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1. Introduction

The ongoing energy transition in Europe is leading to the decen-
tralization of power generation, with a growing number of medium- and
small-scale production units connected to Medium Voltage (MV) and
Low Voltage (LV) distribution grids. This shift is mainly driven by the
widespread deployment of Renewable Energy Sources (RES), as well as
by policy efforts aimed at promoting prosumer engagement [1] and
community-led initiatives in the energy sector [2]. This trend is partic-
ularly evident in the case of photovoltaic (PV) power plants: as of 2024,
Europe recorded an additional 65.5 GW of newly installed PV capacity,
bringing the total to 338 GW, with distributed installations accounting
for 58 % of the overall capacity [3]. At the same time, the electrification
of final energy consumption is accelerating, primarily driven by Heat
Pumps (HPs) and Electric Vehicles (EVs) [4]. HPs are the leading solu-
tion for decarbonizing building climate control, with over 2 million units
installed in Europe in 2024 [5], while EVs play a crucial role in the
transport sector’s decarbonization, with approximately 10 million ve-
hicles purchased in Europe between 2013 and 2023 [6]. Furthermore,
sector coupling is also gaining importance in industry. Although in
recent years electrification of industrial energy demand has stagnated at
around 33 % [7], it is expected to accelerate under the European
Commission’s Clean Industrial Deal, which seeks to boost electrification
in energy-intensive processes such as iron and steel production, chem-
icals, and cement [8].

Both distributed PV systems and controllable loads such as EVs and
HPs fall under the category of Distributed Energy Resources (DERs). As
defined by the European Commission [9], DERs encompass Distributed
Generation (DG), Energy Storage Systems (ESS) and Demand Response
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Fig. 1. Graphical representation of DERs.
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(DR) resources connected to MV and LV networks, as represented in
Fig. 1. DERs can offer several benefits, such as reducing energy costs
[10], enhancing resilience by providing backup power during outages
[11], and enabling prosumers to better align consumption with pro-
duction [12]. They also support decarbonization by reducing reliance on
fossil fuels [13]. However, their rapid growth poses challenges for dis-
tribution networks, including voltage and thermal limit violations, grid
congestion, and low-inertia issues [14]. Addressing these problems re-
quires substantial grid upgrades [15], which can be limited by space and
permitting constraints, especially in dense urban areas [16], and may
lead to higher grid-related costs, possibly representing sub-optimal and
cost-inefficient solutions from a societal perspective [17].

Given these aspects, relying exclusively on traditional grid re-
inforcements may no longer represent the most effective strategy for
addressing challenges in distribution networks. One possible measure is
the revision of grid codes to require DG units to incorporate advanced
inverter functionalities, such as the capability to withstand voltage and
frequency transients (i.e., voltage/frequency ride-through) [15]. For
instance, through advanced control schemes such as volt-var droop
characteristics and constant power factor modes, inverter-based DERs
have the ability to inject or absorb reactive power to maintain voltage
within the acceptable limits [18]. Another measure involves adopting
flexible grid connection arrangements, which enable the connection of
new DERs in congested areas of the grid, limiting the export or import
capacity of the connected units during critical periods for the distribu-
tion network [19]. These contracts can be implemented either as
long-term alternatives to conventional reinforcements or as temporary
measures to defer necessary infrastructure upgrades.

Finally, building on the established framework for procuring flexi-
bility services at the Transmission System Operator (TSO) level [20], a
solution is the development of Local Flexibility Markets (LFMs), in
which DSOs can directly acquire ancillary services from DERs [21].
These markets are key to reducing the costs of energy transition,
particularly by unlocking demand-side flexibility, which is a historically
underutilized but highly cost-effective resource [22]. While traditional
centralized power systems made limited use of DR, this is now
increasingly vital due to the limited dispatchability of renewable gen-
eration and the rising need for flexibility across the system [23].

Distributed Energy Resources (DERs)
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According to the European Commission, DERs encompass distributed generation technologies such as photovoltaics and wind turbines, distributed storage systems
like battery energy storage, and flexible demand-side resources including electric vehicles and heat pumps, capable of providing demand response services.
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Moreover, LFMs can accelerate the integration of non-dispatchable RES
by addressing local grid congestions, enabling the faster connection of
new installations [24].

1.1. Overview of local flexibility market initiatives in Europe

In this article, we adopt the definition of Local Flexibility Markets
(LFMs) provided in Refs. [24,25], referring broadly to all market-based
mechanisms through which DSOs procure flexibility services, regardless
of their design (e.g., real-time markets or long-term tenders) or imple-
mentation stage (e.g., pilot projects or fully operational schemes). DERs
participating in these markets are typically managed by Balance Service
Providers (BSPs), as defined in the European Guideline on Electricity
Balancing [26], which identifies BSPs as market participants responsible
for managing units qualified to deliver flexibility services.

The first European initiatives regarding LFMs emerged in Great
Britain (GB) and the Netherlands, where these markets are now among
the most advanced in Europe. In December 2018, following various
consultations and pilot tests, all six British DSOs signed the Flexibility
Commitment promoted by the Energy Networks Association (ENA) [27],
pledging to integrate local flexibility services into distribution network
operations, as an alternative to grid reinforcement whenever it proves to
be the most efficient solution. Around the same time, the Netherlands
launched the GOPACS platform [28], enabling the TSO and DSOs to
acquire services for congestion management on their networks. Due to
these initiatives, the topic gained attention at the European Union (EU)
level, resulting in the EU Directive 944 of June 5, 2019 [29], which
urged all member states to establish a regulatory framework that allows
and incentivizes DSOs to procure flexibility services from DERs. Spe-
cifically, Article 31 of the same directive mandates that DSOs must ac-
quire these services in a non-discriminatory and transparent manner
through market-based mechanisms, except in cases in which the na-
tional regulatory authority determines that a market-based approach is
not economically efficient and grants an exemption. Moreover, the
directive requires that the procurement of flexibility services follows the
principle of technological neutrality, including all potential BSPs con-
nected to the distribution grid. Finally, it highlights the need for local
markets to be integrated with the global markets managed by the TSO to
ensure efficient and coordinated procurement.

Following these guidelines, several further LFM initiatives have been
launched across Europe. In France, in 2020, the DSO Enedis introduced
the first long-term market auction for acquiring active power regulation
services [30]. That same year, in Sweden, the Sthimflex project was
launched to procure local flexibility during winter, when high electricity
demand for heating creates significant critical conditions on the distri-
bution grid in the Stockholm region [31]. In Italy, ARERA, the Italian
Energy Authority, incorporated the instructions of Directive 944
through Resolution 352/2021 [32], initiating pilot projects for the
creation of LFMs by DSOs. In August 2023, two projects were approved,
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each with distinct regulatory structures: EDGE [33], developed by
E-Distribuzione, which follows a forward market structure, and Rome-
Flex [34], designed by Areti with support from GME (Gestore dei Mercati
Energetici), which combines both forward and spot market mechanisms.
In April 2024, a third pilot project, MiNDFlex [35], was launched by
Unareti, adopting a market structure similar to RomeFlex. Similarly, in
Portugal, in 2023, the DSO E-Redes started the FIRMe [36] project,
conducting its first auctions for service procurement in July of the same
year. Finally, in Slovenia, Elektro Ljubljana, the DSO for the capital city,
launched its first call in 2023 to procure flexibility services from users
connected to LV networks [37].

1.2. Contributions of the work and novelty

Building on the regulatory fragmentation observed across countries,
several studies review how DER flexibility can be procured and which
instruments best serve DSOs. Table 1 synthesizes prior work, indicating
for each study the LFM dimensions covered and the perspective adopted.
Gulotta et al. [40] take a broad view of the drivers and barriers to
integrating DERs into ancillary service markets (ASMs). The review
outlines required regulatory updates, the optimization tools needed for
planning and controlling DER portfolios, and the technological advances
necessary to make DERs flexibility practically exploitable. LFMs are
mentioned only briefly, as one of several regulatory innovations the EU
should consider to expand the role of DERs in flexibility provision. Jin
et al. [38] present a comprehensive review of existing literature
analyzing LFMs across four high-level dimensions: concepts and defi-
nitions, operational challenge solutions, market formulations, and
clearing mechanisms. This review emphasizes the importance of scal-
able and adaptable market designs, coordination between LFMs and
central markets, and the use of decomposition and bi-level optimization
for clearing processes. Similarly, Rebenaque et al. [41] review the sci-
entific literature on local flexibility and examine implemented com-
mercial platforms (e.g., Cornwall LEM, Piclo Flex, IREMEL) alongside
pilot projects (e.g., InterFlex, Enera). The study identifies four
non-technical challenges to successful LFM implementation: governance
models, TSO-DSO coordination, inc-dec gaming, and entry barriers.
Based on the analyzed case studies, the authors propose practical
countermeasures for each. Frontier Economics’ report for ENTSO-E [25]
moves from high-level discussion to a comparative assessment of oper-
ating flexibility platforms. It examines how emerging platforms coor-
dinate procurement, trading, and service activation by DSOs and TSOs,
analyzing eight real-world implementations (e.g., GOPACS, Piclo Flex,
NODES). The key findings highlight the central role of aggregators, the
need for effective TSO-DSO collaboration, and the challenge of
harmonizing product definitions and market designs across Europe.
Similarly, Valarezo et al. [39] analyze trends in new flexibility markets
by comparing a wide set of market and aggregator platforms across
Europe using a common template (market description, structure,

Table 1
Taxonomy of prior reviews on DER flexibility and LFMs.
Ref. Description Year Scientific research LFMs specifications LFMs results/ Stakeholder
insights analyzed? presented and compared? maturity presented? perspectives?
[40] Literature review on opening ASM to DERs 2023 X X X
[38] Literature review on LFMs focusing on market models and 2020 v X X X
clearing methods
[41]1  Analysis of four barriers to LFMs success: governance 2023 / X X X
issues, TSO/DSO coordination, Inc-Dec gaming, entry
barriers
[25]  Report on flexibility platforms in Europe 2021 x v X X
[39]  Analysis of new flexibility markets and aggregator models 2021  x v X X
in Europe
[42]  Review of LFMs in Europe focusing on product definition 2025 x v X X
[43]  Review of a large number of LFMs to assess their features 2023 v/ v X X
and challenges
[24]  Report on LFMs in Europe 2022  x v v v
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timing). They conclude that the new models are technically and
economically justified to enable DSO flexibility procurement (primarily
for congestion management), and they stress the importance of inte-
grating these mechanisms with wholesale and balancing markets.
Jimeno et al. [42] focus on LFM products, comparing definitions across
national contexts and reviewing recent developments in the UK, France,
the Netherlands, and Norway, as well as pilots in Italy and Spain. They
document heterogeneity in product design and different approaches to
baseline verification. Key challenges individuated by the study include
enabling broader participation of small-scale DERs, improving valida-
tion of service provision, and extending LFM scope beyond congestion
management. Vigano et al. [43] expand the picture with a comprehen-
sive review of more than 70 scientific references and 65 European pilots,
comparing real LFM designs and assessing how local flexibility is treated
in the literature. The analysis focuses on TSO-DSO coordination, pro-
curement time horizons, and baseline methodologies. Key findings are
that DSO congestion management via periodic, pay-as-bid auctions is
the dominant practice, and that baseline precision deteriorates for
smaller, more variable DER aggregations. Barriers are grouped into
technical, economic, and regulatory categories, highlighting the need
for harmonized standards and incentives. Finally, Chondrogiannis et al.
[24] offer evidence-based support for European policy by reviewing
LFM status and design across six countries through desktop research,
case studies, and interviews. They analyze selected LFMs along five di-
mensions (pre-qualification, product design, trading, activation, settle-
ment), showing heterogeneity in product design and baselining
methodologies, as well as persistent TSO-DSO coordination issues. The
UK and the Netherlands emerge as case studies with mature LFMs, while
France, Norway, Sweden, and Germany show mixed or pilot-stage
experiences.

As Table 1 shows, prior studies have offered extensive reviews of
DER-based flexibility, either through literature syntheses or by exam-
ining real-world experiences across countries. However, a complete
description of the dimensions along which research on local flexibility is

PRISMA bibliometric analysis
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progressing is still missing. Likewise, a current, concrete picture of Eu-
ropean LFMs—covering market platforms, product definitions, activa-
tion methods, economic settlement and baselines, and market outcomes
(e.g., prices, liquidity)—is lacking. Although reference [24] provides
something similar, it is limited to 2022, while several initiatives have
since emerged or changed substantially. Finally, none of the surveyed
studies offers a clear, actor-differentiated account of stakeholder views
on future LFM development. While [24] includes interviews, the find-
ings are mainly used to describe case characteristics and to list suggested
improvements, rather than to compare viewpoints across stakeholders.

