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A B S T R A C T   

Key to the necessary decarbonization of energy systems is the large-scale expansion of renewable energy sources 
and their integration into the electricity system. This integration is challenging because the feed-in from 
renewable energy sources is highly intermittent and largely dependent on uncontrollable factors such as weather 
patterns. To maintain grid stability, which refers to the required balance between demand and supply in the 
electricity system, flexibility is key. Large flexibility potentials can be found on the electricity demand side. 
However, current electricity market design in Europe, while providing major flexibility incentives, often neglects 
small-scale electricity consumers and distributed energy resources. We contribute to shape future electricity 
markets with consumers at the heart by developing six design principles for a consumer-centric electricity market 
design. We proceed by conducting a systematic literature review and evaluate the findings by expert interviews. 
Based on the developed design principles, we define a consumer-centric electricity market design as a set of 
market rules that align with the rules of other relevant energy markets and allow for the efficient matching of 
electricity demand and supply, with consumers having nondiscriminatory market access, being exposed to fine- 
grained price signals, being able to express their preferences, and having sufficient possibilities to protect 
themselves against unexpected price spikes. By actively incorporating consumers into electricity markets, we 
contribute to the overarching goal of integrating renewable energy sources while promoting energy justice, i.e., 
supporting a balanced mix of economic, political, environmental, and social interests.   

1. Introduction 

To meet the 1.5-degree goal outlined in the Paris Agreement, rapid 
decarbonization of the energy sector is essential [1]. Current decar
bonization efforts, however, are insufficient, potentially leading to 
global temperature increases of up to 2.4◦ [2]. As a result, global efforts 
to reduce greenhouse gas emissions need to be significantly enhanced to 
ensure that international climate goals remain attainable and to pre
serve a habitable planet for present and future generations. Intensifying 
decarbonization efforts in the energy sector is complex, necessitating 
far-reaching changes, encompassing the way that electricity is generated 
and consumed [3]. Such changes inevitably impact the economy and 
society at large, raising concerns about balancing the interests, needs, 
and new opportunities of stakeholders in the energy system. This ties 
directly to the concept of energy justice in a future decarbonized world 

[4,5]. 
Regarding electricity generation, a crucial step toward decarbon

ization is the large-scale expansion of renewable energy sources (RES) 
and their integration into the electricity system. This integration is 
challenging due to the highly intermittent feed-in of RES, influenced by 
variable factors such as time of day or season. To maintain the stability 
of the underlying electricity grid, i.e., the balance of electricity demand 
and supply, flexibility is key. In this context, flexibility is defined as the 
ability to swiftly respond to fluctuations in renewable electricity pro
duction and potential forecast errors [6,7]. Sources of flexibility could 
come from the electricity demand side, such as industrial companies, 
household consumers, or distributed energy resources (DER) like elec
tric vehicles. Demand-side flexibility, in this context, refers to the flex
ible adaption of demand patterns, such as shifts in industrial production 
processes or household consumption in response to electricity system 
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needs [8]. Despite the pressing need for DER integration and consumer 
integration for a successful energy transition, outdated regulations often 
prevent small-scale electricity consumers in particular from actively 
participating in many electricity systems.1 

The described global challenges related to RES (and complementary 
demand flexibility from consumers/DERs), are also present in the Eu
ropean Union (EU). The unveiled “Fit for 55” package sets forth ambi
tious climate objectives, such as becoming the world’s first climate- 
neutral continent by 2050 [12]. To achieve this goal, the EU un
derscores the urgency for the rapid and large-scale expansion of RES 
across all member states. The European Commission also highlights the 
vast potential of demand-side flexibility and expressly emphasizes the 
challenge and necessity of placing “consumers at the heart of the energy 
transition” [13]. In its latest consultation document, the European 
Commission indicates that European electricity markets currently fall 
short in meeting new requirements and effectively incorporating new 
energy technologies such as demand-side flexibility [14]. Consequently, 
the European Commission proposes a fundamental overhaul of elec
tricity wholesale markets to better integrate consumers [14]. 

