO-DSO coordination, which we extensively discuss in the following
chapters.
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3 TSO-DSO coordinated flexibility acquisition

3.1 TSO-DSO coordination clusters

Chapters 1 and 2 demonstrate the importance of coordination among system operators when
acquiring or procuring flexibility. This holds true regardless of whether the procurement is market-
based or not. Effective coordination mechanisms are essential to ensure flexibility acquisition is