Our study addresses these gaps. We provide a single, updated review
that consolidates all elements summarized in Table 1. First, we conduct
a PRISMA-guided bibliometric analysis of academic databases to map
which aspects of DER flexibility are most frequently addressed in the
literature. Building on this, we analyze practical implementations across
European countries, comparing local procurement approaches. To map
market structures, we rely on publicly available information from key
stakeholders’ websites. The LFMs included are selected to capture the
breadth of design options and degrees of maturity. Beyond this mapping,
we collect first-hand perspectives from DSOs, BSPs, and market platform
operators (MPOs) through interviews, organizing their views by actor to
reveal convergences and divergences. The adopted methodology,
described in detail in the following sections, is summarized in Fig. 2.

In summary, the novelty of this work lies in an updated synthesis of
LFMs that i) analyzes current research directions on the topic, ii)
quantifies differences in market design and outcomes across selected
European LFMs, and iii) structures stakeholder insights (DSOs, BSPs,
MPOs) in a comparative manner. By combining quantitative evidence
and qualitative perspectives, the review offers a concise, policy-relevant
understanding of Europe’s evolving LFM landscape.

This paper is structured as follows. Section 2 presents a systematic
literature review on local ancillary services provided by DERs. Section 3
summarizes some of the key LFMs currently active in Europe, high-
lighting their differences, limitations, and potential future

» Market design
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Scientific | database . .05 papers | _ organization K i g
— — > » Flexibility-providing technologies
research filtering |I | in macro-areas
: | » TSO-DSO coordination mechanisms
|
i e » Communication & Data management
Case studies selection
|'_ - _E:,o;e; ________ 1 » Market platforms
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oca i . o
Flexibilit Real-world i : . D{:;i;g;t France | structured |- Product definition
exibility —r— . : 1 4 * Sweden T
Markets implementation | designs « Portugal | analsis » Service activation
| : p .
Differont Slovenia | » Baseline methodology
| » stagesof . ltaly |
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_______________________ |
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Fig. 2. Conceptual methodology diagram.
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LFM dimensions assessed, inputs (reviewed literature, analyzed case studies, stakeholder interviews), analytical procedures, and integrated outputs.
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developments. Section 4 presents the results of interviews conducted
with DSOs, BSPs, and MPOs involved in some of the analyzed projects.
Finally, Section 5 offers the conclusions of the study, emphasizing reg-
ulatory and policy lessons learnt.

2. Literature analysis on local flexibility markets based on
bibliometric data

In recent years, the growing penetration of DERs has heightened the
need for localized, market-based solutions to address grid congestion,
ensure voltage control, and support real-time balancing at the distri-
bution level. In this context, LFMs have gained attention as a promising
option, attracting increasing academic interest and a growing body of
literature on their design and implementation [44]. This section pro-
vides a comprehensive and systematic review of the current research on
LFMs, mapping the field’s thematic evolution, identifying key trends,
and offering a structured overview of LFM’s main features.

First, to assess the evolution of research in LFMs, a bibliometric
analysis was conducted on publications from the past decade
(2015-2024). The methodology follows the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [45],
ensuring a transparent and replicable approach. An initial selection of
36'537 references was extracted from the Scopus database based on their
potential relevance, encompassing a broad set of keywords related to the
topic of interest, such as virtual power plant (VPP), distributed energy re-
sources, distributed generation, and aggregator, among others. The data-
base queries were structured using logical operators (e.g., AND/OR),
and the metadata were thoroughly reviewed to exclude irrelevant
results.

Fig. 3 presents the annual distribution of publications related to
LFMs from 2015 to 2024. Among the published works, 47.7 % are
journal papers, 49.6 % conference proceedings, and 2.7 % book chap-
ters. The number of publications has more than doubled over the past
decade, reflecting the increasing interest in LFMs, in line with the
guidelines set out in the EU Electricity Market Directive [29], and sup-
ported by various scientific reports [24,46,47].

Building on the initial set of references, the bibliometric analysis was
further refined by defining five thematic macro-areas, identified by the
authors as the most relevant dimensions of research related to the
development of LFMs. For each macro-area, the authors defined a set of
relevant keywords to capture all scientific publications specifically
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addressing that aspect of LFM research. The level of academic interest in
each macro-area is illustrated in the bar chart shown in Fig. 4. Each bar
represents the share of publications in the initial database that include at
least one keyword associated with the respective thematic area. The five
macro-areas are as follows.

e Market Design: focusing on the regulatory frameworks, pricing
mechanisms, and market structures to enable procurement of ser-
vices by DERs.

e Service Typology: referring to the classification of flexibility services
provided by DERs.

o Flexibility-providing Technologies: investigating which DERs are uti-
lized to provide flexibility services.

e TSO-DSO Coordination Mechanisms: addressing the strategies for co-
ordination between TSOs and DSOs in procuring and activating
flexibility.

e Communication Infrastructure and Data Management: focusing on the
digital platforms, communication protocols, and data governance
models of LFMs.

The analysis indicates that technical solutions are the most
commonly explored topic in the literature, followed by research on the
services provided by DERs and communication infrastructure. In
contrast, market design and TSO-DSO coordination mechanisms receive
considerably less attention, at least among the studies selected after the
initial filtering. The following sections provide a detailed overview of
each macro area, outlining key themes and insights.

2.1. Market design

To better understand how the market design macro-area has been
addressed in the literature, the associated keywords were grouped into
subcategories: market timescale, market mechanism, local energy commu-
nities. This allows a more structured analysis of the key topics addressed
in the literature, facilitating the organization of the relevant studies. The
relative importance of each subcategory is illustrated in the pie chart in
Fig. 5, with the corresponding keywords listed alongside, ensuring the
reproducibility of the research. The same approach is applied in the
following subsections for the remaining macro-areas.

The market timescale subcategory is addressed in 37 % of the papers
analyzed, reflecting an ongoing debate about the advantages of
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Fig. 3. Annual publication trends on LFMs, 2015-2024.
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Percentage of Papers [%]

Fig. 4. Distribution of publications by thematic macro-area in LFM research.

Each bar indicates the proportion of publications addressing one of five key research areas in LFMs, identified through keyword-based filtering. The majority of
studies focus on specific DER technologies providing flexibility services, whereas topics related to TSO-DSO coordination are the least explored.
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Fig. 5. Breakdown of the market design macro-area into thematic subcategories.
The pie chart shows the relative share of publications addressing each subcategory within the market design dimension. Keywords associated with each subcategory

are listed alongside.

procuring flexibility in the short term versus the long term. Several
studies advocate forward market structures. Ziras et al. [48], for
instance, propose a two-stage, uniform-pricing auction (yearly and
monthly) that effectively reduces DSO costs by leveraging unused EV
charging capacity. Lustenberger et al. [49] emphasize the importance of
securing flexibility commitments at least one year in advance, allowing
DSOs to assess the cost-effectiveness of local flexibility services pro-
curement compared to traditional grid reinforcement. The proposed
approach relies on trading clearly defined long-term capacity limitation
products, which address the shortcomings of spot markets by leveraging
on greater reliability and liquidity. Nolden et al. [50] further indicate
that current short-term LFMs generate transaction costs that often
outweigh revenues for BSPs, and call for stable, long-term structures to
improve investment viability. On the other hand, several studies
emphasize the benefits of short-term markets. Specifically, Ramos et al.
[51] suggest that while forward contracts are useful in early-stage LFMs,
short-term procurement becomes more efficient as the market matures,
enabling real-time matching, better price signals, and more responsive
flexibility management. Similarly, Michaelis et al. [52] emphasize that

an efficient low-carbon LFM should operate on a short-term timescale,
with trading starting day-ahead and closing shortly before delivery.
Their work suggests that short-term design enhances congestion man-
agement by allowing flexibility to be procured closer to real-time, im-
proves market transparency and competition, and lowers entry barriers.

Market mechanisms are discussed in 35.6 % of the papers analyzed,
reflecting the importance in defining how flexibility services are pro-
cured and remunerated within LFMs to ensure efficiency and fair
competition among DERs. Van de Water et al. [53] explore three price
formation mechanisms for local electricity markets (system-determined,
auction-based, and negotiation-based) using the Multi-Criteria Mapping
method to capture stakeholder preferences. Their analysis is supported
by a simulation based on the BioZon pilot case study in the Netherlands.
The results show that system-determined pricing is preferred in
early-stage, highly concentrated markets due to its simplicity and
transparency; auction-based mechanisms become more suitable as
markets mature, and competition increases; while negotiation-based
approaches are most effective in low-concentration, peer-to-peer envi-
ronments in which individual preferences are key. On the other hand,
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Wang et al. [54] emphasize the importance of tailoring LFM pricing
strategy to the specific characteristics of distribution networks. They
propose a two-stage, market-aware framework that combines long-term
planning (through optimal siting and sizing of ESSs), with short-term
operation, managed via LFMs cleared using distribution locational
marginal prices. These prices capture grid losses and congestion effects,
offering accurate and fair price signals to DERs participating in the
market. Mehinovic et al. [55] also emphasize the importance of incor-
porating the locational state of the distribution network into local
market-clearing mechanisms. They develop a centralized LFM clearing
model that explicitly integrates grid-aware sensitivity coefficients to
dynamically assess the impact of flexibility asset locations on congestion
and voltage regulation. Unlike static approaches, these coefficients are
recalculated based on the real-time operating state of the grid, allowing
the iterative market-clearing process to accurately reflect the physical
network conditions.

Finally, local energy communities are increasingly recognized as a key
topic in the development of LFMs, with 27.4 % of the reviewed studies
addressing their role as a potential regulatory mechanism to foster end-
user participation. Several contributions assess the financial viability of
Energy Communities (ECs) across various European regulatory frame-
works [56], while others specifically examine their integration into
distribution grids. Taxt et al. [57] propose a scenario-based framework
that explores how different DSO roles and levels of regulatory decen-
tralization shape EC engagement in LFMs. The paper defines four inte-
gration scenarios, illustrating how ECs may range from passively
responding to price signals to actively managing flexibility and inter-
acting with DSOs through market platforms or bilateral contracts.
Complementarily, Garcia-Munoz et al. [58] stress the importance of
evaluating the flexibility potential of ECs when DSOs operate LFMs.
Given privacy constraints that limit visibility into end-user behavior, the
study identifies statistical patterns in EC operations as a promising
approach to estimate aggregate flexibility provision, thereby enabling
DSOs to plan LFMs effectively.

Emergency Active Power
Services . Management (49.7%):
(3.1%) Active Power
Frequency P, Management (49.7%)
Services (23.6%) _
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2.2. Service typology

The studies analyzing the flexibility services provided by DERs to
DSOs are classified by the type of service addressed, as shown in Fig. 6.
The defined subcategories include active power management, voltage ser-
vices, frequency services, and emergency services.

Active power management emerges as the primary area of interest
(49.7 % of the total occurrences). Several studies focus on demonstrating
the flexibility potential and technical feasibility of DR strategies to
enhance distribution network operations [59,60]. Zhang et al. [59]
propose a market-clearing framework that explicitly rewards the flexi-
bility offered by data centers through load shifting. This is achieved via
virtual links, which represent non-physical pathways enabling data
centers to relocate computing tasks across space and time. The results
show a reduction in price volatility, improved system efficiency, and
ensured cost recovery. Similarly, Berg et al. [60] assess the flexibility of
residential activity-driven appliances (e.g., dishwashers, washing ma-
chines, dryers and ovens) for grid services. Using a bottom-up approach
and high-resolution data from 564 households, they quantify flexibility
at both building and grid scales, revealing the potential of domestic
appliances to contribute to LFMs, particularly when aggregated at the
regional level. Other works focus on the optimal control of end-users to
enhance DR provision. Kalogeropoulos et al. [61] develop and test both
centralized and distributed Model Predictive Control (MPC) strategies
for managing DR in LV networks. Simulations on the IEEE European LV
Test Feeder show that combining energy storage with load shifting re-
duces balancing energy by up to 60 % and effectively prevents conges-
tion. The distributed MPC approach, in particular, proves well-suited for
real-world applications, achieving nearly identical results to centralized
control while preserving data privacy. On the other hand, active power
management is also addressed on the generation side. Liere-Netheler
et al. [62] propose a discrete optimization method to manage DG
curtailment for congestion mitigation. Their approach minimizes real
power adjustments and system losses while accounting for the discrete
controllability levels typically used in German feed-in management (e.