Despite initial measures such as the Block Exchange Notification of 
Demand Response in France [15], many EU electricity consumers have 
limited avenues to offer their flexibility as a grid- or system-stabilizing 
service [16]. This is because European electricity spot markets, 
designed in the 1990s, were initially predicated on the idea that 
controllable electricity supply would align with electricity demand (not 
vice versa) [17]. However, modern electricity markets are pivotal for 
flexibility provision and investments, providing key economic in
centives for consumers to actively monetize their flexibility, i.e., achieve 
cost savings by adjusting their electricity consumption. Ideally, market 
prices should echo the economic value of flexibility at specific times and 
locations, promoting flexibility precisely when and where it is essential 
to address grid congestion or system imbalances. Thus, opening up 
electricity spot markets to all consumers and making market design 
more “consumer-centric” is crucial to fully leverage demand-side flexi
bility. Participating in electricity spot markets offers consumers greater 
autonomy in their electricity purchases, direct access to electricity, and 
control over their temporal consumption behavior, impacting their 
electricity bills and their CO2 footprint [18]. 

Involving consumers into electricity markets is highly nontrivial, as 
it drastically increases the number of players, which complicates the 
process of market clearing or matching demand with supply. New 
challenges also emerge for consumers, as active market participation 
demands consumers to have at least a basic understanding of market 
rules together with a constant monitoring of market dynamics, such as 
electricity prices or the behavior of other market participants. 

Recent deployments of digital technology solutions like smart meters 
or real-time mobile applications, can help in managing the growing 
number of (decentralized) market participants and flexibility assets, 
thus, supporting the tangible implementation of consumer-centric 
electricity markets [19,20]. These digital technology solutions enable 
greater automation of electricity purchases and flexibility marketing, 
acting as a crucial “decision support” for electricity consumers, e.g., by 
making flexibility provision revenues more transparent and under
standable [21,22]. 

Ultimately, successfully opening up electricity markets to all con
sumers and making market design consumer-centric is important, 
allowing electricity consumers to actively contribute to the energy 
transition, e.g., by capitalizing their flexibility and investing in new 
climate-friendly technologies such as heat pumps or electric vehicles 

[23]. This not only promotes the integration of RES (and, thus, the en
ergy transition), but also advances energy justice, i.e., a just and equi
table balance of economic, political, environmental, and social interests 
[5]. This is the case, as the energy transition requires a huge societal 
effort, necessitating the engagement of every stakeholder in the elec
tricity system as described before, i.e., every individual electricity con
sumer [24]. However, the concrete rules for a consumer-centric market 
design (CCMD) need to be chosen judiciously to properly incentivize 
consumers to actively engage in market interactions and respond to 
market signals in both the short and medium terms [25]. Thus, a CCMD 
needs to adhere to certain design principles, outlining the overarching 
goals of consumer-centric electricity markets, from which specific rules 
can be derived. Against this backdrop, we pose the following research 
question: What are design principles for a consumer-centric market 
design in European electricity spot markets? In addressing this research 
question, we contribute to the fields of electricity market design [26–28] 
and energy justice [29–31], fields in which consumer centricity is 
emerging as an essential part of future electricity markets (see also 
Section 2 for more details). 

Our article is structured as follows: Section 2 delves into relevant 
background and related literature regarding challenges of the energy 
transition, the need for consumer engagement, and the different forms of 
energy justice. In Section 3, we present our methodology: We develop 
design principles by conducting a systematic literature review and 
interviewing electricity market-design experts to derive a clear vision of 
future consumer-centric electricity spot markets in Europe. 
Subsequently, in Section 4, we present the developed design principles 
for a CCMD and the resultant definition of a CCMD, discussing how 
these derived design principles contribute to energy justice. Lastly, 
Section 5 draws main conclusions and summarizes the article. 

2. Background and related research 

This section establishes the theoretical foundation for the following 
sections, especially for Section 4, which presents the design principles of 
a CCMD and discusses the contributions of a CCMD to the evolution of 
energy justice. Therefore, in Section 2.1, we illustrate general challenges 
of the energy transition and the importance of CCMD. In Section 2.2, we 
then provide a definition of energy justice and elaborate on its varied 
forms. 

