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A B S T R A C T

As renewable energy and electrification expand rapidly, many electrical distribution grids experience grid
congestion. This situation leads to long waiting lists for parties seeking a new grid connection or aiming
to expand their existing grid connection. In addition to traditional grid enforcements, distribution system
operators are developing ways to manage congestion by steering electricity supply and demand. As grid
congestion limits the previously abundant resource of grid capacity, the challenge of how to fairly distribute
this now-scarce resource raises new questions about nondiscrimination and broader notions of justice. This
study, grounded in energy justice, explores the distributive and procedural injustices people experience with
increasing grid congestion. Our research focuses on The Netherlands, where more than 10,000 parties await
new grid connections. Through 16 semi-structured interviews with people either affected by or involved in
mitigating grid congestion, our thematic analysis reveals three key categories: (1) injustices arising from legacy
policies, legislation, and social norms; (2) injustices due to unclear regulations, inconsistent policies, and
policy gaps; and (3) injustices related to changing relationships between DSOs and affected parties. These
findings highlight that grid congestion is fundamentally sociotechnical; while congestion is both constrained
and addressed by technical factors, institutional and social factors such as legacy policies, social norms
and communication, significantly influence perceptions of injustice. Our findings call for a comprehensive
integration of justice principles within the institutional (e.g. regulation, policy, markets, social norms),
technical (e.g. grid infrastructure, IT systems), and social (e.g. community engagement, communication)
components of grid infrastructure.
1. Introduction

The rapid expansion of renewable energy production and the elec-
trification of society challenge the operation of electrical distribution
grids. In many countries, increased power consumption and supply
is leading to grid congestion, which occurs when the required amount
of power exceeds the technical limits of cables and equipment [1,2].
Traditionally, distribution system operators (DSOs) have addressed grid
congestion by reinforcing their assets. However, the current need for
expansion of equipment is substantial in many European countries,
such as the Netherlands [3], Germany [4], and the United Kingdom [5].

Combined with the shortage of technicians, lengthy spatial proce-
dures, limited land space, and lack of financial resources, the ability of
grid operators to achieve the required expansions in time is seriously
compromised [6]. As a result, DSOs postpone the allocation of new
grid connections until grid reinforcements are finished, resulting in
long waiting lists for new connections and for the expansion of existing
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connections. For example, in the Netherlands, more than 10,000 parties
are on the waiting list for new grid connections, with waiting times
ranging from 7 to 10 years [7].

An alternative approach to grid expansion for addressing grid con-
gestion is to use the flexibility of the grid to shift loads away from
congested points [8]. Consequently, DSOs are focusing on mitigating
power peaks to ensure that the overall load on the grid remains
within safe limits. Active participation and flexibility of both elec-
tricity consumers and producers are required to smooth these peaks.
This approach, facilitated by information technology (IT) systems, is
commonly referred to as congestion management.

A congestion management mechanism should aim for equal treat-
ment among connected parties [9]. However, given the idiosyncratic
nature of congestion in different areas, some level of inherent discrimi-
nation is unavoidable, such as in price variations or reliability of the
grid. Conventionally, nondiscrimination was considered by DSOs for
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Energy Research & Social Science 122 (2025) 103962 
strategic decisions on long-term investment planning and cost reduc-
ion. The introduction of congestion management raises new challenges
oncerning the integration of nondiscrimination and broader concepts
f justice in the operation of the grid.

Three key factors contribute to these emerging challenges. First,
grid congestion gives rise to limitations of a common resource, namely
rid capacity, that used to be abundant. Justice concerns arise due
o the lack of established norms for distributing this now-limited re-
ource within society [10]. Second, congestion management requires

DSOs to make more operational decisions than before. For example, a
urtailment algorithm for maintaining voltage levels of PV panels could

disproportionately favor connected parties near the transformer over
hose farther away [11]. Third, grid congestion is a new phenomenon
hat requires a different way of thinking and acting from citizens, with
 potentially significant impact on their daily lives. These changes
ould lead to social resistance and injustice claims, similar to the
evelopments in wind energy [12].

According to Sullivan et al. [13] ‘‘any life situation that hinders
qual access to resources or opportunities or is related to suffering
r loss can cause perceptions of injustice’’. We argue that, although

distribution grid congestion is still in its infancy, the rapid implemen-
tation of congestion management measures necessitates comprehensive
insights into the potential injustices that could arise. Therefore, our
study focuses on the currently perceived or anticipated injustices of
actors affected by grid congestion or involved in congestion manage-

ent. These insights may guide the development of technological and
nstitutional measures to mitigate grid congestion.

Our main research question is what injustices do actors experience or
nticipate when addressing grid congestion in electrical distribution grids?
ur contributions are twofold. First, we adopt a comprehensive ap-
roach grounded in energy justice to address the societal impacts of
rid congestion, moving beyond purely technical solutions. Second,
his study is one of the first to empirically investigate actors’ experi-

ences with grid congestion, offering valuable insights for policymakers
nd DSOs. These insights are particularly relevant given the promi-
ence of grid congestion in the public debate in countries like the
etherlands [14] and Sweden [15].

This paper starts with background information on energy justice,
serving as both a motivating and conceptual lens for our research
problem. We then outline the methodology used in this research,
followed by the presentation of the identified perceived injustices,
categorized into those stemming from legacy policies and norms, policy
ambiguities, and changing relationships. Next, we discuss the rela-
tionship between these perceived injustices and energy justice, and
resent policy recommendations based on our analysis. Finally, we con-

clude that institutional factors such as regulations, policies, and social
norms significantly shape perceptions of injustice in this field. There-
fore, grid congestion should be viewed as a sociotechnical problem,
encompassing technical, social, and institutional dimensions.

2. Conceptual framework: energy justice

The concept of energy justice has gained significant traction in
ecent years, as scholars increasingly recognize the complex social

implications of the energy transition [16]. This growing body of re-
search highlights that the move towards sustainable energy is not
merely a technical challenge but also a deeply social one, with the
potential to either mitigate or exacerbate existing inequalities. These
disparities often mirror existing socioeconomic inequalities: while some

ay benefit from new opportunities and cleaner environments, others
ould face job loss or higher energy costs [16].

The energy justice scholarship aims to explore what is just or
njust in energy systems and to promote just energy transitions [17].