FIG(}L!@HC"}" services

Emergency Services (3.1%):
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o Dynamic islanding
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Fig. 6. Breakdown of the service typology macro-area into thematic subcategories.
The pie chart shows the relative share of publications addressing each subcategory within the service typology dimension. Keywords associated with each sub-

category are listed alongside.
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g., 100 %, 60 %, 30 %, 0 %). Applied to an IEEE 14-bus test system, the
method resolves multi-level congestions efficiently, even under contin-
gency scenarios. Results show that using finer curtailment increments (e.
g., 10 %) significantly reduces curtailed energy and associated
compensation costs. Finally, some studies highlight the potential of BESS
as an effective solution for active power management in distribution
networks. Spiliotis et al. [63], for instance, show that, by temporally
shifting power flows, storage helps DSOs alleviate congestion. Using
optimization models applied to a 34-node test feeder, the study dem-
onstrates that stationary and mobile BESS can lower total system costs
by 28 % and an additional 4 %, respectively, while also minimizing PV
curtailment and distribution capacity expansion.

Voltage services are also a prominent topic in literature, addressed by
23.7 % of the reviewed studies. Interest in this area has grown signifi-
cantly following recent updates to technical connection standards across
Europe, aligned with ENTSO-E grid codes [64,65], which have formal-
ized the role of voltage support services in distribution networks. Can-
izés et al. [66] develop and test a methodology to provide ancillary
services in LV distribution networks by adjusting DERs active and
reactive power setpoints to support voltage and relieve congested lines.
Using a detailed 236-bus network over a 90-day simulation, the study
shows that the proposed method achieves strong impact on congestion
mitigation—up to 98.87 % load reduction on critical lines— and im-
proves consistently the bus voltage profiles. Han et al. [67] highlight the
potential of enhancing voltage stability in distribution networks by
leveraging the interaction between VPPs and DSOs through LFMs. A
hierarchical day-ahead coordination framework is proposed, enabling
DSOs to procure flexibility from VPPs to manage voltage constraints
effectively. The approach incorporates robust optimization to address
uncertainties in DERs behavior and employs enhanced linearized power
flow models with voltage buffers for precise constraint handling. Case
studies on IEEE test systems show that this coordinated market-based
approach significantly improves voltage satisfaction rates.

It is worth noting that active power regulation can also be adopted
for frequency services, which are addressed in 23.6 % of the analyzed
documents. For instance, Yumiki et al. [68] propose a system-level ar-
chitecture integrating transportation and energy management systems
to enable EVs to provide ancillary services to distribution grids via
vehicle-to-grid (V2G) schemes. The developed multi-objective model
includes both primary frequency control and voltage regulation at the
distribution level. Validation is provided through numerical simulations
on realistic grid models and synthetic EV data, complemented by
hardware-in-the-loop testing. Similarly, Anany et al. [69] investigate the
potential of EVs to deliver ancillary services such as active power sup-
port, frequency regulation, voltage control, and fault ride-through. The
authors develop real-time charging optimization schemes based on
particle swarm optimization, which dynamically coordinate EV
charging and discharging with grid dispatch signals, accounting for user
preferences such as charging priority. Results show that the proposed
strategy reduces EV parking station costs by 40 % and peak net load by
11 %. Finally, Zhang et al. [70] propose a novel framework based on
aggregating small-scale renewable generators and BESS for frequency
regulation in low-inertia power systems. Central to their approach is a
dynamic schedule and control strategy, which combines forecasting and
real-time control to optimize power dispatch from distributed PV, wind
units, and BESS. Through simulations on a modified power system, the
authors demonstrate that the proposed method significantly improves
frequency stability, enhances storage utilisation, and reduces energy
curtailment compared to uncoordinated operation.

Finally, the interest in emergency services still appears limited (3.1 %
of the total). However, some works explore how DERs can enhance
distribution networks’ resilience through black start and islanding ca-
pabilities. For instance, Dacco et al. [71] assess the feasibility of inten-
tionally islanding portions of public distribution networks using diesel
gensets under emergency conditions. Using RMS simulations in DigSi-
lent PowerFactory, they confirm the technical viability of such
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strategies. Li et al. [72] propose a two-stage resilience framework that
leverages mobile BESS to enhance both black start capability and
post-disaster recovery. Their simulations demonstrate that coordinated
deployment with PV, diesel generators, and EVs can sustain over 90 % of
critical load. On the other hand, emergency services are also explored in
the context of private networks. For example, Scrocca et al. [73] analyze
reconfiguration strategies in a real MV microgrid, focusing on the eco-
nomic trade-off between maximizing dynamic islanding capability and
minimizing switching activity. Their results indicate that prioritizing
islanding capability, even at the cost of more frequent switching, yields
greater economic value.

2.3. Flexibility-providing technologies

This section examines how DER technologies have been analyzed in
the literature for their role in providing ancillary services to DSOs. The
occurrence of the main technologies across the reviewed studies is
shown in Fig. 7. Five main technology classes can be identified: syn-
chronous generators, variable RES, storage systems, electric vehicles, and
demand response from flexible loads.

Synchronous generators are the most commonly addressed technology
in the literature for providing flexibility to DSOs, appearing in 52.6 % of
the reviewed studies, reflecting their traditional role in delivering such
services. Calderaro et al. [74], for instance, investigate the impact of
distributed synchronous generators on both steady-state and transient
behavior in a real Italian distribution network. Their study evaluates the
effects of synchronous generators integration on local voltage regula-
tion, system stability, and protection schemes, also assessing the feasi-
bility of islanded operation. The results highlight the dual role of
synchronous generators: they can support active and reactive power
delivery and enable islanding in some cases, but may also introduce
instability, especially when inertia is low. However, Salim et al. [75]
show that, by regulating the power-factor of distributed synchronous
machines, operators can actively tune the damping of local electrome-
chanical oscillation modes, thereby supplying important flexibility
support to distribution networks and promoting stable operation even in
islanded microgrid scenarios.

Variable RES comprises about 25.6 % of the analyzed studies,
recognizing distributed PV and wind as active sources of grid flexibility.
For example, Chalise et al. [76] propose an active power curtailment
strategy for small wind turbines to mitigate overvoltage issues in resi-
dential feeders. Their approach leverages a voltage droop-based control,
implemented through small adjustments to turbine blade pitch angles.
Through real-time simulation of a rural feeder with 96 wind turbines,
the study demonstrates that the proposed method effectively supports
feeder voltage regulation while reducing network losses and power
fluctuations. From a broader perspective, Karimi et al. [77] review
various PV mitigation strategies, such as active power curtailment and
smart inverter Volt/Var control, highlighting their effectiveness in
dynamically absorbing or injecting reactive power to stabilize local
voltages. Finally, Prionistis et al. [78] demonstrate that coordinated
reactive power injections from converter-connected renewables within
active distribution networks can significantly enhance voltage stability
margins at the distribution level. Specifically, their study proposes a
two-level control framework, combining central coordination with local
feeder controllers.

Storage systems, represented primarily by BESS, comprise 17.9 % of
the analyzed works. Prakash et al. [79] provide a comprehensive review
of BESS applications in distribution networks, distinguishing between
short-term ancillary services, such as voltage support, frequency regu-
lation, and black start, and long-term services like peak shaving and
congestion management. They also highlight key barriers to BESS
deployment in LFMs, including economic uncertainties, battery degra-
dation, regulatory gaps, and coordination challenges with other DERs. In
a more focused contribution, Taltavull-Villalonga et al. [80] investigate
the integration of BESS into optimal power flow models to address
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congestion and reduce losses in distribution networks. By comparing
two optimal power flow formulations and applying them to a real
Spanish feeder, the authors show that both approaches effectively alle-
viate congestion and yield similar battery dispatch patterns to maintain
operational security. Moreover, optimal battery scheduling is found to
enhance voltage profiles and strengthen local grid resilience.

Although electric vehicles appear in only about 2.4 % of the reviewed
studies, they are anticipated to become a significant source of flexibility
through V2G capabilities. For instance, Shafie-Khah et al. [81] develop a
two-level stochastic programming framework to optimize the operation
of EVs in distribution networks with high shares of renewable energy.
The upper level seeks to maximize the parking lot operator’s profit by
optimally scheduling participation in energy and ancillary services
markets, while the lower level minimizes system costs for the DSO by
addressing renewable intermittency and enforcing network constraints.
The study demonstrates that stochastic modeling provides more favor-
able outcomes compared to deterministic approaches. Similarly, Alam
et al. [82] propose a dynamic V2G control strategy based on a trape-
zoidal charging and discharging profile that synchronizes EV battery
usage with solar PV generation and local demand. In this approach, EVs
are charged during midday solar peaks to alleviate overvoltage and
discharged during evening demand peaks to support local loads. The
strategy includes real-time adjustments to accommodate battery avail-
ability fluctuations caused by driving needs or PV variability. Simulation
results show that this method outperforms constant-rate charging in
mitigating voltage issues and maintaining battery readiness.

Finally, demand response solutions appear in about 1.5 % of the
literature, focusing on the activation of flexible loads across residential,
commercial, and industrial sectors. Siano [83] provides a comprehen-
sive overview of DR potential in smart grids, highlighting its role in
enhancing system reliability, reducing peak demand, and deferring
costly infrastructure upgrades. The study classifies DR programs into
rate-based, incentive-based, and bid-based mechanisms, and emphasizes
the importance of enabling technologies, such as advanced metering
infrastructure and automated control systems, for facilitating consumer

participation. Fotouhi Ghazvini et al. [84] propose a market-based
mechanism for managing congestion in active distribution networks,
specifically addressing overloads caused by the uncoordinated operation
of EVs and HPs. The authors advocate for retail electricity providers,
rather than DSOs, to implement DR programs through centralized co-
ordination of home energy management systems. Their results show that
combining dynamic tariffs with power-based network charges is
particularly effective in alleviating line congestion and enhancing
network efficiency.

2.4. TSO-DSO coordination mechanisms

Other studies focus on TSO-DSO coordination mechanisms, which
represent a key challenge for the effective implementation of LFMs. As
illustrated in Fig. 8, the identified subcategories for this macro-area
include resources management, coordination mechanisms, data exchange
& communication.

The vast majority of works focus on resources management, covering
64 % of the identified works. Talaeizadeh et al. [85] propose a decen-
tralized, non-iterative energy management system to coordinate DERs
participation in both wholesale energy markets and LFMs through
TSO-DSO integration. The model enhances joint market clearing for
energy and flexibility by dynamically selecting between TSO- or DSO-
markets based on network conditions and the value of unmet flexibility.
Simulation results show that the approach closely matches centralized
market performance while significantly reducing computational burden
and increasing the volume of delivered flexibility. Similarly, Vagro-
poulos et al. [86] introduce a market-based TSO-DSO coordination
framework aligned with the structure of European electricity markets.
The key innovation lies in allowing DSOs to participate in the TSO
balancing market, submitting “Priority Price-Taking” offers that repre-
sent the net effect of their local congestion management actions. This
enables the TSO to account for distribution-level flexibility in
system-wide balancing without requiring extensive data exchange.

Furthermore, coordination mechanisms are broadly explored in the
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literature, accounting for 27.9 % of the reviewed studies, with a strong
focus on the dichotomy between centralized and decentralized schemes.
For instance, Nikkhah et al. [87] propose a decentralized coordination
strategy between transmission and distribution networks aimed at
maintaining voltage security in the integrated power system. The
method relies on an iterative process in which the TSO performs a
centralized optimization to minimize load curtailment while ensuring a
predefined voltage stability margin, and subsequently sends set-points
to DSOs. In response, DSOs activate local flexibilities—such as conser-
vation voltage reduction, feeder reconfiguration, and, when available,
DER flexibility—to meet the TSO’s targets with minimal actual curtail-
ment. The framework ensures rapid convergence and preserves data
privacy by limiting information exchange to essential interface param-
eters. Nezhad et al. [88] develop a coordinated operational planning
framework for congestion management across both transmission and
distribution levels, structured around a two-stage market model
encompassing day-ahead and real-time operations. The approach is
evaluated under both centralized and decentralized flexibility procure-
ment schemes. Simulation results demonstrate that the centralized
TSO-DSO coordination significantly outperforms the decentralized
alternative in terms of overall cost-effectiveness.