2.1. Challenges of the energy transition 

The energy transition presents challenges to electricity systems 
worldwide. It necessitates the large-scale integration of DER like 
renewable energies in the near future. However, integrating high vol
umes of DER requires appropriate flexibility resources that can accom
modate the intermittency of RES, given their dependency on 
unpredictable factors such as the time of day or season. Flexibility re
sources are instrumental in addressing the unique attributes of 
renewable-based electricity systems, as they assist in balancing inter
mittent electricity supply and demand at all times in the network [8,32, 
33]. A broad range of these flexibility resources already exists today, 
including controllable electricity generators, storage technologies, 
sector coupling, grid upgrades, and controllable loads such as consumer 
devices or industrial processes [17]. Demand-side flexibility is especially 
gaining traction due to its relatively low cost compared to large-scale 
storage technologies or grid expansions [32]. Moreover, demand flexi
bility does not face public acceptance challenges or protracted admin
istrative approval processes. The flexibility potential of households and 
consumer devices, including electric vehicles and heat pumps, is pro
jected to reach up to 162.4 TWh by 2050 in Germany [33]. Harnessing 
this vast flexibility potential will require the inclusion of small-scale 
electricity consumers in electricity systems, empowering these cus
tomers to optimize their flexibility in line with electricity system 
requirements. 

1 Notwithstanding the general problem of outdated regulation, first examples 
to leverage demand-side flexibility on various electricity and flexibility markets 
can be found [9] for instance in Australia in the form of a Wholesale Demand 
Response Mechanism [10] or in Great Britain in the form of a Demand Flexi
bility Service [11]. 
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Despite the need for leveraging demand-side flexibility, many small- 
scale electricity consumers in Europe, especially households or indi
vidual devices, remain sidelined from market interactions due to 
outdated regulations or market designs [34]. While the role of electricity 
consumers has strengthened over the years, exemplified by increased 
freedom in choosing electricity suppliers, electricity consumers “behind 
the meter” remain largely outside the competitive space in electricity 
markets in Europe [3]. This exclusion is problematic, as it prevents 
consumers from reacting to market signals or profiting from their flex
ibility, leading to untapped flexibility potentials. 

2.2. The need for a consumer-oriented market design 

Electricity market design is critical to overcoming current barriers to 
consumer participation, as it can potentially open the market to small- 
scale electricity consumers and lower entry barriers, especially 
regarding offering flexibility on electricity markets. A future-oriented 
market design might recognize flexibility “as a service”, generating 
monetary incentives for electricity consumers. 

However, market design is not only about granting market access to 
electricity consumers, but also about creating the right incentives for 
active engagement and a far-reaching flexibility provision. By using the 
term market design, we primarily focus on the design of European 
electricity spot markets, but also consider possible ramifications for 
other markets, such as balancing markets or futures. Notably, spot 
markets set central price signals for futures markets [35]. In general, 
market design is a set of rules that structures interaction and information 
exchange to facilitate transactions [36]. While some electricity con
sumers, such as energy-intensive industries, can already participate in 
most of today’s markets, their participation underscores the need to 
expand the scope of market design beyond mere market access: Despite 
potential access, many electricity-intensive companies in Germany 
largely avoid active flexibility provision. This is because market signals 
are heavily skewed by levies, taxes, and outdated regulations, which 
sometimes even penalize flexibility provision by these companies [37]. 
Simply opening electricity markets to small-scale consumers such as 
households or DER will not fully realize their flexibility potential unless 
the market design encourages active flexibility provision and simulta
neous deployment of/investment in facilitating technologies. Hence, 
market design should be “consumer-centric”, focusing not only on 
market access, but also on setting targeted incentives for active con
sumer engagement in the short and medium terms. 

2.3. Forms of energy justice 

Transitioning to a decarbonized electricity system with net-zero 
emissions is a multifaceted endeavor, affecting various electricity sys
tem stakeholders including policymakers, investors, and consumers. 
Addressing and balancing the diverse economic, environmental, and 

political interests of these stakeholders emerges as a crucial challenge in 
electricity market design, termed the “energy trilemma” [5,38]. The 
energy trilemma is often visualized as a triangle, with economic (e.g., 
amortization of investments and affordability of electricity), environ
mental (e.g., decarbonization and climate change mitigation), and po
litical (e.g., security and affordability of supply) dimensions at the 
vertices. Energy justice is located in the center of this triangle, striving 
for a just and equitable balance between the three dimensions of the 
energy trilemma [5] (see Fig. 1). By targeting a just and equitable bal
ance, energy justice extends beyond economic efficiency or the opti
mization of the interplay of the different interests [5]. Instead, energy 
justice aims to cater to society’s members, including small-scale elec
tricity consumers and DER, ensuring a habitable environment for pre
sent and future generations. Consequently, energy justice leans on 
related areas such as environmental and climate justice, but with a clear 
directive to derive actionable policy implications for solving the energy 
trilemma [39–41]. 