Two main frameworks dominate this research field, namely Sovacool
and Dworkin’s [18] eight principles for energy justice and McCauley
t al.’s [19] triumvirate of tenets. The first framework encompasses eight
2 
principles: availability, affordability, due process, good governance,
sustainability, intergenerational equity, and responsibility. Although
this framework has proven valuable in the literature, its principles do
not align well with the exploratory nature of our research.

The other framework, the triumvirate of tenets, is inspired by envi-
onmental justice [20] and based on three key principles: distributive,

procedural and recognition justice. Distributive justice focuses on the
quitable allocation of burdens and benefits among all members of
ociety. Procedural justice refers to the equitable process of determining
hese allocations, which involves aspects such as transparency, inclu-
ive dialogue, and empowerment. Recognition justice emphasizes the
ecognition of actors, such as their abilities, knowledge, and histor-
cal or systemic injustices, with a specific focus on the absence of
isrecognition [21]. In recent years, this set has been expanded with

cosmopolitan and restorative justice [22]. Cosmopolitan justice is based
on the belief that we are all global citizens, highlighting the importance
f considering cross-border impacts. Restorative justice aims to address
nd correct past injustices, ensuring that harms are acknowledged and
emedied.

We focus in this study exclusively on distributive and procedural
ustice, leaving recognition, cosmopolitan, and restorative justice for
uture work. Recognition justice is considered out of scope as it would
equire the participation of parties that could be misrecognized, who

are not yet involved in congestion management. Therefore, it was not
easible to study recognition justice in-depth within the scope of this

research. Cosmopolitan justice is excluded due to our focus on devel-
pments within the Netherlands, allowing for an in-depth contextual
nderstanding. Restorative justice is also excluded from this study, as
he exploratory nature of this research does not allow for an expanded
cope to address historical injustices.

According to Sovacool and Dworkin [18], energy justice can serve
three functions: 1) it can function as a conceptual framework that
describes and combines various justice perceptions; 2) it can act as an
analytical instrument that allows researchers to understand how values
are woven into energy systems; and 3) it can be a decision-making aid
for policymakers to normatively evaluate whether energy policies are
just. In this research, we adopt the first function to identify and map
perceptions of injustice of a wide range of actors.

Although the triumvirate of tenets approach to energy justice has
been shown to be valuable in previous research, it also has several
imitations [23,24]. First, it lacks a clear definition of justice and

injustice, making it difficult to identify what needs improvement. In
this study, we adopt a descriptive approach that considers the defini-
tions of justice and injustice from various actors, rather than striving
for a universal definition. Second, it often overlooks community per-
spectives, favoring a top-down approach that may misrepresent the
concerns of ordinary people. Therefore, we incorporate the perspectives
and concerns of a wide variety of actors in our analysis, including
connected parties, system developers, and policymakers, to avoid a top-
down approach. Third, while interactions between different tenets are
often overlooked in the literature, we aim to examine the relationship
between distributive and procedural justice in our analysis.

A more general concern in energy justice scholarship is that many
tudies do not explicitly state the ethical basis for their assessments [17,

24]. This omission can lead to the perception that energy justice re-
search imposes a supposedly universalistic idea of what is just, without
justifying its applicability to specific contexts. To address this concern,
ur research acknowledges the plurality of justice conceptions and
ays the foundation for future studies that could explore the ethical

dimensions of the perceived injustices identified in this study.

3. Related work: energy justice in electrical power grids

Research on grid congestion and congestion management has tradi-
tionally focused on technical solutions (e.g. [25]), similar to research
on smart grids [26]. To the authors’ knowledge, there has not been any
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Energy Research & Social Science 122 (2025) 103962 
previous research on the social or ethical aspects of grid congestion.
However, as congestion management is performed within the broader
context of electrical power grids and is closely related to smart grids,
we explore the literature on justice in traditional power grids and smart
grids in this section.

3.1. Energy justice in traditional power grids

Electrical power grids are large-scale physical infrastructures, often
erceived by scholars as neutral without regard for justice [27]. The
iterature on energy justice in traditional power grids is relatively
imited, with two notable areas of focus. The first area focuses on justice
n the expansion of the grid infrastructure, particularly the transmission
rid infrastructure [28,29]. For example, Mueller [30] demonstrated

that inclusive and transparent processes can improve public perceptions
f fairness in a case study on transmission infrastructure expansion in
ermany. In another example, in a case study from Colombia, Vega-

Araújo and Heffron [31] identified distributive justice issues arising
rom an excessive focus on economic compensation for communities
ffected by grid infrastructure expansion.

The second area of focus is the reliability of transmission and distri-
ution grids. For example, Kaufmann et al. [32] examined the impacts

of the Texas blackout of 2021 across social groups and found that the
eliability of the grid varied depending on whether the power loss was
ue to storm or load shedding. In a recent paper, Sovacool et al. [27]
ere among the first to conceptualize potential injustices in the power

ystem in a comprehensive way, with a focus on distributive justice.
hey showed how the grid can cause and perpetuate four different types
f inequity: demographic within social groups and communities, spatial
cross urban and rural locations, temporal across time, and interspecies
n terms of damaging the environment. Our research builds on their
ork by expanding energy justice scholarship in the context of power
rids, with a specific focus on increasing grid congestion.

3.2. Energy justice in smart grids

The umbrella term ‘‘smart grid’’ often refers to the digitalization of
the electrical power grid, driven by the use of IT systems and real-time
ata on household energy generation and consumption [33]. Smart

grids are viewed as important for integrating variable and uncertain
renewable energy sources and matching electricity demand and sup-
ply [34]. Congestion management can be considered a subset of smart
rids, where flexibility is specifically used to maintain grid availability
nd prevent overloads.

Milchram et al. [35] initially conceptualized justice within smart
rid systems, focusing on how these technologies could shape distribu-
ive, procedural, and recognition justice. In later work, they expanded
his analysis, identifying factors contributing to justice in the design of
mart grid pilots, such as data governance, participatory design, user
utonomy, inclusiveness of technology and scalability [33]. Moreover,

they found that transparency and participatory decision-making are
inked to positive perceptions of distributive justice [36,37]. However,

the design of smart grid pilots differs from the design of congestion
management measures, because smart grid pilots often enjoy exemp-
tions from regulations to encourage experimentation, while congestion
management has to deal with existing regulation, market mechanisms,
and other legacy systems.