Finally, data exchange and communication are addressed in 8.1 % of
the analyzed literature. Amjad et al. [89], critically evaluate and
compare three cloud computing platforms—Cloudera, Amazon AWS,
and Microsoft Azure—for enabling efficient and scalable data exchange
between TSOs, DSOs, and other power system actors. The authors assess
each platform’s ability to handle use cases from the TDX-ASSIST project
involving planning coordination, real-time supervision, and fault man-
agement. Experimental results reveal that all platforms successfully
exchange XML-based data, but Cloudera outperforms the others in
execution time. The study highlights cloud computing as a viable and
secure solution to enhance interoperability and ICT infrastructure in
modern power systems. Radi et al. [90] propose a novel business use
case methodology to facilitate the provision of balancing services from
DERs, addressing emerging coordination challenges driven by high RES
penetration. The authors define standardized processes and interfaces
for TSO-DSO-BSP collaboration, relying on cloud computing platforms
for scalable and secure information exchange.

10

2.5. Communication infrastructure and data management

Studies related to communication infrastructure and data manage-
ment can be organized in four subcategories, as illustrated in Fig. 9:
cybersecurity & data privacy, communication networks, technologies,
communication protocols.

Regarding cybersecurity and data privacy, addressed in 38.5 % of the
papers, blockchain is often explored for its potential in enabling
decentralized, secure transactions among DERs. Wu et al. [91] explore
the foundational role of blockchain technology in enabling peer-to-peer
(P2P) energy trading frameworks, emphasizing its potential to foster a
trusted, user-centered energy society. Similarly, Huang et al. [92] pre-
sent a blockchain-based solution to key limitations in P2P energy
trading, particularly scalability, high transaction costs, and limited
market realism. The authors implement a novel trading platform on the
Polkadot blockchain, leveraging its high throughput and interopera-
bility to maintain decentralization without sacrificing performance. A
key innovation is the use of off-chain market clearing via MILP opti-
mization, with results verified on-chain to preserve trust while enabling
complex, multi-period scheduling. Blockchain ensures transaction pri-
vacy through pseudonymity and trustless validation, positioning the
solution as both scalable and secure for large-scale P2P applications.

Communication networks are also a prominent topic in the literature,
addressed by 38.2 % of the reviewed studies. Many contributions focus
on optimizing the use of Internet of Things (IoT) technologies in power
systems through advanced communication strategies. Li et al. [93]
present a multi-objective optimization method for designing communi-
cation topologies in Wireless Sensor Networks (WSNs) for IoT-enabled
smart buildings. Formulating the problem as an integer program
solved via a genetic algorithm, they simultaneously optimizes system
control performance, network energy consumption, and network sta-
bility. When applied to a multi-zone air-conditioning system, the opti-
mized topology achieved control performance comparable to fully
connected networks, while significantly reducing energy consumption
and enhancing network lifetime. Dai et al. [94] propose a three-stage
techno-economic framework to unlock the flexibility potential of
IoT-enabled appliances, distributed PV + BESS systems, and EV smart
charging within LFMs. The model coordinates smart homes, microgrid
operators, and the DSO through a Stackelberg game, enabling decen-
tralized optimization while preserving user privacy. Results show sig-
nificant cost reductions for DSOs and greater smart home participation,
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contingent on the effective operation of communication channels be-
tween IoT devices, microgrid operators, and the DSO.

Technologies for communication and data management are discussed
in 16.9 % of the reviewed literature. In study [95], the authors present a
critical review of SCADA (supervisory control and data acquisition) and
PLC (programmable logic controller) technologies, emphasizing their
roles in automating and securing energy systems within smart buildings.
SCADA systems are identified as key enablers for real-time monitoring,
control, and data acquisition across applications such as electricity
distribution, renewable energy integration, and water management,
especially as they evolve toward IoT-based architectures. PLCs are
recognized for their reliability and noise resistance, supporting functions
like BESS management, renewable energy integration, and overall sys-
tem automation. The study also features a case study of a critical
building, demonstrating how a SCADA-PLC system, equipped with
redundant power supplies and communication networks, can ensure
high operational reliability and continuous service. Complementing this
perspective, Dangwal et al. [96] focus on the security dimension of
SCADA-enabled IoT systems. They propose a novel intrusion detection
scheme based on the DNP3 communication protocol, which, despite its
widespread use in critical energy infrastructure, lacks native security
features. Their machine learning-based approach effectively detects and
classifies eight types of cyberattacks using data from real-world testbed
scenarios.

Finally, the implementation of secure and efficient communication
protocols is crucial for the operation of LFMs, a topic explored in 6.4 % of
the reviewed studies. In study [97], the authors evaluate the scalability
of the Modbus TCP communication protocol for monitoring and con-
trolling DERs in an energy district. Focusing on a self-consumption
system integrating PV generation and BESS, they use OMNeT++ simu-
lations to assess Modbus TCP performance under different network
conditions. The analysis measures the “polling time” between a central
Modbus client and multiple DERs in a star topology. Results indicate that
under low bit error ratios, Modbus TCP can reliably scale to over 140
servers while meeting the operational requirement of completing a full
polling cycle within 1 min. Schmutzler et al. [98] propose an extension
of the IEC 61850 standard to address the current lack of standardized
communication models for EV-grid integration. Leveraging the
vehicle-to-grid communication interface defined in ISO/IEC 15118, the
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authors introduce three new logical nodes representing EV supply
equipment, outlets, and connected EVs. A proof-of-concept imple-
mentation confirms the technical feasibility of the proposed model,
highlighting its potential to enable automated EV charge control and
support the broader market adoption of EVs as flexibility-providing
assets.

3. Overview of local flexibility markets in Europe

The implementation of LFMs across Europe exhibits considerable
heterogeneity, shaped by differences in national regulatory frameworks,
energy market architectures, and operational practices. First of all, it is
essential to outline the general structure of LFMs, highlighting the main
stakeholders and their respective roles. Fig. 10 schematically illustrates
the process of flexibility procurement by DSOs. An independent third-
party entity operates a market platform that enables the interactions
between DSOs and BSPs. DSOs issue flexibility requests, and BSPs can
submit flexibility bids if their DERs comply with the technical re-
quirements. Once a BSP secures a contract for a specific service, it is
responsible for transmitting the activation signal sent by the DSO to its
DERs. The market structure, remuneration mechanisms, and technical
requirements vary across LFMs and will be explored in greater detail
later in this section.

National contexts examined in this study are summarized in Table 2.
They have been selected based on the availability of data on existing
LFMs, as well as their ability to offer a balanced representation of
different stages of market development, including mature markets (e.g.,
in Great Britain and the Netherlands) alongside more recent initiatives
(e.g., in Italy and Portugal).

It should be noted that other LFMs are also active in Europe, such as
Effekthandel Vast in Sweden [99], FinFlex in Finland [100], and Euro-
flex in Norway [101]. In addition, new designs are under development
within dedicated demonstration projects. An example is found in Spain,
where the market operator OMIE and the national energy agency IDAE
are jointly designing a Spanish LFM system under the IREMEL project
[102].

However, the set of case studies analyzed here is considered suffi-
cient to illustrate the diversity of possible design approaches to local
flexibility procurement. For instance, GB shows a mature forward
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Fig. 10. Schematic representation of a generic LFM structure.

The DSO creates auctions on a market platform managed by a third-party entity. BSPs can participate by submitting bids. If a BSP is awarded a contract, it may be
required to activate the service either during predefined time windows or upon request via a dispatch signal from the DSO. In all cases, the BSP is responsible for
ensuring the activation of the DERs under its control whenever the contracted service is needed.

Table 2
Overview of European countries included in the analysis and the corresponding DSOs involved in LFMs.
Country Involved DSOs Project Market Platform Procured Services Starting
Name Year
Great Electricity North West (ENW) [103] - Electron Connect [104] & Piclo Flex [105] Active Power (PR, SU, OU, VA + 2018
Britain ou)
National Grid Electricity Distribution (NGED) - Market Gateway [107] & Piclo Flex Active Power (SU, OU, SA + OU) 2018
[106]
Northern Powergrid (NPg) [108] - Piclo Flex Active Power (SU) 2018
SP Energy Networks (SPEN) [109] - Piclo Flex Active Power (SU, OU, SA + OU, 2018
VA + OU) & Reactive Power
Scottish and Southern Electricity Networks - Electron Connect Active Power (SU, OU, SA + OU, 2018
(SSEN) [110] VA + 0U)
Uk Power Networks (UKPN) [111] - Local Flex [112] Active Power (SU, SA + OU) 2018
Netherlands Liander [113], Enexis [114], Stedin [115], Rendo = GOPACS GOPACS interacting with trading Active Power (Redispatch and 2018
[116], Coteq Netbeheer [117], Westland Infra platforms such as ETPA [119] and Capacity Restriction)
[118] EPEX-SPOT [120]
France Enedis [121] - Flexibilite Enedis [122] Active Power 2020
Sweden Ellevio [123], Vattenfal Eldistribution [124] Sthlmflex NODES [125] Active Power 2020
Portugal E-REDES [126] FIRMe Piclo Flex Active Power 2023
Slovenia Elektro Ljubljana [127] - Moj Elektro Active Power 2023
Italy E-distribuzione [128] EDGE Piclo Flex Active Power 2023
Areti [129] RomeFlex GME Active Power 2023
Unareti [130] MiNDFlex GME Active Power (Standard and 2024

Emergency)

market framework, offering a wide portfolio of standardized flexibility
products. France and Portugal also rely on forward markets, where
selected units are contracted through multi-year bilateral agreements
with their respective DSOs. Italy and Sweden are experimenting with
hybrid models that combine forward contracting with spot-based acti-
vation mechanisms. The Netherlands, through GOPACS, illustrates a
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shared TSO-DSO platform for congestion management, directly inte-
grated with wholesale market schedules. Slovenia, by contrast, focuses
on LV networks and direct interaction with end consumers, offering a
different perspective on how LFMs can be implemented at a smaller
scale.

The remainder of this section discusses in detail the most important
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characteristics of these selected initiatives.

Since 2018, in Great Britain (GB), all six DSOs have been procuring
local flexibility services through five standardized active power regu-
lation services: Peak Reduction (PR), Scheduled Utilisation (SU), Oper-
ational Utilisation (OU), Scheduled Availability & Operational
Utilisation (SA 4+ OU), and Variable Availability & Operational Uti-
lisation (VA + OU) [131]. These ancillary services, as well as other
general market aspects, are commonly defined by the ENA [132], a
not-for-profit industry body representing energy network operators in
the United Kingdom and Ireland. Conversely, other elements remain at
the discretion of individual DSOs, allowing them to tailor specific pa-
rameters and regulatory characteristics to their distribution network
needs. For example, the six DSOs operate through different market
platforms. Among these, the most widely adopted platform is PicloFlex,
a third-party solution specifically designed for local flexibility procure-
ment. Other DSOs adopt ElectronConnect, while NGED has developed its
own proprietary platform, Market Gateway. Meanwhile, UKPN has
opted for Local Flex, operated by EPEX Spot. Moreover, despite a com-
mon framework, each DSO independently decides which flexibility
service to procure. For instance, SPEN is currently the only DSO that has
launched auctions for procuring reactive power regulation services;
however, these auctions are currently limited to capacity reservations
for future operational years, with no recorded activations to date.

In the Netherlands, GOPACS [28] has been in operation since 2018,
enabling both the TSO and participating DSOs to issue open calls for
active power regulation services to mitigate network congestion. These
calls are published on a dedicated congestion management portal but
are also integrated with external trading platforms, such as EPEX Spot
and ETPA, enabling BSPs to participate and submit offers directly
through those platforms to provide the requested services.

In France, the DSO Enedis manages nearly the entire national dis-
tribution grid, except for island networks. To procure local flexibility
services, Enedis divides the national distribution network into zones,
assessing congestion issues and determining the most effective solutions.
Based on these assessments, auctions are launched in zones where
flexibility services are required, with technical specifications tailored to
address the identified network constraints. Since 2020, Enedis has
published these auctions on its own platform, where BSPs that meet the
technical requirements can register, participate, and submit offers.

In Sweden, the Sthimflex pilot project [31], launched in 2020, led to
the development of the country’s first LFM. The project aimed to assess
whether upward active power regulation services could effectively
alleviate persistent congestion issues in the Stockholm region during
winter. Several key stakeholders participated in the initiative: Svenska
kraftnat (Sweden’s TSO) [133] served as the project lead; Ellevio, the
DSO for the city of Stockholm, acted as a flexibility buyer together with
Vattenfall Eldistribution; E.ON Energy Distribution [134] provided
network operation forecasting tools; NODES operated the market plat-
form through which DSOs procured flexibility services. The project has
officially concluded due to the very low market liquidity observed
during the pilot phase. Indeed, Ellevio has stated that, in the short term,
LFMs are not a suitable solution for congestion management in Stock-
holm, and is therefore exploring alternative approaches through other
projects [135].