Given its focus on policy implications and practical implementation, 
energy justice serves as a pivotal driver in shaping upcoming electricity 
markets and rectifying past “policy failures” [37,42]. In this context, 
energy justice seeks to derive policy implications that address collapsed 
incentives, abandoned projects, missteps, and misguided decisions [42]. 
One such corrective measure might involve enhancing consumer inte
gration in electricity markets, a facet that was not central to political 
discourse when the current market design was established. Energy jus
tice is now pushing for greater fairness, equality, equity, and inclusivity 
for electricity consumers in political decision-making, ensuring that 
justice becomes the cornerstone of future electricity markets [42]. 
Conversely, upcoming electricity market designs need to explicitly 
encompass energy justice in its five distinct forms, as follows [5,39]: 

• Distributive justice focuses on the fair distribution of environ
mental benefits and ills from a physical perspective, but also on their 
associated responsibilities, as well as economic returns.  

• Procedural justice aims at establishing processes that are open for 
all stakeholders in a non-discriminatory way.  

• Recognition justice refers to equal rights of all stakeholders and the 
absence of physical threats or any other undue influence in decision- 
making.  

• Restorative justice stipulates the rectification of any injustice 
caused in energy systems, e.g., by the means of legal arbitration 
procedures.  

• Cosmopolitan justice states that every member of society must 
contribute a “fair share” in reaching common goals like the energy 
transition – also beyond national borders. 

3. Method 

To address our identified research gap, we employ the design science 

Fig. 1. Energy justice aims at balancing the energy trilemma according to Heffron et al. (2015).  

A. Michaelis et al.                                                                                                                                                                                                                              



Renewable and Sustainable Energy Reviews 191 (2024) 113817

4

research (DSR) approach outlined by [43] and adopt the design science 
research methodology (DSRM) by [44], which comprises six iterative 
phases: problem identification, objectives of a solution, design and 
development, demonstration, evaluation, and communication (see 
Fig. 2) [44]. 

3.1. Problem identification and motivation 

In line with the chosen research method, we begin by identifying a 
problem of practical relevance. As highlighted in the previous sections, 
especially small-scale electricity consumers and DERs are not actively 
integrated into current electricity markets. Our motivation is to open 
electricity markets for all consumers and to make the market design 
more “consumer-centric”. 

3.2. Objectives of a solution 

Next, we define the objectives of a potential solution to the identified 
problem. The potential solution should support the integration of con
sumers and in this way foster energy justice. It should also contribute to 
the energy transition and a future decarbonized energy system. 

3.3. Design and development 

As part of the design and development phase of design principles for a 
CCMD, we conduct a systematic literature review in line with [45–47] 
(see Fig. 3). We employ the methodology of a systematic literature re
view, as this allows us to reflect upon the body of published research. 

Following the guidelines by [45–47], we (1) define the search term, (2) 
search in data base, (3) select relevant articles, (4) analyze articles, and 
(5) present results. 

In defining the search term (1), we consider three components, 
resulting in the following search string: 

(“DER” OR “distributed energy resources” OR “consumer” OR 
“consumer-centric” OR “consumer centric” OR “behind the meter”) AND 
(“electric*” OR “power”) AND (“market design” OR “market 
engineering”) 

For our database (2), we select Scopus because it is one of the largest 
abstract and citation databases for peer-reviewed literature. The initial 
search in June 2022 returned 303 articles. We then conduct title, ab
stract, and full-text screening (3). We exclude articles that do not 
concern day-ahead, intraday, or balancing markets, i.e., local electricity- 
or flexibility markets, or peer-to-peer trading. However, we include 
papers on retail markets, because they are closest to consumers and we 
also include papers addressing prosumers, because they will continue to 
play an important and active role in the future electricity market [48]. 
After the title and abstract screening, 39 articles remain for detailed 
full-text reading (see Fig. 4). A forward-backward reference search 
yielded eight additional relevant articles. We then analyze the chosen 
articles (4) and develop the initial design principles for a CCMD (5). 