Smart grid projects are generally framed around technological and
conomic objectives, and tend to exclude justice considerations [38,

39]. For example, Van der Wel and Akkerboom [16] found that justice
considerations are often neglected in smart grid projects, where sustain-
ability, reliability, and cost efficiency are prioritized. This may be due
to the fact that smart grid projects are generally designed through the
collaboration of technical and IT-based organizations in the energy sec-
tor [38,40]. Prioritized objectives in smart grid systems do not always
align with public preferences and goals [41]. For example, although
3 
the private sector and grid operators may focus on economic incentives
for flexibility, studies reveal that motivations for household flexibility
extend beyond financial incentives to include broader goals, such as
contributing to climate targets or supporting local communities [42].
Libertson [43] revealed five contrasting perspectives on the configu-
ration of smart grid systems, ranging from technical, automation, and
market-driven perspectives to more community-centered and equity-
focused approaches. Thus, the design and development of smart grids
varies depending on whether they are defined as technical, financial,
or social systems [44].

3.3. Summary and research gap

Smart grids are often designed with technological and economic
objectives, generally neglecting justice considerations. The literature on
energy justice in traditional power grids focuses mainly on the need
for inclusive processes and the fair distribution of burdens and benefits
in the context of grid infrastructure expansion and reliability among
groups. There is a notable gap in the literature addressing the dis-
tributive and procedural justice impacts of increasing grid congestion
and the digitalization of electrical power grids. Therefore, this research
aims to study the distributive and procedural injustices that actors
experience in this context. The next section outlines the methodological
pproach we used for this study.

4. Methods

We adopted a qualitative research approach, which aligns with the
exploratory nature of our research question. This qualitative approach
enables us to understand the ‘‘why’’ and ‘‘how’’ associated with the
injustices experienced by actors in congestion management. We decided
to conduct semi-structured interviews with people either affected by
grid congestion or involved in congestion management due to the inher-
ent versatility and flexibility offered by this method, particularly useful
for addressing exploratory research questions [45]. In the following
subsections, we further outline the empirical context, sample selection,
nterview procedures, and data analysis methods.

4.1. Empirical context: grid congestion in the Netherlands

Our study focuses specifically on the Netherlands, which is already
facing grid congestion, with more than half of the country experiencing
transport limitations (see Fig. 1 for both energy consumption (a) and
production (b) [46]). These developments are hampering both the
expansion of energy consumption (e.g., necessary for electrification)
and of distributed generation (e.g. local wind and solar energy). In the
Netherlands, DSO Alliander reported a backlog of 6,000 parties await-
ing new grid connections in June 2023, which increased to 9,400 in
March 2024 [7]. Some of these parties face waiting times of 7–10 years.
Grid operators have been increasing their reinforcement efforts and
have informed the public that by 2050, one in three streets will need
to be excavated to accommodate grid upgrades [47]. However, these
efforts are hindered by three main factors: a shortage of technical
personnel, lengthy spatial procedures, and limited availability of public
space. As a result, grid congestion is expected to persist for at least
nother decade.

Currently, grid congestion affects mainly the high- and medium-
oltage grid levels, which do not directly impact households [14].

As a consequence, congestion management has until date only been
mplemented at these higher grid levels. However, Dutch grid oper-

ators have warned the parliament about long waiting times for new
connections at the low-voltage level as well, with households already
xperiencing delays of 40 to 70 weeks for new grid connections [14]. As

grid congestion is expected to extend to low-voltage grids in the future,
residential users will be increasingly affected. Although this study
focuses on grid congestion at the medium-voltage level, we recognize
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Fig. 1. Grid congestion in the Netherlands (December 2024). Red areas indicate regions with no available transport capacity and existing waiting lists for new grid connections.
Orange areas are under study to determine if transport capacity can be made available, and also have waiting lists. Yellow areas have limited grid capacity, while white areas still
have available transport capacity. Retrieved from [46]. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
the importance of including household perspectives and concerns in
future work.

The Netherlands has three large DSOs and some smaller ones, each
serving different geographical areas [48]. Following the liberalization
of energy companies in the 1990s, Dutch DSOs have been incen-
tivized to minimize costs while optimizing reliability, resulting in a
highly reliable power system, but leading to underinvestment in new
capacity [49]. With increasing grid congestion, the regulator allows
since 2022 larger-scale congestion management [50]. For example, the
regulator has mandated that Dutch DSOs provide capacity-restricting
contracts. These contracts operate in the day-ahead domain, allowing
operators to request that connected parties consume or supply less
electricity on the following day if a potential overload is predicted. Ad-
ditionally, DSOs have implemented local markets for re-dispatch within
the intra-day domain. Here, operators can request that connected par-
ties adjust their electricity consumption or supply in shorter time
frames, such as 15-minute intervals [51]. Similarly, a real-time inter-
face was developed in collaboration with industrial partners to directly
control the load of renewable energy sources above 1 megawatt [52].

In addition to these measures, the regulator is considering various
other initiatives to further reduce grid congestion. These include intro-
ducing new grid tariffs to encourage reduced consumption or supply
during peak times [53], flexible grid capacity contracts at reduced
rates [54], and group contracts [55]. These group contracts would
allow energy communities to autonomously balance their electricity use
and supply within the technical limits of the distribution grid. Similarly,
the regulator is working on a ‘‘social prioritization’’ framework to
distribute new grid connections [56]. This framework prioritizes parties
of societal importance, such as schools, healthcare facilities, police and
defense applications.

Although our focus on the Netherlands presents a limitation in terms
of generalizability, the rapid increase of grid congestion is a new phe-
nomenon of high institutional and technological complexity, requiring
an in-depth research approach. As such, our study’s methodology may
provide a template for future studies in other countries and its results
can help to inform jurisdictions that are at risk of experiencing grid
congestion in the future. As other European countries have similar
institutional arrangements based on the same legislation and similar
4 
grid configurations, it is expected that some of our results could be
transferable to other contexts.

4.2. Sample selection

Interviews were conducted with a diverse group of actors affected
by grid congestion or involved in congestion management. The first
participants were recruited using our existing network. A snowball
sampling process was used to identify other actors. We opted for a
strategy of maximum variation instead of selecting all actors from the
snowball sampling approach [57]. Sixteen participants were selected
from the following actor groups: DSOs, research institutes, demand
response parties, energy communities, renewable energy developers,
non-profit organizations, and the national government. Two partici-
pants were women and all the others were men. All participants had
at least a bachelor’s degree and had been involved in the electricity
sector for at least 3 years already. Table 1 presents an overview of our
interviewees, organized in random order. Before approaching prospec-
tive participants, we obtained approval from the human research ethics
committee on our research design and informed consent form.