In Portugal, the DSO E-Redes launched the FIRMe pilot project to
procure local flexibility services, leading to the first auctions in July
2023 for eight districts across the country, focusing exclusively on up-
ward active power regulation. In March 2024, following technical as-
sessments of the winning units, the first two-year bilateral contracts
were signed between the DSO and BSPs managing the selected units.

In Slovenia, Elektro Ljubljana, the DSO operating the country’s
largest distribution network, launched a pilot project in 2023 aimed at
procuring DR services from LV consumers to address transformer over-
loading issues observed during winter [136]. The first open calls for
flexibility procurement were issued in September 2023, and consumers
located in the targeted areas were directly contacted. Interested

13

Renewable and Sustainable Energy Reviews 226 (2026) 116434

participants registered on the Moj Elektro platform [137], through
which they were able to submit bids indicating both the price and
quantity of flexibility they were willing to provide. This setup removed
the need for end-users to interface with a BSP, granting direct market
access to citizens. To further encourage participation, a € 50 incentive
was offered to each consumer who registered and took part in the auc-
tions, regardless of whether they ultimately delivered the service.

In 2023, Italy launched its first pilot projects for the development of
LFMs, led by the country’s three largest DSOs [138]: E-Distribuzione,
Areti and Unareti. In line with the National Regulatory Authority
(ARERA) Resolution 352/2021 [32], each DSO was allowed to inde-
pendently design its own market architecture. E-Distribuzione initiated
the first phase of its pilot project, EDGE [33], across four provinces,
identifying specific flexibility perimeters within each area where active
power regulation services were required to mitigate grid congestion. The
corresponding auctions were launched starting from November 2023 via
the PicloFlex [105] platform. At the same time, Areti introduced
RomeFlex [34], an LFM designed for the city of Rome, based on a hybrid
market structure combining both forward and spot mechanisms. The
market platform used in the project was managed by Gestore dei Mercati
Energetici (GME), the national wholesale energy market operator [139].
In 2024, Unareti launched MiNDFlex [35], aimed at procuring local
flexibility services in Milan. In its first stage, the initiative focused on a
critical area of the city supplied by a single primary substation. Although
the market architecture and platform were the same as those adopted in
RomeFlex, Unareti introduced different technical specifications for the
contracted services, distinguishing between two product types: standard
and emergency services.

This overview of LFMs development across Europe highlights a
considerable diversity in how local markets are being designed, with
different services procured and multiple market platforms often coex-
isting within the same country. Despite this regulatory flexibility, all
initiatives adhere to the core principles of the European Directive 2019/
944 [42], including technological neutrality and facilitation of resource
aggregation to fully leverage the potential of DERs. Notably, to date, all
existing LFMs have focused on active power regulation services,
although plans to expand into reactive power procurement are
emerging, as demonstrated by the GB case.

The remainder of the section offers a comparative and structured
overview of the different projects analyzed, focusing on three main as-
pects: market products and remuneration mechanisms, baseline definition
methodologies, and market outcomes. It is important to note that the
snapshot of European LFMs presented in the following subsections re-
flects the regulatory and market conditions as of early 2025. Conse-
quently, any developments occurring after this date—such as updates to
Italy’s regulatory framework following the first year of pilot project-
s—are not considered. Given the fast-paced evolution of LFMs across
Europe, providing a snapshot that remains fully up to date is inherently
challenging, as regulatory frameworks and market practices continue to
evolve. Nevertheless, the comparative value of this analysis remains
valid over time, as it offers a structured basis for evaluating different
approaches to procuring flexibility from DERs.

3.1. Market products design and remuneration schemes

For each LFM, DSOs defined one or more market products to address
their specific grid management needs. These products are characterized
by minimum technical requirements and a remuneration scheme that
varies according to the product’s intended objectives. Specifically, four
aspects of product design were analyzed.

e Techno-economic requirements. We considered:
e the minimum bid size that can be offered, which influences
whether small DERs and aggregators can participate;
e the maximum activation lead time, reflecting how quickly BSPs
must adjust active power;
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Table 3
Local flexibility services and related techno-economic features by country.
Country Service Name Min Availability Availability Utilisation Activation Timing Service Max Min Payment Structure Pricing Method
Quantity Period Auction Period Direction Activation Duration
Time Time
Great Peak Reduction (PR) 10 kW - - Settlement At trade Upward(by - 30min Utilisation only Pay As Bid
Britain periods demand turn
down)
Scheduled Utilisation 0/10 kW - - Settlement At trade Both - 30min Utilisation only Pay As Bid/Pay As clear *
(SU) : periods/EFA
blocks "
Operational 0/10 kW - - Minutes Real time/Real Both 2min/ 30min Utilisation only Pay As Bid/Pay As clear *
Utilisation (OU) time/Week-Ahead 15min/-
b
Scheduled 0/10 kW Settlement Months- Minutes Real time/Day- Both 2min/- " 30min Utilisation + Pay As Bid/Pay As clear *
Availability & N Periods Ahead Ahead " Availability
Operational
Utilisation (SA + OU)
Variable Availability 0/10 kW Settlement Months- Minutes Real time/Real Both 2min/ 30min Utilisation + Pay As Bid
& Operational a Periods Ahead time/Day-Ahead/ 15min/-/- ° Availability
Utilisation (VA + OU) Week-Ahead "
Netherlands  Redispatch 100 kW - - One or more ISPs At trade Both - 15min Utilisation Pay As Bid
(Intraday)
Capacity Restriction - Settlement Day-Ahead One or more Real time/At trade ~ Upward(by - - Availability -
Periods ISPs/Settlement (Day-Ahead) b demand turn
Periods " down)
France - 500 kW Settlement Months- OneormoreISPs  Real time Both 15min 30min Utilisation Pay As Bid
Periods Ahead +10min
Sweden ShortFlex 100 kW - - One or more At trade(Day- Upward - 60min Utilisation Pay As Bid
hours Ahead or
Intraday)
ShortFlex Availability 100 kw Settlement Days-Ahead One or more Real time Upward - 60min Utilisation + Pay As Bid
Periods hours Availability
LongFlex 100 kW Settlement Months- One or more Real time Upward - 60min Utilisation + Pay As Bid
Periods Ahead hours Availability
Portugal Restore/Dynamic/ 10 kW Settlement Months- One or more ISPs ~ Real time Upward 15min Auction Utilisation + Pay As Bid
Secure Periods Ahead Specific Availability/
Utilisation/
Availability
Slovenia - 1kw Settlement Months- One or more ISPs ~ Real time Upward 15min - Utilisation Pay As Bid
Periods Ahead
Italy - 25 kW/3 Settlement Months- OneormoreISPs  Real time/Attrade  Both 60min/ 15min Utilisation + Pay As Bid
kw ® Periods Ahead (Day-Ahead or 15min * Availability
Intraday) *

 Specification dependent on the DSO.

b Specification dependent on the type of product contracted with the DSO.

ID 32 DIJ0LIS Y

YEFILL (920Z) 92 Smalay A3.1ou7 a)quuIpIsng pub 2)qpmausy
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e the direction of service provision (upward, downward, or
bidirectional).

e Availability auction characteristics. To understand how LFMs secure

flexibility capacity in advance, we examined:

e the contracting period for availability (e.g., daily, weekly, sea-
sonal), which affects BSPs’ ability to plan resources;

e the timing of availability auctions, as this determines when BSPs
must commit capacity relative to wholesale and balancing
markets.

Utilisation characteristics. We considered:

e whether activation is defined over a pre-determined time window
or dispatched on a minute-by-minute basis;

e the dispatching times, i.e., when DSOs issue activation requests.

e Remuneration schemes. Finally, to capture the economic incentives
for participation, we analyzed:

e whether BSPs are remunerated for availability only, for utilisation
only, or through a two-part scheme covering both;
e the pricing mechanism adopted in product auctions.

Table 3 presents the flexibility products designs identified in the
analyzed LFMs, organized by country. For some countries, such as GB
and Italy, products have been grouped under a single section, despite
potential differences could exist among those procured by different
DSOs. Moreover, variations may also occur at the individual DSO level,
with the same product potentially offered with differing activation lead
time and/or maximum duration.

In GB most services have a minimum threshold of offered flexibility,
Min Quantity, equal to 10 kW, although some DSOs have already
removed this limit, and the general trend is to eliminate it entirely. A
common requirement across all services is a minimum guaranteed
duration of service provision, Min Duration Time, of 30 min. Auctions
follow a pay-as-bid pricing method, although NGED may adopt a pay-as-
clear approach for certain products. Despite these common elements, the
five flexibility products defined by the ENA differ in several key aspects.

1. Peak Reduction (PR): Designed to reduce peak demand, this product
targets consumers providing upward flexibility during predefined
settlement periods. Auctions are held well in advance (e.g., season-
ahead), setting quantity and utilisation price. No dispatch signal is
sent from the DSO, as delivery is requested during predefined pe-
riods. Remuneration is based solely on actual utilisation (£/MWh).

2. Scheduled Utilisation (SU): Intended to manage seasonal peaks and
defer reinforcement, SU is open to both consumption and generation
units offering upward or downward flexibility during predefined
time blocks (Electricity Forward Agreement-EFA blocks, standard-
ized trading periods used across electricity markets, or specific set-
tlement periods). Like PR, auctions define quantity and utilisation
price well in advance, delivery is requested without a DSO’s dispatch
signal, and payment is based on utilisation only.

3. Operational Utilisation (OU): Typically used to restore network sup-
plies following unplanned outages or faults, particularly in cases
where regulatory frameworks do not permit availability payments (e.
g., customer interruptions). OU is open to both consumption and
generation units that can adjust their electricity exchange in
response to DSOs’ real-time needs. Based on the timing when the BSP
is instructed to activate their units (Activation Timing) and the
consequent maximum time allowed between the reception of the
activation signal and the activation of the entire contracted capacity
(Max Activation Time), DSOs distinguish three sub-products:

a. Real-time dispatch with Max Activation Time of 2 min,

b. Real-time dispatch with Max Activation Time of 15 min,

c. Dispatch instruction issued a week in advance, with the service
required to be activated at the start of the specified time window.

BSPs are paid for utilisation only (£/MWh) for each sub-product.
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4. Scheduled Availability + Operational Utilisation (SA + OU): Typically
used when a DSO plans flexible service contracts based on short- to
medium-term forecasts of network constraints. SA + OU allows DSOs
to reserve capacity for specific settlement periods and activate units
in real time. Auctions are held months ahead, setting availability and
utilisation prices. Two sub-products exist:

a. Real-time dispatch with Max Activation Time of 2 min,
b. Day-Ahead scheduled activation.

BSPs are paid for both availability (£/MW/h) and utilisation
(£/MWh).

5. Variable Availability + Operational Utilisation (VA + OU): Typically
used when a DSO plans flexible service contracts based on long-term
forecasts of network constraints. VA + OU enables DSOs to reserve
flexibility capacity for specific settlement periods through auctions
held months in advance, while still allowing adjustments to the
reserved capacity closer to real-time. Dispatch signals are then sent
by the DSO based on actual real-time system needs. Four sub-
products are defined depending on dispatch timings:

a. Real-time dispatch with Max Activation Time of 2 min,
b. Real-time dispatch with Max Activation Time of 15 min,
c. Week-Ahead scheduled activation,

d. Day-Ahead scheduled activation.

BSPs are paid for both availability (£/MW/h) and utilisation
(£/MWh).

In GB, for all flexibility products, dispatch notifications from the DSO
to the BSP can be delivered via automated instructions, platform alerts,
or phone calls. Once notified, the BSP is free to determine which of its
qualified assets to activate, as long as they are located within the rele-
vant grid area for the service. The BSP is then responsible for confirming
the activation and providing real-time monitoring data to the DSO.
Although each DSO currently adopts its own method for dispatch
communication, there is broad consensus among stakeholders that this
process should be standardized and scaled through the use of Applica-
tion Programming Interfaces (APIs). APIs would enable automated,
reliable, and efficient handling of dispatch signals. In support of this
transition, the ENA is actively developing a standardized dispatch API.

In the Netherlands, the GOPACS platform was developed to solve
congestions on both transmission and distribution networks through the
activation of flexibility services. Two products are defined.