To formulate the design principles for a CCMD, we adapt the scheme 
of [49] for developing design principles. We express the design princi
ples in words as follows: 

Design Principle Name: For an Implementer to achieve or allow for an 
Aim for a User in a Context, employ Mechanisms M1, M2, …Mn involving 
Enactors E1, E2, …En [49]. 

Fig. 2. Components of the DSRM process according to Peffers et al. (2007).  

Fig. 3. Systematic literature review process according to Wolfswinkel et al. (2013).  

Fig. 4. Paper screening process.  
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3.4. Demonstration 

As part of the demonstration, we illustrate the impact of CCMD on 
energy justice in Section 4. 

3.5. Evaluation 

To enhance the projectability of the design principles, we evaluate 
and refine the design principles through iterative evaluation cycles. For 
this, we conduct qualitative, semi-structured expert interviews, 
adhering to the recommendations of [50,51]. We use these expert in
terviews as a blind evaluation to mitigate bias [52]. Our interviews are 
guided by a questionnaire featuring open questions, such as “What do 
you understand by CCMD?”, “How should a CCMD be designed?”, and 
“What measures are needed to implement a CCMD in practice?”. We 
pre-tested the guiding questionnaire before conducting the expert in
terviews. Regarding our interview partners, we target experts in Euro
pean electricity market design. In addition to researchers that work in 
this very innovative and emerging field, we also interviewed experts 
from market and system operation sectors. We observed that no addi
tional insights regarding our design principles for a CCMD were pro
vided in the last three interviews. Hence, we conclude the interview 
process. Of the 15 interviewed experts in European electricity market 
design, we interviewed five experts in person and ten experts via video 
call. The interviews lasted from approximately half an hour to 1 h. 
Table 1 presents an overview of the interviewed experts, their business 

domain, their job title, and the interview style. 
[53] suggest that saturation is typically reached at between 11 and 

20 interviews. After this number, the value of additional interviews 
decreases [53]. We achieved this recommended interview count. All 
interviews were audio-recorded and transcribed, allowing us to align the 
responses with our literature-based design principles. In an iterative 
process, we re-evaluate the design principles for a CCMD and their im
plications for energy justice. Section 4 presents the final design princi
ples, and discusses their implications for energy justice. 

3.6. Communication 

In Phase 6, we share our findings through this article, thereby 
disseminating our research findings, especially our design principles for 
a CCMD and their implications for energy justice. 

4. Toward a consumer-centric market design 

Based on our systematic literature review and further validated 
through expert interviews, we present our developed six design princi
ples for a CCMD in Section 4.1. Following this, Section 4.2 provides a 
definition of a CCMD. 

4.1. Design principles for consumer-centric market design 

For an enhanced utilization of RES, it is essential that electricity 
markets are open to all consumers and ensure consumer-centricity. Such 
openness and centricity would enable consumers to sell their self- 
generated electricity and/or offer flexibility in their electricity con
sumption. In this regard, the specific design choices for a CCMD must be 
carefully selected to ensure the right incentives are in place. Here, we 
present our design principles for a CCMD. 

Fig. 5 illustrates the six derived design principles for a CCMD with 
the overall aim to integrate DER and RES into the system. 

In Table 2, we provide a more detailed overview of the developed 
design principles for a CCMD. In the sections that follow, we present the 
design principles, as stated in Section 3, in the following scheme adopted 
from [49]: Design Principle Name: For an Implementer to achieve or allow 
for an Aim for a User in a Context, employ Mechanisms M1, M2, …Mn 
involving Enactors E1, E2, …En.  

Design Principle 1: Openness to new market players, low mar
ket entry barriers, and low transaction costs. 

The first design principle we developed for a CCMD states that a 

Table 1 
Overview of the interview partners.  