4.3. Interview procedures and questions

Interviews were conducted during the summer and fall of 2023,
each session lasting between 45–60 min. All participants were inter-
viewed once by the first author and signed the informed consent form
before starting the interview. Nine interviews were conducted in person
and seven interviews were conducted online, according to participants’
preferences. To guide the interview, we used an interview protocol
that can be found in the supplementary material. This protocol was
developed by the first author and reviewed by the fourth author. We
based the interview protocol on potential distributive and procedural
justice aspects known from the literature, such as from Milchram et al.
[33]. In the first part of the interview, we introduced the topic and
asked about the participant’s involvement in congestion management.
We then asked if they felt there were any injustices related to grid
congestion or the approaches for mitigating grid congestion. This initial
discussion set the stage for a deeper exploration of their perspectives
on justice in this context.



E. de Winkel et al. Energy Research & Social Science 122 (2025) 103962 
Fig. 2. Four phases of interview data analysis.
Table 1
Overview of interviewees with their ID number, organization and role.

ID Organization Role

P01 DSO Product owner system operation
P02 Research institute Researcher in congestion management
P03 DSO Project manager for innovation projects
P04 Property developer Participant in congestion management
P05 Renewable energy developer On waiting list for grid capacity
P06 Energy supplier Participant in congestion management
P07 DSO Implementing congestion management
P08 Trade associations Consultant for congestion management
P09 Research institute Researcher in grid tariffs
P10 Energy community Director
P11 Grid operator association Product owner system operation
P12 DSO Consultant for grid congestion
P13 Renewable energy developer Consultant for grid integration
P14 Non-profit organization Researcher on digital technologies
P15 DSO Product owner system operation
P16 National government Consultant for congestion management

4.4. Data analysis

Data analysis was performed concurrently with data collection to
document the emergence of new themes and to identify data satura-
tion, which occurred when additional interviews did not produce new
themes [57]. The interviews were transcribed and anonymized by the
first author, allowing an initial familiarization with the data. The com-
bined dataset consists of 8,660 lines and approximately 110,168 words.
The transcripts are in Dutch and generally between 400–600 lines. We
used Atlas.ti for qualitative data analysis [58]. The unit of analysis was
individual paragraphs, typically consisting of 3–4 sentences. The coding
was performed in Dutch by the first author and reviewed by the fourth
author.

Subsequently, we performed a four-round coding and thematic anal-
ysis, as illustrated in Fig. 2 [59]. In the first round of coding, we
performed open coding of five transcripts to become familiar with
the data. Open coding involves breaking qualitative data into parts,
scrutinizing them, and comparing for patterns [60]. In the open coding
phase, we specifically searched for quotes referring to a perceived
injustice, including, for example, ‘‘what I find unfair...’’, ‘‘what I find
strange...’’ and ‘‘what I worry about...’’.

In the axial coding phase, we carefully grouped similar codes and
used these to analyze all sixteen transcripts [61]. If new transcripts
raised additional codes, we would add these for the analysis. During the
selection coding phase, we looked at how codes were alike and com-
bined them into broader subthemes. These subthemes were identified
by iteratively reviewing and comparing the data and the codes.

In the final stage of our coding process, we engaged in thematic
synthesis, where we consolidated the identified subthemes into three
overarching main themes. This process involved iteratively reviewing
and comparing the subthemes to ensure that the main themes ac-
curately captured the core patterns and insights from the data. The
resulting themes, subthemes, codes, number of quotes and illustrative
quotes for each subtheme are provided in the supplementary material.
5 
4.5. Limitations

Three main limitations could affect the validity and generalizability
of our findings. First, the gender representation among the participants
was skewed, with only two female participants and the rest being male.
This limited representation of female participants can raise questions
about the validity and generalizability of the findings. The themes
identified in this study may not fully capture the perspectives and
experiences of women in the energy sector. However, due to the
complex process of recruiting interview participants and the general
overrepresentation of men in the energy sector, we proceeded with this
mix of participants.

Second, the mix of in-person and online interviews presents another
limitation. Nine interviews were conducted in person, while seven
were conducted online. This mix was not intentionally designed to
compare the two modes, but was rather a practical decision based on
the availability of participants and logistic considerations. Although we
did not notice any significant differences in the depth or length of the
interviews between the two modes, it is possible that subtle differences
in the quality of the interaction could exist.

Finally, interview studies are prone to interviewer bias, and there is
a likelihood that participants will give answers that they believe are so-
cially acceptable or what the interviewer wants to hear. Therefore, we
do not claim to provide an all-encompassing overview of all perceptions
of injustice in this context, but rather offer a nuanced interpretation
of the potential injustices that can occur, acknowledging that certain
injustice perceptions may have been overlooked.

5. Findings: legacy policy and norms, policy ambiguities, and
changing relationships

The injustices raised by the interview participants are structured
according to three main themes. The first theme is legacy policy and
norms, which refers to outdated regulations and established practices
that may no longer be effective. Second, policy ambiguities involves
unclear or inconsistent regulations that create uncertainty and potential
inequities. Third, changing relationships highlight the evolving dynamics
between DSOs and their customers, driven by IT systems and increased
citizen participation.

These themes are not isolated; they influence and interact with each
other. For example, changing relationships within the energy sector
often require new policies. However, these policies can be outdated or
nonexistent, potentially leading to injustices related to legacy policies
or policy ambiguities. Legacy norms in the energy sector also influence
the changing relationships between DSOs and their customers. Fig. 3
provides an overview of the main themes, subthemes, and associated
subsections in this article.

All interview participants expressed concerns about the risks of
injustice related to increased grid congestion and the widespread adop-
tion of congestion management measures. They noted that these de-
velopments could potentially exacerbate inequities within the energy
transition. The following subsections elaborate on the injustices that
our interview participants raised.
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Fig. 3. Overview of main themes and subthemes (with related subsections).

5.1. Main theme: legacy policy and norms

The first theme highlights injustices stemming from legacy policies
and social norms within DSOs and the broader energy system. Par-
ticipants questioned the compatibility of these legacy influences with
emerging grid congestion. The following sections elaborate on the five
perceived injustices that relate to this theme.