1. Redispatch: This product addresses real-time congestion by adjusting
the power exchange of units with the grid and therefore does not
require a predefined availability window. It is contracted on an
intraday basis, based on requests submitted by DSOs via the GOPACS
platform close to real time, and on corresponding offers from BSPs
able to respond. Winning participants must guarantee a Min Duration
Time of 15 min and are remunerated for actual activation under a
pay-as-bid pricing scheme. In addition to this free bidding mode, a
mandatory bidding option is also available through bilateral con-
tracts between DSOs and BSPs. Under such agreements, the BSP
commits to submitting offers for every DSO auction on GOPACS in
exchange for predefined remuneration.

2. Capacity Restriction: This product targets consumers capable of
shifting electricity usage to periods of lower network congestion. It is
contracted on a day-ahead basis and remunerated in €/MW of agreed
capacity reduction. Two contractual options are available:

a. Capacity Restriction on Demand, where activation is dispatched by
the DSO in real time;

b. Capacity Restriction with Time Block, where the service window is
predefined during the day-ahead auction.

In France, Enedis procures local flexibility through auctions held for
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specific critical areas identified by the DSO. In each auction, the DSO
specifies the service direction (upward or downward), a Min Quantity
(500 kW), the availability window, Max Activation Time (25 min), and a
Min Duration Time (30 min). Participating BSPs submit bids indicating
the volume offered and a utilisation price in €/MWh. If awarded, the BSP
signs a three-year bilateral contract with Enedis, committing to provide
the service when requested in exchange for the bid price. Importantly,
the BSP may reject any individual dispatch order without penalty,
provided the refusal occurs no more than 15 min after the dispatch
order.

The Sthlmflex project led to the definition of three flexibility prod-
ucts with a structure and objectives similar to the framework observed in
the GB. All products involve active power regulation in the upward di-
rection, with an hourly time resolution. The key differences between
them are as follows.

1. ShortFlex refers to local flexibility services contracted through day-
ahead or intraday auctions for specific time intervals, with pay-
ment only for actual utilisation.

2. ShortFlex Availability involves reserving capacity a few days in
advance, with payment both for availability and activation.

3. LongFlex was introduced for structural issues on the distribution
network, allowing capacity reservation months in advance for multi-
month periods.

As part of the project, BSPs active in the LFM were also given the
opportunity to submit bids for the national mFRR service provided to the
TSO Svenska kraftnat, aiming to test the coordination mechanisms be-
tween DSO and TSO. For this service, as well as all other flexibility
services, activation from either the DSO or the TSO to the BSP can occur
via email, API, or SMS, depending on the BSP’s chosen preference during
registration on the NODES platform. The BSP retains full discretion over
how to allocate the dispatch signal among its qualified units.

In Portugal, E-REDES adopted a design similar to the LFM managed
by Enedis in France. It relies on forward auctions to reserve flexibility
capacity through two-year bilateral contracts between BSP and DSO.
Three main products are procured within this framework.

1. Restore, which is a post-failure service aimed at supporting the
restoration of the network following outages. Its remuneration
scheme includes an annual availability payment and an additional
payment for actual activation.

2. Dynamic, which is intended to ensure the operability of the network
during planned maintenance activities. Availability is remunerated
on an hourly basis, depending on the contracted availability window,
with an additional payment provided for activation.

3. Secure, which is designed to support the network under normal
operating conditions by managing congestion at critical points of the
grid. This service is remunerated for both availability and activation.

Currently in Portugal, for all the presented products, dispatch orders
are sent from the DSO to the BSP via phone call and email. It is then up to
the BSP to decide how to transmit the dispatch order to its qualified
resources.

The LFM developed in Slovenia targets LV users. Flexibility services
are procured at the beginning of winter through auctions, followed by
contracts between winning users and the DSO. These services are acti-
vated when needed to prevent overloading of previously identified
critical LV/MV transformers. Remuneration is provided solely for acti-
vated services, with activation requests communicated by the DSO to the
flexibility providers via SMS and email. Given the target user group, the
minimum bid size is significantly lower than in other European LFMs,
reaching 1 kW.

In Italy, the LFMs developed by the three participating DSOs exhibit
significant heterogeneity, although all of them adopt a pay-as-bid pric-
ing mechanism and provide remuneration for both availability and
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activation. E-distribuzione has implemented a market scheme similar to
the Portuguese model, with forward auctions issued for specific areas of
the distribution grid. Contracts between BSPs and the DSO are valid for a
single season. Each auction is associated with.

1. A specified flexibility requirement (quantity and direction, i.e., up-
ward or downward),

2. A timeslot indicating when flexibility must be reserved,

3. A maximum availability price, calculated based on the avoided grid
development costs (i.e., the cost the DSO would incur under a fit-and-
forget approach).

Additionally, all EDGE auctions share a set of common parameters:
the maximum utilisation price is set at €500/MWh, the minimum offered
quantity (Min Quantity) must be at least 25 kW, Min Duration Time is 15
min, and the Max Activation Time is 60 min. For BSPs managing DERs
awarded in forward auctions, service activation by the DSO is commu-
nicated via Telegram, either in JSON format or as a human-readable
message. In contrast, Areti and Unareti have adopted a hybrid struc-
ture, combining forward markets for capacity reservation with day-
ahead and intraday spot markets for activation. This structure is more
similar to the flexibility framework proposed in Sweden. The forward
market is conducted months ahead of the delivery period, and each
session defines a specific time window during which reserved capacity
must be made available. The general requirements for participating in
the forward markets of RomeFlex and MiNDFlex include a maximum
availability price of 30'000€/MW/year and a maximum utilisation price
of 500€/MWh, a minimum bid size of 3 kW for RomeFlex and 20 kW for
MiNDFlex, a minimum service duration of 15 min for both schemes, and
a Max Activation Time of 15 min for RomeFlex, while in MiNDFlex it
varies depending on whether the contracted service is classified as
standard (60 min) or emergency (15 min). Following the forward auc-
tions, day-ahead and intraday spot markets are held to select the most
cost-effective resources for activation. Participation in these spot mar-
kets is open to all BSPs, regardless of whether they reserved capacity in
the forward phase, ensuring that activation is based solely on economic
efficiency. Dispatch orders for units awarded in spot markets are sent by
the DSO directly to the units through dedicated devices known as PGUI
(Power Grid User Interface), which are mandatory for all assets qualified
to participate in the LFM. However, Unareti is pointing out this
requirement as an unnecessary entry barrier and is therefore moving
toward a simplified architecture based on direct communication be-
tween the DSO and the BSP (e.g., via email) in future developments.

3.2. Baseline definition methodologies

In LFMs, a key challenge is accurately verifying the flexibility
delivered by BSPs following a DSO activation request. This is essential
both to ensure fair compensation for service utilisation and to provide
DSOs a way to assess the reliability of participating BSPs. To address this
issue, a baseline is usually established, representing the expected with-
drawal or injection profile if no flexibility is activated. The methodology
to define this baseline entails certain assumptions and should be ideally
tailored to each unit in order to minimize the estimation error. While ex-
post (or real-time) assessment of the baseline may be more accurate,
knowing the reference baseline in advance is highly relevant for flexible
units, as they may adjust their real-time operations to accurately respect
the dispatching order. Baseline definition methodologies adopted in
analyzed LFMs are summarized in Table 4. It is worth noting that in the
Netherlands, where the GOPACS platform is jointly operated by DSOs
and the TSO, no baseline is required for validating delivered flexibility.
This is because each accepted bid corresponds to a modification of a
market operator’s commercial schedule. As a result, validation is carried
out by simply comparing the updated commercial program with the
actual delivery.

In most cases, DSOs offer BSPs a choice among several baseline
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Table 4

Baseline methodologies used in the analyzed LFMs.

Renewable and Sustainable Energy Reviews 226 (2026) 116434

Baseline type

Computation Methodology

Parameters Set by the DSO

Involved DSOs

Historical: Average

Historical: Median

Historical:
Mean X-in-Y

Historical:
K-Nearest
Neighbors

Recent data: Average

Recent data:
Trapezoidal
method

Benchmark method

Zero
User-nominated”

Average power flow measured over the same time window in the past X days (without
service activation), grouped by day type

Same as above, but corrected with a factor based on the power flow measured H hours
before service activation

Median power flow measured over same time window in the past X days (without service
activation), grouped by day type

Average power flow measured over the same time window in the past X days, selected from
the last Y days by excluding the (Y-X) days with the highest and lowest power flows,
considering only days of the same type

Same as above, with correction based on power flow H hours before activation

Average power flow measured over the same time window in the past X days (without
service activation), selected as the KNN-closest days to the current profile among the last Y
days

Average power flow measured over the last H hours

Linear interpolation between measured average consumption (over H hours) before and
after service activation

Measured average profile of similar N units not providing the flexibility service (reference
group)

Baseline assumed as zero power flow

Baseline predicted using forecasting tools

-Number of days (X) to
average

-Day type classification
-Number of days (X) to
average

-Day type classification
-Adjustment time window
(H hours)

-Number of days (X) to
average

-Day type classification
-Number of days (X) to
average

-Number of days (Y)
considered for selection
-Day type classification
-Number of days (X) to
average

-Number of days (Y)
considered for selection
-Day type classification
-Adjustment time window
(H hours)

-Number of days (X) to
average

-Number of days (Y)
considered for selection
-Number of hours (H) to
average

-Number of hours (H) to
average

-Number of reference units
N)

ENEDIS, Swedish DSOs,
Areti, Unareti

E-distribuzione

ENEDIS

All British DSOs

All British DSOs, EREDES

ENEDIS (consumption
units only)

ENEDIS,
E-distribuzione, Elektro
Ljubljana

ENEDIS (consumption
units only)

ENEDIS (consumption
units, wind & solar)

All British DSOs

All British DSOs, ENEDIS,

Sweden DSOs

# Subject to DSO approval following validation tests.

calculation methods. However, the selected approach must be mutually
agreed upon and specified in the contract. Most methodologies adopted
by European DSOs rely on historical data from similar types of days (e.g.,
working days or holidays). Some methods use the average over the past
X days, others use the median, with the option, applied in countries like
the UK and Portugal, to exclude days with extreme (maximum and
minimum) profiles. A key limitation of historical methods arises when
weather conditions change significantly from one observation period (e.
g., day) to the next, causing actual power exchange (in the absence of
flexibility activation) to differ substantially from the historical average
or median. To address this, some approaches apply a correction factor to
the baseline, based on the actual unit power profile in the H hours before
activation. For example, E-distribuzione uses the average of the last 15
days of the same day type (working day or holiday) and adjusts it with
an additive factor, derived from the average difference between the
assumed baseline and the observed power flow during the 2 h prior to
service activation. An alternative approach exploits the measured power
exchange immediately before activation. This approach is particularly
well-suited for consumption units, and it is adopted, for example, by
Elektro Ljubljana, which sources flexibility services directly from LV
end-users. A more advanced method proposed by Enedis is the bench-
mark method, which calculates the baseline as the weighted average
profile of a reference group of similar units non-participating in the
flexibility market. When applied to wind and solar, the reference units
must also be located within a certain geographical proximity to the
participating unit. Additionally, some DSOs adopt a zero-baseline
approach, meaning that the reference profile assumes no power ex-
change with the grid, and any deviation from this zero exchange is
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considered as offered flexibility. Finally, some DSOs allow BSPs to define
their own baseline, for example using forecasting models, provided that
the methodology is tested and approved by the DSO in advance.

Beyond the practices observed in the analyzed LFMs, two recent
studies offer deeper guidance on baseline design and its limits. Lind et al.
[140] propose a decision framework that evaluates methods by accu-
racy, simplicity, and integrity (resistance to manipulation). They show
that no single approach suits all DER technologies and provide criteria to
select methods based on resource characteristics. Ziras et al. [141] take a
more critical view: baseline-based services are often ill-suited to
LFMs—especially under continuous aggregator control and parallel
market participation. They advocate capacity-limitation services as a
simpler, more transparent alternative for managing congestions in dis-
tribution networks.

3.3. Market outcomes

Focusing on those projects with availability of historical data, it is
possible an insight into the maturity level of LFMs, as well as on the
potential economic opportunities for BSPs.