ID Business Domain Job title Interview style 

# 1 Research Institute Senior Researcher In person 
# 2 Market and System Operation Senior Professional Via video call 
# 3 Research Institute Researcher In person 
# 4 Research Institute Senior Researcher In person 
# 5 Market and System Operation Senior Professional Via video call 
# 6 Research Institute Senior Researcher In person 
# 7 Market and System Operation Consultant Via video call 
# 8 Research Institute Researcher In person 
# 9 Market and System Operation Team Lead Via video call 
# 10 Research Institute Researcher Via video call 
# 11 Market and System Operation Professional Via video call 
# 12 Research Institute Researcher Via video call 
# 13 Market and System Operation Professional Via video call 
# 14 Research Institute Researcher Via video call 
# 15 Research Institute Researcher Via video call  

Fig. 5. Key design principles of a future-proof CCMD.  
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CCMD should be open to new market players and that market entry 
barriers and transaction costs for participation must be low. It is for 
instance crucial that there is a low entry threshold (e.g., small minimum 

trading volumes) and as little complexity as possible in order for the 
CCMD to gain acceptance and, consequently, generate active partici
pation from consumers. Transaction costs are relevant at various levels. 
For example, the knowledge requirements should not be excessive, 
participation should be possible with minimal time and effort, and the 
monetary costs of participation should be kept to a minimum. 

Granting access to wholesale electricity markets for small electricity 
consumers and automated consumer devices such as DER (M1) is an 
example to achieve this design principle. The integration and encour
agement of aggregators (M2) and prosumers (M3) to participate in 
electricity markets further ensures that the CCMD remains open to new 
market players. Market transparency (M4) is essential for low- 
complexity participation, implying that market players should have 
access to pertinent market-related information to actively engage in the 
electricity market. 

To implement a CCMD, adjustments at the regulatory level are 
necessary. For example, consumers have to be legally empowered to 
participate in the wholesale electricity market (E1). Additionally, other 
enactors that make market participation easier are digital applications 
and smart devices, like smart meters, with which it is possible to use 

newly generated and necessary data (E2). To gain insights into the ex
pected behavior of other, new market players, approaches from behav
ioral economics may be employed (E3). 

Design Principle 2: Expression of consumer preferences. 
The second design principle concerns the ability to express prefer

ences (and constraints) of consumers. Recognizing that consumers might 
not have singular preference, it becomes in consequence essential to 
offer a range of resulting trading alternatives. 

The first mechanism for manifesting these consumer preferences is 
the provision of adequate bidding languages suitable for all partici
pating market players and assets (M1). The second mechanism involves 
offering different trading products tailored to the preferences of market 
participants (M2). Drawing an analogy from the telephone industry, 
there are now flat rates that grant users unlimited calls at any time. In 
the past, contracts charged users more for calls between 8 a.m. and 8 p. 
m. compared to after 8 p.m. In the context of a CCMD, this could 
translate to some products with no temporal or spatial constraints, while 
other products offer broader flexibility in electricity consumption over 
time. In addition, there could be, for example, tariffs replicating green 
electricity surplus in the grid. 

To achieve the expression of consumer preferences, digital technol
ogies are required, especially to assist in the bidding and selection of 
trading products with high temporal resolution (E1). Moreover, as new 

Fig. 6. How the flexibility of certain consumer groups can reduce overall price levels with benefits for all. The two figures display electricity supply and demand 
curves across two time periods. Their intersection determines the electricity prices p and traded quantities x. As illustrated, a reduction in electricity demand, i.e., 
flexibility supply, diminishes prices in Period 1 for all consumers without increasing prices in Period 2 and harming other consumers. The red line indicates inflexible 
demand in the two periods, respectively. 