5.1.1. Adhering to the ‘‘first come, first served’’ policy for distributing new
grid capacity

All participants believed that the ‘‘first come, first served’’ policy
for the distribution of new grid capacity was unjust with the growing
scarcity of grid capacity. Most of the participants referred to social
prioritization policies in the making, where parties with activities of
social value, such as schools, police, dykes, and renewable energy
generation, gain priority on waiting lists for grid capacity. However,
in these draft policies, social prioritization only comes into play when
there is congestion on the grid, and some participants found it more
just to allow for social prioritization when grid congestion is foreseen
shortly. Participants also found it more fair to prioritize storage sys-
tems, such as batteries, for new grid connections, given their ability
to partially alleviate congestion and provide space for other parties.
There was consensus among participants that those given priority for
grid capacity should provide flexibility for congestion management and
some participants even believed that all connected parties gaining new
grid connections should provide these services.

In addition, some participants suggested that it would be fair to
discriminate in favor of nonprofit organizations for new grid connec-
tions, as commercial organizations typically have more resources and
knowledge. However, some participants criticized instances in which
DSOs favored energy cooperatives over commercial renewable energy
developers without a clear justification. Furthermore, participants felt
it unjust that companies strategically request substantial grid capacity
merely to secure a position on the waiting list, specifically disadvan-
taging parties with less financial capacity. However, the ‘‘first come,
first served’’ policy rewards companies for these practices, even within
social prioritization policies.

5.1.2. Prioritizing existing connected parties over parties on the waiting list
The majority of participants found it unjust that DSOs strictly

adhere to high reliability standards that prioritize the distribution of
electricity to existing connected parties over providing electricity to
parties on the waiting list for grid capacity. They also questioned
whether this is a conscious decision by policymakers and DSOs or
whether this focus has inadvertently evolved, originating in a historical
6 
focus on increasing the reliability of distribution grids. Many partic-
ipants expressed concerns about the extensive measures imposed by
DSOs to uphold reliability standards, suggesting that lowering reliabil-
ity standards could provide more space on the distribution grid for new
parties. As a participant (P04) stated, ‘‘We have a very reliable grid, but
only for the happy few that already have a grid connection’’.

5.1.3. Focusing on markets and profits
Several participants emphasized that policymakers and DSOs pri-

oritize remunerations for congestion management over other methods
that do not require financial compensation. Some argued that the focus
should shift from remunerations to a broader societal discussion on
how grid infrastructure costs should be distributed. Some participants
suggested using cost reflectivity as a starting point for determining cost
distribution. However, there was no consensus on which factors should
be excluded from cost reflectivity calculations, specifically concerning
the influence parties have on these aspects, such as their location,
congestion in the area, investing plans, future neighbors, ability to
reduce peak load or demand, and ability to pay.

Others advocated that grid operators should compensate for lost
revenue and emphasized that it would be unjust if congestion manage-
ment became a profit model. The first reason for this is that paying
customers for providing flexibility tends to benefit parties with larger
grid connections and initially more electricity usage in contrast to
smaller parties with less electricity usage. Secondly, some participants
mentioned that it would be unjust if connected parties that could easily
change their electricity use without any significant losses would profit
from that at the expense of others.

In addition, several participants highlighted that grid congestion is
location dependent, meaning that often only a few parties can help
alleviate it at specific locations and times. Market mechanisms for
congestion management assume sufficient supply to determine a fair
price. However, there are often only a few parties capable of assisting
with congestion management. If these parties recognize that they are
the only option for a DSO, they might exploit the situation. Similar con-
cerns were raised about individual negotiations between grid operators
and connected parties for congestion management remunerations, with
potential advantages for skilled negotiators.

5.1.4. Overlooking the trade-off between increasing grid costs and reliability
Many interviewees were concerned about the rapidly increasing grid

tariffs. They specifically mentioned that regulatory incentives prior-
itize grid reliability, leading DSOs to focus on reliability over other
objectives such as minimizing cost or providing new grid connections.
Several participants felt that it was unjust that DSOs and policymakers
were not consulting the general public about fundamental trade-offs
regarding these increasing costs. A participant (P07), working in a
DSO, stated, ‘‘You can also ask clients if they are willing to receive a
20 percent discount on your grid connection if you experience more
disruptions. But we never ask that question. We always choose to
maintain supply reliability and let prices rise’’. They felt that these
policies should be revised with public input, as they were established
when grid congestion was not yet an issue.

5.1.5. Lacking justification of the severity of local-level grid congestion
Many participants raised concerns about the severity of grid con-

gestion as reported by DSOs. They doubted whether there is actual
congestion in the distribution grid or if it is mainly ‘‘contractual con-
gestion’’. The term ‘‘contractual congestion’’ indicates that DSOs use
high safety margins in their estimates for grid congestion to ensure
reliability. These estimates are based on forecasting algorithms, in-
ternal policies and contractual agreements, which may not always
reflect real-time loads. Consequently, participants questioned whether
grid congestion is as severe as communicated by DSOs. These doubts
stem from a reliability-oriented culture and a lack of high-quality
measurement data, particularly in low-voltage distribution grids.
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5.2. Main theme: policy ambiguities

The second theme addresses the injustices participants experienced
due to unclear, inconsistent, and incomplete policies on grid conges-
tion. Participants felt that the new types of decisions made by DSOs
often lacked justification and were not always well represented in
olicy and legislation. This has led to uncertainty and inconsistent
ecision-making. The following sections detail the five injustices we

identified related to this theme.

5.2.1. Lacking justification of operational congestion management requests
Multiple participants felt that there was a lack of justification for

perational requests to reduce electricity consumption or production
as part of congestion management. An interviewee (P01) from a DSO
provided an example, ‘‘At one substation, [a DSO] has a solar park and
a wind park. Now, the question is, when do you call each of them?’’
articipants stressed that there should be clear policies for distributing
rid capacity in the operational domain, which are currently lacking.
his is even more pressing with the introduction of non-firm transport
apacity, where DSOs increasingly allocate grid capacity to connected
arties within the operational domain.

Participants emphasized many potential selection criteria for this al-
location, such as weather forecasts, the alternation between connected
parties, the carbon footprint of electricity generation, the reliability
of weather or load predictions, or the reliability of parties in execut-
ing requests. Despite the lack of consensus on which factors should
e considered for distributing grid capacity, participants stressed the
mportance of transparency and consistency in these decisions.