Fig. 11 presents the volumes auctioned in the LFMs analyzed across
GB, the Netherlands, France, Portugal, Slovenia, and Italy; volumes are
expressed as the total reserved flexible capacity during recent trading
periods. For GB, data refers to the 2023-2024 reporting year. For the
Netherlands, volumes are from 2024. For Enedis, they correspond to the
capacity procured in the first auctions of 2024, which concluded in early
June. In Portugal, the data reflects the contracted capacities following
the first project auctions held in September 2023. In Slovenia, data refers
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Fig. 11. Contracted capacity in the analyzed LFMs.
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Vertical bars represent the total reserved power in recent auction periods for each LFM operated by the indicated DSOs. Swedish LFMs are excluded from the diagram
due to data unavailability. The significantly higher contracted capacities in British and Dutch LFMs suggest a greater level of market maturity compared to

other countries.
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Fig. 12. Contracted average availability and utilisation prices in the British and Dutch LFMs.
The vertical bars represent the average availability and utilisation prices contracted by each DSO in the British LFMs during the 2023-2024 auction period. For the
Dutch LFMs, the bars show the average prices awarded to contracted BSPs on the GOPACS platform for each DSO during 2024. Other LFMs are excluded due to

significantly lower liquidity.

to the currently registered available flexibility capacity. For Italy, vol-
umes from E-distribuzione cover the first half of the first year, including
the winter and spring 2024 auctions, while for Areti and Unareti, the
figures refer to the capacity procured in the 2024 summer auctions. The
aim of this chart is not to compare absolute volumes across DSOs, as the
level of market maturity in countries like GB and the Netherlands makes
it inappropriate to directly compare their results with those of newly
launched LFMs, still refining their market design and engaging BSPs.
Moreover, the specific characteristics of each distribution network and
the diversity of design approaches adopted by different DSOs make it
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difficult to draw direct comparisons even within the same country.
Instead, the purpose of this figure is to provide a snapshot of the current
status of LFMs development across Europe, highlighting the level of
service procurement achieved so far. For the Sthimflex project, volumes
are not reported, as the data was removed from the NODES platform
following the project’s conclusion and is currently not publicly
available.

Fig. 12 shows the average availability and utilisation prices of
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accepted offers in the British LFMs,' as well as the average activation
prices paid by Dutch DSOs on the GOPACS platform (only Liander,
Enexis Netbeheer, and Stedin have issued calls to date). The focus is
limited to GB and the Netherlands, as these are the only contexts with a
sufficiently mature market design and volume of accepted offers to
support meaningful economic analysis. It is important to note that the
average price values reported for ENW are significantly higher than
those of the other five British DSOs, due to low market liquidity during
the analyzed year, as shown in Fig. 11. In this context, some resources
took advantage of the limited competition to submit very high bids, with
offered and accepted price peaks reaching around 11'000€/MW/h for
availability and 7'000€/MWh for actual activation. Data from the other
LFMs analyzed are reported, where available. In Slovenia, the average
utilisation price is reported to be 0.60€/kWh. In Italy, the economic
results from the early phases of the pilot projects are highly heteroge-
neous. For E-distribuzione, the weighted average availability price
based on contracted capacity in the initial 2024 auctions is 863€/MW/h.
The weighted average utilisation price, based on activated capacity, was
close to the price cap of 500€/MWh. However, this figure is not
particularly representative due to the very limited number of service
activations that actually took place in 2024. For Areti and Unareti, the
availability prices recognized to contracted capacity are significantly
lower, with a weighted average of approximately 3€/MW/h for accepted
offers in forward markets, and a weighted average utilisation price,
based on activated capacity in spot markets, ranging between €200 and
€300/MWh. No economic results were found for the auctions in France
and Portugal.

4. Stakeholder participating in LFMs interviews

To complement the overview of the active European LFMs, a series of
structured interviews was conducted with key stakeholders directly
involved in these markets. A total of 16 interviews were carried out,
including 6 DSOs, 7 BSPs, and 3 MPOs from various European countries.
Stakeholders were selected based on their active participation in exist-
ing LFMs, pilot projects, or operational schemes. Beyond stakeholders
operating in Italy, participants from GB, Switzerland, Slovenia, Sweden,
and Portugal also participated.

Each stakeholder group was interviewed individually using a stan-
dardized questionnaire (reported in the Appendix) to ensure consis-
tency, enable comparison across responses, and promote openness while
minimizing response bias. The questions addressed the regulatory,
technical, and operational dimensions of LFMs. The questionnaire was
carefully structured to elicit comprehensive insights into the perceived
enablers and barriers to effective market participation, aiming to cap-
ture each stakeholder group’s overall perspective on the strengths of
current LFM implementations and the key developments needed to
enhance their effectiveness in the near future. The covered thematic
areas included regulatory and administrative barriers, technical and
operational challenges, market design features, and economic viability.
In particular, for DSOs, the questions focused on procurement mecha-
nisms, auction design, unit activation procedures, and coordination with
TSOs. BSPs were asked about the regulatory transparency, technological
entry barriers (e.g., metering requirements and automation needs),
communication systems, portfolio optimization strategies, and remuneration
adequacy. Finally, MPOs were consulted on issues related to user acces-
sibility, data management and security, market clearing mechanisms, plat-
form scalability and interoperability, and regulatory compliance. All
stakeholder groups were also invited to reflect on national framework
differences, identify areas for improvement, and comment on the role of
LFMs in facilitating the integration of RESs.

All interviews were conducted via video calls, allowing for

! Prices for GB have been converted to euros using the average 2024 ex-
change rate between the pound sterling and the euro (0.847 £/€ [150]).
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interactive discussion and clarification of responses. The analysis of the
collected material was performed in two stages. In the first stage, the
authors systematically reviewed and re-elaborated the responses,
merging recurring viewpoints while highlighting divergences to pre-
serve the full variety of perspectives. This was done separately for each
stakeholder group, in order to reflect their specific roles and experi-
ences. The following sections (4.1, 4.2, 4.3) present the main insights
from this group-based analysis.

In the second stage, a comparative analysis was carried out across all
stakeholder groups. Section 4.4 presents this synthesis, aimed at iden-
tifying both commonalities and differences in perspectives. Specifically,
to provide a concise and comparative snapshot of stakeholders’ views on
current barriers to LFM development, a quali-quantitative assessment was
conducted. Based on the perspectives summarized for each group,
different aspects of LFMs were graded by the authors on a 1-5 scale,
indicating the perceived strength of each barrier.

4.1. DSOs

A central theme emerging from the DSO interviews is the complexity
of integrating LFMs into distribution network operations. While DSOs
unanimously acknowledge the potential of LFMs to address local grid
constraints, their widespread adoption is hindered by technical, regu-
latory, and operational challenges. Concerns raised by DSOs may be
grouped into three categories: temporal and spatial effectiveness of
LFMs market products; correct settlement of provided flexibility; and
digital assets and platforms available for DERs monitoring and control.
These issues are addressed in detail in the following paragraphs.

Italian DSOs noted that the procurement schemes adopted in the first
year of their pilot projects (which were based on a single flexibility
product with fixed availability windows and price caps) could fail to
reflect the local and temporal variability of grid needs. Another key
challenge reported by all DSOs is the need to define flexibility perime-
ters that accurately reflect their highly localized needs while ensuring
sufficient market participation. Although high spatial granularity helps
target specific grid issues (e.g., congestion), DSOs have noted that it
often does not align with the actual distribution of DERs currently
capable of offering services. This mismatch can reduce market liquidity,
limit BSP participation, and ultimately weaken the effectiveness of
LFMs.

In parallel with these design challenges, DSOs also raised concerns
around the methodologies used to quantify delivered flexibility,
particularly the definition and validation of baseline methodologies.
Several interviewees pointed out that inaccurate or manipulable base-
lines can compromise both the remuneration of BSPs and the effective
evaluation of system benefits. As emerged from the interviews, DSOs are
exploring advanced solutions, including machine learning algorithms
and digital twins [142] to improve baseline reliability and transparency.

Another critical technical bottleneck, which emerged in all the in-
terviews, is the limited observability of distribution networks. Indeed,
some DSOs emphasized the difficulty of managing flexibility without
advanced monitoring systems, highlighting that the existing digital
infrastructure and the current deployment of smart meters [143] and
Distributed Energy Resource Management Systems (DERMS) [144] are
not yet sufficient to enable real-time and high-resolution monitoring of
network conditions. Where available, these tools are still under devel-
opment or not yet fully integrated, leading DSOs to rely on static models
or historical data, reducing the responsiveness and precision of flexi-
bility activations. The activation procedure is another relevant issue. It is
currently mainly manual and reliant on phone calls, emails, or SMS. This
common practice among DSOs introduces delays and reduces the reli-
ability of dispatching orders. Although some DSOs are experimenting
API-based integrations and digital platforms, these efforts are still
insufficient and slowed down by a lack of technical standards and
interoperability requirements.

A final issue emerging from the interviews is the weak coordination
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between DSOs and TSOs. In most cases, the activation of flexibility re-
sources is handled separately by both system operators, with limited
data sharing and no shared framework for prioritizing activations. In-
terviewees emphasized the urgent need for regulatory intervention to
define clear and formalized coordination mechanisms between DSOs
and TSOs. Currently, while the importance of coordination is widely
acknowledged, responsibility for its implementation is largely left to
DSOs, who often lack the necessary tools and visibility over the trans-
mission system to manage it effectively. Some DSOs proposed that LFMs
could serve as a qualification platform for DERs seeking to participate in
global flexibility markets. This approach would improve transparency,
streamline the qualification processes of resources for both DSOs and the
TSO, and enhance the economic attractiveness of flexibility services for
DERs, ultimately increasing BSPs participation and contributing to
greater LFM liquidity.

Despite these challenges, DSOs across Europe continue to have a
strong interest in the evolution of LFMs. Many are actively participating
in pilot projects and regulatory sandboxes that explore diversified pro-
curement models, including multi-temporal auctions, hybrid remuner-
ation schemes, and seasonal contracts [145,146]. These initiatives are
driven by growing evidence that LFMs represent the most viable and
cost-efficient solution to managing local grid congestions, offering an
effective alternative to traditional grid reinforcement.

Looking ahead, all DSOs identified two main priorities for the future
development of LFMs. First, on the technical side, there is a clear need to
improve automation, real-time control, and monitoring at all levels.
Second, on the regulatory side, progress is required to support effective
coordination among system operators and BSPs, define standard base-
line methodologies, and establish common digital protocols to ensure
compatibility across different platforms and markets. These de-
velopments are considered fundamental to evolve LFMs from isolated
pilot initiatives into fully integrated mechanisms in the European elec-
tricity system.

4.2. BSPs

A relevant concern emerging from BSP interviews is the economic
viability of LFMs. Revenue unpredictability in less mature LFMs is cited
as a major obstacle to the development of reliable business models. BSPs
pointed to the uncertainty regarding the number of flexibility activa-
tions and the limited visibility into DSOs’ local flexibility needs, which
are often communicated with little advance notice. This narrow fore-
sight makes it difficult for BSPs to estimate potential economic returns,
preventing investments in technologies necessary to deliver flexibility.
To address these issues, BSPs stressed the importance of availability-
related remunerations, even at the expense of utilisation payments,
which remain a more uncertain revenue stream, particularly during
pilot phases of new LFMs. Moreover, they requested DSOs to publish
three or five-year outlooks about their local flexibility needs. Further-
more, the need of developing revenue-sharing mechanisms involving
other stakeholders, such as end-users and intermediaries like EV
charging point operators, adds an additional layer of complexity that
can discourage investments. Conversely, when market conditions are
more transparent and DSO’s intention to procure and utilize local flex-
ibility is clearly communicated (e.g., in GB), BSPs reported that market
participation became economically viable.

Looking at the economic domain, all BSPs agreed that a market-
based approach is the most effective for procuring local flexibility ser-
vices. However, some stressed that such markets should be com-
plemented by additional measures, such as dynamic tariffs not only on
energy prices but also on network charges, and specific availability
contracts in cases where low liquidity constitutes an obstacle for the
proper functioning of LFMs.

Another aspect that BSPs highlighted is the technical dimension of
LFM:s. First, it is noted that interoperability and automation capabilities
remain uneven across the interviewed BSPs. In some of the countries
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involved in LFMs, the use of automation is very limited, mainly because
the low economic opportunities prevent investments in monitoring and
automation tools. As a result, participating BSPs tend to engage in LFMs
using conventional commercial or industrial generation units, where on-
site operators can manually adjust the power output of contracted re-
sources. Moreover, DSO activations are largely manual, as already
highlighted, making it more difficult for BSPs to dispatch their units
automatically. Oppositely, in some countries like GB, BSPs reported
being able to automatically control their units by leveraging optimiza-
tion strategies based on locational market prices and forecasted grid
needs. Similarly, in Switzerland, BSPs have reported beginning to adopt
cloud-to-cloud communication systems and to explore advanced pro-
tocols such as MODBUS-TCP for distributed asset control.