Exemplary Potentials of Design Principle 1 to Foster Energy Justice 
Currently, regulatory measures and market design often hinder the integration of consumers into the system, e.g., consumers cannot sell electricity from their photovoltaic (PV) 
system on the roofs of their respective household on markets. Thus, the CCMD addresses the question of how these currently excluded consumers can also become an active part of the 
market. Against this backdrop, the first design principle for the CCMD, “Openness to new market players, low market entry barriers, and low transaction costs”, carries direct 
implications for energy justice. Returning to the different forms of energy justice, it is evident that by opening the market to new players, all consumers could potentially participate 
in the market. This would advance recognition justice, because the CCMD can establish equal rights for all consumers, including, e.g., those in structurally weak regions. At the same 
time, the design principle would also contribute to procedural justice, as the CCMD builds on processes that are open to all consumers in a non-discriminatory manner. In addition to 
that, the CCMD enables every individual to contribute to the energy transition and, thus, cosmopolitan justice also plays a significant role. Distributive justice also holds significance, 
as low market entry barriers and transaction costs can generally permit every individual to participate and share benefits, e.g., from flexibility marketing. It is worth noting that while 
the installation of a PV system on the roof or the purchase of an electric vehicle for the storage of electricity is typically feasible for affluent individuals, especially in the Western 
world also poor households have in many cases at least some flexibility potentials, e.g., a dishwasher, cooling system, or balcony power plant. Moreover, we emphasize that 
exploiting the flexibility of some consumer groups (which may, e.g., be "wealthier" households) can already yield monetary benefits for less flexible consumers (possibly poorer 
households) in the form of overall reduced price burden. This dynamic is depicted in Fig. 6, which highlights the price-reducing effect for all consumers using a simplified two-period 
market. Notwithstanding these effects, it is highly important to identify further opportunities for financially vulnerable consumers to actively participate on future markets without 
fearing to be harmed by, e.g., unexpected price spikes. In this context, restorative justice and potential CCMD-driven legislation can serve as initial steps to further involve these 
financially vulnerable consumers as directly addressed by design principle 3.   
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bidding languages and trading products are introduced, the market 
clearing processes have to adapt, necessitating modifications to the 
market-clearing algorithm (E2).  

Exemplary Potentials of Design Principle 2 to Foster Energy Justice 
In the following we examine the implications for energy justice of the design 
principle ”Expression of consumer preferences”. Specifically, articulating 
preferences through comprehensive bidding languages and aligned trading products 
that reflect individual needs and preferences allows to supply services like flexibility 
in a best-possible way. This enhances the active participation of consumers, thereby 
advancing to distribute justice. Expounding further, this principle offers parity to all 
electricity consumers, e.g., industry, household, DER, etc. This ensures no 

(continued on next column)  

(continued ) 

prejudicial treatment toward, for example, small-scale electricity consumers. 
Consequently, recognition justice is strongly supported by this design principle. 
Ultimately, consumers can contribute even more strongly to the energy transition 
according to their own wishes, and, thus, the expression of consumer preferences 
also provides a contribution to cosmopolitan justice.  

Design Principle 3: Insurance against sudden and unexpected 
price spikes and system imbalances. 

The third design principle for a CCMD emphasizes protection against 

Table 2 
Design principles for a CCMD.  

Design Principle Formulation of the Design Principle 

Openness to new market players, low market entry 
barriers, and low transaction costs 

For market designers to achieve or allow for openness to new market actors in future consumer-centric electricity spot 
markets, employ Mechanisms  
• M1: Grant access to small-scale electricity consumers and automated consumer devices like DER on wholesale 

electricity markets [29,32–35,39–43,46–53]  
• M2: Foster the emergence and participation of aggregators in electricity markets [58–66]  
• M3: Foster the emergence and participation of prosumers in electricity markets [63,64]  
• M4: Market transparency: Access to market information and the behavior of other market players 
involving Enactors  
• E1: Grant consumers the legal right to participate in electricity wholesale markets [62,65,66]  
• E2: Make use of newly generated data by smart devices such as smart meters to facilitate market participation, i.e., 

make it user friendly [62,65,67,68]  
• E3: Behavioral economics research allows to obtain insight into the anticipated behavior of new market actors on 

electricity wholesale markets [65] 
Expression of consumer preferences For market designers to achieve or allow for the expression of consumer preferences in future consumer-centric 

electricity spot markets, employ Mechanisms  
• M1: Adequate bidding languages for all participating market actors and assets  
• M2: Trading products that reflect the needs and preferences of market players, e.g., small-scale trading products, 

green electricity products [24] 
involving Enactors  
• E1: Digital technology solutions to support the submission of bids and selection of trading products with high 

temporal resolution  
• E2: Adaption of market clearing processes to account for new bidding languages and trading products, i.e., adaption 

of market clearing algorithm 
Insurance against sudden and unexpected price spikes and 

system imbalances 
For market designers to achieve or allow for an insurance against sudden and unexpected price spikes or system 
imbalances in future consumer-centric electricity spot markets, employ Mechanisms  
• M1: Insurance mechanism for vulnerable electricity consumers (“primary care”) [69,70]  
• M2: Emergency measures in case of system imbalances to grant security of supply at all times 
involving Enactors  
• E1: Investigate consumer risk preferences [69]  
• E2: Enhanced forecasting for price developments  
• E3: Risk analysis and scenario-modeling for emergency cases  
• E4: Aggregator for consumer groups that cannot manage the risks themselves 