5.2.2. Lacking justification of the allocation of manpower for pilot projects
Participants, including both connected parties and DSO employees,

expressed concerns about the lack of justification for the allocation of
manpower to pilot projects that aim to reduce grid congestion. These
rojects often explore activities that fall outside the legal responsibil-

ities of a DSO, thus being classified as ‘‘pilot projects’’. Due to their
experimental nature, these projects require customized approaches. The
imited manpower available within DSOs for these types of projects
ften becomes a bottleneck.

Several participants expressed concerns that those who are the most
ocal or well-connected are the ones who secure pilot projects with
SOs. It remains unclear whether this is due to a lack of policy criteria

for selecting and prioritizing these projects, or if the participants were
simply unaware of such criteria. Additionally, while most participants
acknowledged the challenges DSOs face due to a shortage of skilled
workers, those on the waiting list for new grid connections found it
troubling that they could not help alleviate grid congestion by forming
energy communities because of this manpower shortage.

5.2.3. Lacking justification of policy variation among DSOs
Some participants mentioned that various DSOs within the country

eem to interpret or deal with regulations differently, often without a
lear justification. For example, while some DSOs allow batteries to
e connected to the distribution grid, others have stated they will not
o so for at least another year. Similar inconsistencies were reported
or new initiatives with non-firm grid contracts. These inconsistencies
rise in part because some DSOs are more willing to explore beyond
stablished regulations than others. This leads to confusion among
arties requesting new grid connections, particularly those operating
n multiple locations across the country.

5.2.4. Policy uncertainty leading to strategic and conservative behavior
Many participants expressed a lack of predictability with the rapid

mergence of grid congestion and its related policies. Two demand re-
sponse parties specifically mentioned that many parties were surprised
7 
by grid congestion a few years ago. Some of these parties had already
nvested in land, buildings, or electrification equipment to find that
hey could not get a grid connection. They felt that the grid operators
ad taken away their perceived right to a grid connection.

Most of the participants mentioned concerns about ‘‘taking away’’
grid capacity from existing customers. While some participants, work-
ing at a DSO or the ministry, believed that people would be more

illing to share grid capacity within an energy community, those
nvolved in such communities reported that members were also hesitant

to give up their grid capacity rights. Similarly, parties were cautious
about adopting flexible grid capacity contracts, which would require
them to give up some of their fixed rights to grid capacity in exchange
for a flexible right and lower grid tariffs. A participant highlighted the
oncern that giving up grid capacity that they do not currently need

could prevent them from obtaining additional capacity in the future
for needs such as heat pumps or electric cars. This uncertainty about
the availability of grid capacity in the future is leading to conservative
nd strategic behavior among connected parties, which disadvantages
hose currently on the waiting list for grid capacity.

5.2.5. Lacking recognition of grid congestion in energy transition policies
Many interviewees also highlighted that grid congestion hinders

lectrification goals to support the energy transition, such as using elec-
ricity for heating in industry and adopting electric trucks for industrial
ransportation. They noted that grid congestion and rising grid tariffs
re a key challenge for these efforts. From a procedural standpoint,
he conflict between policy demands and public encouragement to
lectrify, combined with practical grid limitations, creates a sense of

contradiction and discouragement. Therefore, the lack of coherence
between national and local policies for electrification, combined with
he reality of grid congestion, may lead to perceptions of injustice.

5.3. Main theme: Changing relationships

Our final theme is related to the changing relationships between
DSOs and affected parties, including both consumers and producers
f electricity. These changing relationships require new approaches to

collaboration, communication, and interaction. Participants expressed
concerns about the growing influence of IT systems, and the lack-
ing recognition of the flexibility constraints and knowledge levels of
connected parties. The following sections elaborate on the perceived
injustices related to this theme.

5.3.1. Dependency on private IT companies
Multiple interviewees, most of whom did not work for a DSO,

xpressed concerns about possible injustices related to the risks of
ock-in with IT companies developing new solutions for managing grid
ongestion. They noted that many pilot projects are not developed in an
pen-source manner, limiting access to data and algorithms for actors
ot participating in these projects. This situation has led to public funds
enefiting private entities that can establish market positions without
haring their innovations. Moreover, a dependency on proprietary sys-
ems could restrict DSOs’ abilities to influence and legitimize design
hoices for IT systems, limiting their capacity to anticipate or address
otential injustices both before and after these systems are deployed.

5.3.2. Overlooking connected parties’ flexibility constraints
Participants stressed the importance of recognizing the degree to

which parties can be flexible in their electricity use. This concern is
also reflected in the literature on flexibility capital (e.g., [62,63]). For
example, a participant noted that suggestions to shift factory produc-
tion to the night are impractical, as this would require workers to also
work during the night. Interviewees also raised concerns about the
arying levels of resources available to different groups for mitigating

grid congestion. For example, forming an energy community requires

significant investments that not everyone can afford.
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Table 2
Distributive and procedural injustices that underlie perceived injustices as raised by our participants.

Perceived injustice Distributive injustice Procedural injustice

1. First come first served Unfair distribution of grid capacity
2. Existing customers Unfair distribution of reliable electricity access Lack of justification and public input
3. Market focus Unfair distribution of costs
4. Cost vs. reliability Unfair distribution of costs and reliable electricity access Lack of public input
5. Congestion severity Lack of justification
6. Operational requests Unfair distribution of grid capacity Lack of justification
7. Manpower allocation Unfair distribution of manpower Lack of justification
8. Policy variation Unfair distribution of innovation opportunities Lack of justification
9. Policy uncertainty Lack of perspective
10. Energy policy Lack of coherence
11. IT dependency Lack of transparency and control
12. Flexibility constraints Lack of acknowledgment
13. Knowledge Lack of acknowledgment
In addition, participants emphasized that they often have limited
capacity to shift to other physical locations. One participant mentioned
that flexible contracts, especially those with market-based tariffs for
grid capacity, could disadvantage connected parties in congested areas.
Generally, participants agreed that different parties have varying ca-
pacities to be flexible. According to them, this should be recognized by
staying away as much as possible from incentives based on capacities
that cannot be easily accessed.