Technical requirements (e.g., minimum bid sizes and service dura-
tion) are generally judged to be acceptable. As highlighted by BSPs, the
main barrier is the need to deploy very expensive field-level instru-
mentation and metering systems even for small resources. For instance,
user interfaces have been labeled as usually costly and inefficient,
discouraging newcomers from joining the market.

The regulatory landscape is widely recognized as fragmented and
unclear, often presenting a barrier for BSPs who are unfamiliar with
these new initiatives. Specifically, it was noted that Italy lacks a national
platform where various LFM initiatives are clearly explained, and where
BSPs can access information on economic remuneration schemes and
participation rules. Italian BSPs also suggested standardizing the three
pilot projects currently active in the country, advocating for a unified
market platform with consistent participation rules. This corresponds to
what has been done in other countries, such as GB, where DSOs were
given the freedom to design their LFMs within a well-defined framework
of common rules. Additionally, some BSPs highlighted the reduced size
of flexibility perimeters, sometimes limited to only a few streets or a
neighborhood, which makes scalability unfeasible.

Future developments suggested by BSPs include a revision of base-
line calculation methodologies, which are often inadequate to represent
the reference power profile for certain types of users, such as PV systems,
HPs, or EVs. More advanced tools, such as machine learning models that
go beyond purely historical data, were proposed as more appropriate
alternatives and should be allowed by DSOs. Moreover, BSPs empha-
sized that significant work is still needed to properly integrate the out-
comes of LFMs into electricity spot markets, particularly from a
regulatory perspective in terms of commercial exchanges between BSPs
and BRPs.? Finally, some BSPs expressed interest in expanding their
service offerings beyond active power regulation to include services
such as reactive power support, islanding, and black start capabilities.

4.3. MPOs

The main goal of MPOs is to enable scalable, accessible, and reliable
LFMs. According to interviewed MPOs, their platforms are already
capable of handling volumes far greater than current levels. Addition-
ally, security remains a key priority, with MPOs investing in robust in-
frastructures to ensure the confidentiality of data. At the same time,
regulatory compliance is central, with some platforms strictly adhering
to national regulations, while others are evolving to meet emerging EU
directives. Moreover, the minimal number of service disruptions re-
ported by the MPOs highlights the reliability of operating platforms.
Many MPOs have also reported to be engaged in pilot projects, often in
collaboration with DSOs, TSOs, and research institutions, to test inno-
vative market designs and further enhance platform capabilities.

Another aspect that the interviews revealed is the different strategies

2 Balance Responsible Parties (BRPs), as defined in the European guideline on
electricity balancing, are market participants responsible for ensuring that their
electricity injections and withdrawals of their units are balanced within each
market time unit [26].
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Fig. 13. Radar chart illustrating the perceived impact of five key barriers
limiting large-scale deployment of LFMs, reported separately by different
stakeholders (DSOs, BSPs, MPOs).

Values are based on stakeholder interviews and interpreted by the authors
employing a quali-quantitative approach, where a score of 5 indicates that the
corresponding LFM dimension is viewed as a major barrier, and a score of 1
means it is not considered problematic. Economic sustainability is perceived as
the primary barrier by BSPs, while DSOs identify market liquidity, closely
linked to technological maturity challenges, as the current main obstacle.
Regulatory fragmentation is recognized as a significant issue by all three
stakeholder groups.

among MPOs regarding the integration of LFMs with national electricity
markets. Several MPOs highlighted the importance of such integration
to ensure consistency and efficiency across market layers. For instance,
as discussed in previous chapters, in Italy, GME has developed a new
section of its existing national market platform dedicated to LFMs [147],
using the same web infrastructure employed for other markets, simpli-
fying participant access. Instead, Piclo is pursuing integration through
PicloMax [148], a service initially launched in GB and now expanding in
more countries, designed to link LFMs with broader electricity markets
and to enhance interoperability across different national market
frameworks. These distinct strategies reflect both the different levels of
market maturity and the regulatory framework in which platforms
operate, as well as a shared need for deeper market integration.

Despite the differences in platform structure, one consistent priority
across all MPOs is user experience, particularly for smaller or less
experienced BSPs. This goal is pursued through several concrete mea-
sures, such as streamlining participation procedures, offering intuitive
user interfaces, providing clear documentation, and delivering
onboarding support or training resources.

According to interview feedback, several challenges continue to
hinder the scalability and broader adoption of LFMs. These include
limited market liquidity, high technical complexity, and fragmented
regulatory frameworks, both within countries and across national bor-
ders. To address these barriers, MPOs are actively working to improve
market transparency, refine market-clearing algorithms, and enhance
platform accessibility. Increasing attention is also being devoted to
cross-border coordination and effective integration with national energy
systems. As the regulatory landscape evolves, aligning MPO platforms
with both national and EU-level policy developments remains a strategic
priority.

4.4. Comparative analysis of stakeholder perspectives

Fig. 13 provides a visual representation of the key barriers to the
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widespread adoption of LFMs in Europe, as perceived by the interviewed
stakeholders. It identifies five dimensions that influence the develop-
ment of LFMs: regulatory framework, technological maturity, economic
feasibility, communication and automation, and market liquidity. The
quantification shown in Fig. 13 is the result of a quali-quantitative
approach, in which each dimension was graded from 1 to 5 based on
both the number of interviewees who identified it as critical and the
degree of criticality they attributed to it.

The regulatory framework clearly stands out as a significant barrier
across all stakeholder groups. From the perspective of BSPs, the lack of a
consistent national or EU-level regulatory reference creates uncertainty
and makes it more difficult to approach LFM initiatives. For DSOs,
regulatory fragmentation leads to various operational challenges, such
as weak coordination with the TSO. Meanwhile, MPOs struggle to adapt
their platforms to heterogeneous national rules, complicating scalability
and integration efforts.

Technological maturity presents challenges for both DSOs and BSPs.
On the DSO side, some operators lack a sufficiently dense deployment of
metering and monitoring infrastructure, which is necessary to enable
more automated and efficient service activation methods. On the other
hand, BSPs often interact with DERs that are equipped with limited
communication interfaces, such as outdated inverters, which hinder
remote control capabilities and automated dispatch.

Economic feasibility is a critical issue, particularly for BSPs. In con-
texts where many DERs are not originally designed for flexible opera-
tion, the revenues from LFM participation are currently insufficient to
justify investments in additional control or automation equipment. As a
result, many BSPs are only able to offer flexibility through manual in-
terventions, which significantly limits scalability.

The dimension of communication and automation, closely related to
the previous two, also presents barriers, especially for DSOs and BSPs.
High costs associated with enabling real-time, secure communication
across distributed assets can discourage the deployment of automated
flexibility solutions, particularly when the economic returns are uncer-
tain or marginal.

Finally, market liquidity emerges as a universal challenge for all
stakeholders. For DSOs, low participation rates undermine the effec-
tiveness of LFMs as a tool to solve local grid issues, which may result in
sunk costs and unaddressed operational needs. For MPOs, platform
development and maintenance only become viable when there is suffi-
cient user engagement and transaction volume. BSPs, in turn, are unable
to properly assess the economic viability or technical challenges of their
flexible assets without a meaningful level of market activity.

5. Conclusions

This work provides an overview of LFMs across Europe, addressing
the technical, regulatory and economic challenges associated with their
widespread adoption in power distribution networks. Both the literature
review and the analyzed case studies confirm that LFMs are a highly
relevant and timely topic, with pilot and operational initiatives now
present in most of the European countries.

The literature shows that several aspects of LFMs design remain
contested. Forward auctions are generally considered the most suitable
option in the early stages of LFM development, particularly if flexibility
is procured as an alternative to network reinforcement. They provide
DSOs with greater planning security and lower entry barriers for BSPs.
As LFMs mature, however, short-term markets become increasingly
relevant, fostering competition and enabling the procurement of ser-
vices for emergency conditions that cannot be anticipated in advance. In
parallel, studies highlight the need to move beyond uniform pricing
toward locational pricing, which more accurately captures the impact of
flexibility on congestion management and voltage regulation. With
respect to service typology, research is gradually expanding beyond the
current focus on active power management to analyze the local pro-
curement of voltage support and emergency services. On the technology
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side, the potential of BESS, EVs, and DR is consistently emphasized, as
these resources are well-suited to deliver the flexibility DSOs require. By
contrast, the future electrification of industry and the transformation of
district heating systems remain comparatively underexplored, despite
their clear relevance as new sources of flexibility within a sector-
coupling perspective. Regarding TSO-DSO coordination, most studies
highlight the benefits of centralized approaches, in which the TSO op-
timizes system operations and DSOs implement the resulting dispatch.
Regardless of the chosen coordination model, however, secure and
efficient data exchange between system operators emerges as a critical
challenge, with cloud-based platforms frequently proposed as enabling
solutions. Finally, in the area of DSO-BSP communication, the dominant
concerns are cybersecurity and data privacy, with blockchain technol-
ogies widely investigated as potential tools to ensure transparency and
resilience in LFM transactions and service activations.

The case studies analyzed in this review confirm the heterogeneity of
current LFM designs in Europe. Markets differ in their reliance on for-
ward or spot procurement, in their product definitions, and in their
remuneration and settlement mechanisms. In particular, baseline
methodologies for service validation remain an unresolved issue: expe-
riences show that no single approach is suitable for all technologies and
aggregation levels. Service activation, by contrast, is more homoge-
neous, often relying on simple communication tools such as SMS or
email, though there is a clear trend toward API-based solutions. The
degree of market maturity also varies significantly. The next few years
will be crucial to transition from pilot projects, such as those currently
underway in Italy and Portugal, toward fully developed and large-scale
markets, as already implemented in countries like GB and the
Netherlands.

Insights from the stakeholder interviews further highlight the actions
needed to support LFM development. First, a stronger regulatory
commitment is needed to harmonize the fragmented experiences that
currently exist at the European level. A more uniform framework would
reduce the variability of LFMs deployed by different DSOs, which is
currently a significant barrier to broader BSP participation. Particularly,
regulatory efforts should prioritize the definition of a shared framework
for flexibility products and baseline methodologies within LFMs, taking
inspiration from the British context, where a broad portfolio of products
and well-established baseline methodologies have been successfully
adopted for several years. Moreover, a coordinated regulatory effort
could produce common guidelines to enable effective cooperation be-
tween DSOs and TSOs—a key requirement for managing the simulta-
neous activation of local and global flexibility services—and to better
integrate local market platforms into national and pan-European elec-
tricity markets, an area where MPOs are well-positioned to act as en-
ablers. In this regard, the forthcoming Network Code on Demand
Response (DR NC) appears to be the EU’s expected vehicle for harmo-
nization. Proposed by ENTSO-E and the EU DSO Entity, the DR NC
foresees [149]: (i) common national terms and conditions covering DER
aggregation models, baselining, the national flexibility register, local
market design, and TSO-DSO coordination; and (ii) Union-wide pro-
visions, such as standardized product attribute lists and technical re-
quirements for metering devices, subject to ACER approval. These
measures directly target the main regulatory gaps highlighted in this
review and, if consistently enforced, could establish the regulatory
foundation for a more coherent and scalable implementation of LFMs
across Europe.

In parallel, stakeholders highlight how investments are needed to
upgrade the monitoring infrastructure of distribution networks,
including LV grids, and to support the development of advanced grid
management software capable of fully harnessing the potential of LFMs
and the growing penetration of DERs. At the same time, targeted in-
centives should be introduced to support BSPs during this early stage,
enabling them to establish the necessary communication and automa-
tion infrastructure for delivering flexibility from both generation and
consumption units. Without such measures, flexibility provision is likely
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to remain limited to medium- and large-scale units with manual control
capabilities, often inadequate for addressing the highly localized oper-
ational needs of DSOs. To unlock the full potential of LFMs, however, it
is essential to harness flexibility from all technologies. In particular,
aggregated residential consumers, still largely untapped in less mature
LFMs, represent a promising avenue for enhancing market liquidity and
ensuring more widespread flexibility availability across distribution
networks.

In conclusion, while LFMs represent a promising tool for addressing
the growing complexity of electricity distribution systems and acceler-
ating the integration of DERs, their widespread adoption is not guar-
anteed and will require a coordinated effort from regulatory bodies,
system operators and market participants. By aligning technical stan-
dards, regulatory frameworks, and investment priorities, Europe can
move from isolated pilot initiatives to cohesive, scalable, and impactful
LFMs.
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