5.3.3. Overlooking connected parties’ knowledge levels
Participants also mentioned a lack of recognition by DSOs of the

knowledge connected parties have about electricity grids. For exam-
ple, a participant noted that small energy cooperatives might feel
overwhelmed by grid operators. Another participant highlighted that
the technical challenges that cause grid congestion could be exacer-
bated by a lack of knowledge among connected parties. Participants
suggested that DSOs and policymakers could implement initiatives to
better understand and acknowledge the expertise of connected parties.

6. Discussion: energy justice and policy recommendations

This discussion contextualizes our findings within the energy jus-
tice literature, focusing on distributive and procedural justice. The
first subsection categorizes the perceived injustices by these tenets to
highlight their multifaceted nature. The second subsection offers policy
recommendations to address these perceived injustices.

6.1. Relation between perceived injustices and energy justice

We initially categorized each perceived injustice into a single tenet
but soon found that some injustices could not be classified into a single
category. For example, the perceived injustice related to the priori-
tization of existing connected parties over new applicants appeared
to primarily concern distributive justice, as it affects the equitable
distribution of grid capacity. However, it also has significant procedural
justice implications, as participants noted that the decision-making
process may lack inclusivity. Some participants focused more on the
distributive aspects of this perceived injustice, while others emphasized
procedural elements. Consequently, it was unclear whether a perceived
injustice stemmed from the distributive or procedural justice tenet.

To address these complexities, we adopted a more nuanced ap-
proach. We carefully examined each perceived injustice to identify the
relevant tenet of justice that it touched on, which is shown in Table 2.
Distributive injustices primarily involve an unfair distribution of grid
capacity, reliable energy access, or costs. Procedural injustices mainly
concern the lack of justification and public input in decision-making
processes. Some perceived injustices relate to both distributive and
procedural justice, such as prioritizing existing customers over new
customers and overlooking the trade-off between costs and reliability.

Fig. 4 provides an overview of how the main themes are positioned
with respect to distributive and procedural justice. Perceived injustices
8 
Fig. 4. Relationship between the main themes and distributive and procedural justice.

placed on the central axis relate to both distributive and procedural
justice. This figure shows that injustices stemming from legacy policies
and norms are varied, some relating to distributive justice, others to
procedural justice, and some encompassing both. In contrast, injustices
stemming from policy ambiguities and changing relationships are more
closely related to procedural justice.

Identifying the tenet of justice behind each perceived injustice is
valuable for two reasons. First, it allows for a deeper analysis of a
perceived injustice, distinguishing whether concerns arise from the
allocation of burdens and benefits or from the decision-making pro-
cesses. These insights could enable targeted policy recommendations:
depending on whether an injustice is distributive or procedural, specific
policy interventions can be designed. Second, this framework shows
that injustices are multifaceted, offering a nuanced view that enhances
our understanding of energy justice.

6.1.1. Relation between perceived injustices and distributive justice
In terms of distributive justice, participants mainly expressed con-

cerns about the unfair distribution of available grid capacity, the reli-
ability of electricity access, and the associated costs. In addition, they
questioned the distribution of manpower and opportunities for inno-
vation. Legacy policies and norms significantly impacted perceptions
of distributive injustice, such as the ‘‘first come, first served’’ principle
and the use of high safety margins to determine grid congestion. Social
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norms that prioritize reliability over costs, favor existing connected
parties, and focus on markets and profits (also discussed in [16,31,42])
urther exacerbate these issues. Our analysis further revealed that,

compared to the literature on pilot projects, the injustices experienced
y actors in real-world applications changed significantly. Specifically,
njustices related to legacy policies, social norms, and policy ambigu-
ties – frequently identified in our study – were less prevalent in the
iterature on pilot projects due to their experimental nature.

6.1.2. Relation between perceived injustices and procedural justice
This study has found many perceived injustices related to procedu-

ral justice. However, it is too straightforward to say that procedural
ustice is more important than distributive justice in this context, as
we did not study in detail which perceived injustices were found to
be more important than others. For example, concerns about markets
and profits, which relate to distributive justice, have been highlighted
more often by participants than many other perceived injustices. In
addition, a large part of the perceived injustices were found to have
both a distributive and procedural basis.

In terms of procedural justice, five key elements emerged from our
nalysis. First, a lack of justification for decisions often resulted in
erceived injustices among our participants. This created a sense of
rbitrariness as participants could not understand the reasoning behind

certain actions or policies. For example, when the manpower for pilot
projects was allocated without detailed justifications, participants ques-
tioned whether this was based on a certain logic. However, it remains
ncertain whether providing justifications would suffice to address

these perceptions or if participants would still find these developments
njust on, for example, distributive grounds. As perceptions of injustice

are location- and time-specific, changing conditions could potentially
lead to new injustices or different bases for injustices [64].

Second, decision-making processes that did not consider public
nput were sometimes perceived as unjust. For example, participants
elt that DSOs and policymakers overlooked fundamental trade-offs,

such as balancing reliability with costs and accommodating new grid
connections. Ensuring that these processes are inclusive and transpar-
ent could help address these concerns. Third, participants raised the
issue of a lack of understanding and acknowledgment of the diverse
needs of affected parties, highlighting an increased social responsibility
for DSOs [65]. Fourth, participants were concerned about a lack of
transparency and control in the development and operation of IT
systems, which increasingly shape the relationship between DSOs and
connected parties. Finally, a lack of coherence between policies at
various decision-making levels has been raised as a perceived injustice.

6.2. Policy recommendations

Our study is descriptive in nature and we do not claim that all these
erceived injustices are normatively unjust. However, we identify four

key policy recommendations for policymakers or DSOs who wish to
address these perceptions.

6.3. Revising legacy law and policies

The impact of legacy law and policies on decision-making in the
context of increasing grid congestion emerged as a significant topic in
our interviews. This shows how regulations and policies established in
the past continue to influence decision-making processes, even as new
challenges like grid congestion arise. Our interviews showed that many
actors acknowledge the importance of reviewing and updating these old
rules. They understand that sticking to outdated policies could impede
effective solutions to congestion and might not fully meet the changing
needs of modern distribution grids. To address these issues, policy-
makers could consider revising the legislation and incentives for DSOs
after reevaluating their responsibilities. For example, while economic
stagnation caused by grid congestion is not directly the responsibility
of DSOs under the current institutional structures, it negatively impacts
society, and DSOs are uniquely positioned to address it.
9 
6.4. Reconsidering fundamental trade-offs

Policymakers and DSOs could work together to clearly outline the
undamental trade-offs related to the mitigation of grid congestion.

These may include balancing reliability with costs or accommodating
ew connections while maintaining reliability standards. In order to

outline these trade-offs, DSOs could make the technical constraints
surrounding these trade-offs explicit, and policymakers could consider
alternatives to existing incentive structures and policies. In addition,
national policymakers could factor these fundamental trade-offs into
political decision-making processes. They could also explore the par-
ticipation of society in decision-making concerning these fundamental
trade-offs, as they are increasingly doing through participatory value
valuation approaches for policymaking on the energy transition [66].

6.5. Improving transparency and information provision

National policymakers and DSOs could also prioritize justifying new
decisions and policies to society. Participants noted that, although they
understand the necessity of certain trade-offs, the reasoning behind
some decisions appears to be lacking. A starting point could be to
provide citizens with information on where they are connected in the
grid and the level of congestion in their area. Similar to how navigation
apps provide insight into traffic jams or train delays, this approach
aims to offer visibility into the severity of local-level grid congestion.
Achieving this requires open and concrete communication from DSOs
to affected parties.

Additionally, DSOs could create a ‘‘Frequently Asked Questions’’
webpage that not only provides information about their ongoing projects
nd general activities but also addresses specific questions, such as

‘‘Why is grid operator A allowing the connection of batteries while
grid operator B is not?’’ This would help clarify ambiguities regarding
current legislation and policy and explain how these issues are being
managed during this period of policy development. Such a platform
could also enable people to raise questions and engage in constructive
dialogues about these issues.

6.6. Considering justice in IT development

Our interviews revealed concerns about the design and governance
of IT systems used for managing grid congestion. For example, partici-
pants highlighted the absence of clear policies that guide the allocation
of grid capacity within these systems. Concerns were also raised about
the dependency on private IT companies, which may limit access and
control over critical IT systems. This dependency could hinder actors’
ability to influence and validate design choices, potentially leading
to injustices. Addressing these challenges requires proactive steps to
integrate justice principles into the design and governance of IT systems
for managing grid congestion.

To address these issues, grid operators could establish clear criteria
for the allocation of grid capacity in the operational domain and
integrate these criteria into IT systems. Regular audits and reporting on
the performance of IT systems will improve transparency and account-
ability. Furthermore, setting up continuous monitoring and evaluation
frameworks to assess the impact of IT systems on different actor groups
can help to understand the distributive effects of operational decisions
made by these systems. Finally, promoting the use of open-source
software could reduce the risk of lock-in with private parties and ensure
etter transparency and control over IT systems.

7. Conclusion: the importance of institutional factors

Although grid congestion is increasingly recognized as an important
issue, its societal implications remain underexplored. Our study high-
lights a critical gap in the scientific understanding of these implications.
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The research question that informed this study was what injustices do
actors experience or anticipate when addressing grid congestion in electrical
distribution grids? Our analysis revealed 13 perceived injustices in this
context, categorized into three main themes: (1) injustices arising from
legacy policies, legislation, and social norms; (2) injustices due to
unclear regulations, inconsistent policies, and policy gaps; and (3)
injustices related to changing relationships between DSOs and affected
parties. We found that participants accepted that grid congestion is
inevitable in the current situation. Therefore, the identified perceived
injustices were mainly related to how DSOs and policymakers manage
grid congestion than to the rise of grid congestion itself.

These perceived injustices were underpinned by both distributive
and procedural issues, with several relating to both justice dimen-
ions. We also highlighted the interactions between distributive and
rocedural justice in this study. By making these underlying aspects
xplicit, we offered insights for policymakers to develop targeted policy
olutions. However, we did not study causal interactions between the
ifferent justice dimensions, which could be of interest to fully capture
eal-world complexity [24].

Recognizing the sociotechnical nature of power grids, our analysis
emphasizes that grid congestion cannot be fully addressed by techni-
cal solutions alone. A sociotechnical perspective emphasizes that grid
ongestion is shaped by the complex interplay of technical, social, and
nstitutional factors [67]. Our analysis showed that institutional factors,
uch as regulations, policies, and social norms, significantly influence
erceptions of injustice among participants. Consequently, we support

the call by Sovacool et al. [27] to comprehensively integrate justice
rinciples within the institutional (e.g. regulation, policy, markets,
ocial norms), technical (e.g. physical grid infrastructure, IT systems)
nd social (e.g. community engagement, communication) components
f grid infrastructure.

Although our analysis reveals nuanced insights into the justice
aspects of grid congestion, our study has three main limitations that
hould be addressed in future work. First, this study examined inter-
iews collected from 16 participants and is inherently exploratory in its
pproach. In addition, the findings of this study are influenced and lim-
ted by the Dutch context in which the data were gathered. Interviews
ith different types of participants, such as residential customers with

other educational backgrounds or actors in other countries, especially
non-Western countries where there may be different conceptions of
justice, would enhance our dataset and have the potential to make a
aluable contribution to a broader and more nuanced exploration of
erceptions of injustice in congestion management.

Second, this study focused only on the distributive and procedural
spects of justice. Future studies could more explicitly incorporate
ecognition, restorative, and cosmopolitan justice. Third, our study
aptured perceptions of injustice at a specific point in time. However,
ormative interpretations of justice are not static and evolve in re-
ponse to sociocultural and sociotechnical transitions [64]. Given that
rid congestion is an emerging problem, it is not surprising that we
ound many injustices related to decision-making procedures. Research
n (energy) systems in transition could provide more detailed insight
nto how justice perceptions might change over time as systems mature.

Our study shows the need for future research to deepen our un-
derstanding of the societal implications of congestion management.

e identify two directions for future research. First, future research
ould draw comparisons between grid congestion and other historical
nfrastructure changes, such as the transition to renewable energy or
he transition from coal to natural gas. By examining these historical
recedents, researchers can gain insight into perceptions of justice,

regulatory responses, and societal impacts, which could help develop
ore effective strategies to manage grid congestion. Second, future

esearch could encompass comprehensive studies in other countries,
ach with its own regulatory environments, technology, and societal

contexts.
10 
In conclusion, grid congestion is creating a new divide in the energy
ransition, leading to groups of ‘‘haves and have-nots’’. Given the
everity and expected persistence of grid congestion in countries such as
he Netherlands, studying perceptions of injustice in affected areas can
elp ensure that congestion management promotes justice and supports
n equitable energy transition for everyone.
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