Exposure to price signals For market designers to achieve or allow for an increased exposure of electricity consumers to wholesale price signals in 
future consumer-centric electricity spot markets, employ Mechanisms  
• M1: Allow for new business models to exploit price fluctuations [58,59,62,63,71–79]  
• M2: Incentivize “behind-the-meter” investments [79,80] 
involving Enactors  
• E1: Digitization of assets, smart metering and automated energy management systems to guide demand response [63, 

75,81]  
• E2: Amendment of tariff structure to avoid price distortions and increase price transparency [62]  
• E3: Dynamic price signals and peak-time pricing [62,77,82] 

High temporal and regional granularity of electricity prices For market designers to achieve or allow for high temporal and regional granularity for price signals in future consumer- 
centric electricity spot markets, employ Mechanisms  
• M1: Representation of transmission and distribution constraints in electricity prices [36,71,80,83–87]  
• M2: Calculation of prices at a temporally fine-grained basis 
involving Enactors  
• E1: Shorter trading periods close to real-time [85,87,88]  
• E2: Introduction of nodal prices  
• E3: More frequent intraday auctions [86] 

Interoperability with other (related) markets For market designers to achieve or allow for interoperability with other (related) markets in future consumer-centric 
electricity spot markets, employ Mechanisms  
• M1: Interoperability with balancing markets [27,39,40,43,47,61]  
• M2: Interoperability with (local) flexibility markets [16,67]  
• M3: Interoperability with (local) energy markets and peer-to-peer platforms [47,49,62,63]  
• M4: Interoperability with other European spot markets [65,70] 
involving Enactors  
• E1: Agent-based simulations or other types of simulations to investigate the interactions of different markets [66]  
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unforeseen price spikes and system imbalances. The goal of this design 
principle is to shield consumers from excessive volatility, monetary 
burden, and damage – notwithstanding the fact that DERs may take on 
some level of price risk that is manageable for them in future. We note 
that this design principle is key to successfully allow a broad range of 
(small) consumers to actively participate at markets. 

Given this context, the CCMD should incorporate insurance mecha
nisms to safeguard vulnerable electricity consumers (M1). This entails 
ensuring that financially vulnerable consumers consistently have access 
to a basic electricity supply at affordable rates, fostering societal 
acceptance and support for the transformation. In addition, security of 
supply must be ensured for every citizen at all times, including emer
gency measures in the case of extreme situations and imbalances (M2). 

To identify a suitable insurance, it is essential to examine consumers’ 
risk preferences and the extent of risk manageability (E1). Another 
enactor is the enhancement of price development forecasting (E2). 
Further, to ensure preparedness for emergencies, another measure for 
insurance is corresponding scenario modeling for emergency cases (E3). 
Finally, we note that historically, classical electricity suppliers acted as 
intermediaries, absorbing the risk with tariffs that did not directly 
transfer price peaks or fluctuations to end consumers on a 1:1 basis, 
incurring an extra charge for this service. In the case of future end 
consumers who actively feed in electricity or offer flexibility, the risk of 
price peaks may be assumed by an aggregator for consumer groups that 
cannot manage their own risks. This implies that traditional electricity 
suppliers could transition into aggregators, or new aggregators might 
arise to serve these specific consumer groups (E4).  

Exemplary Potentials of Design Principle 3 to Foster Energy Justice 
For our third example, we explore the design principle titled “Insurance against 
sudden and unexpected price spikes and system imbalances”. The insurance 
against sudden and extreme price spikes supports recognition justice, as all players 
have the same rights, and nobody needs to be exposed to a greater risk involuntarily. 
Regarding consumers who feed in electricity or offer flexibility, the risk of price 
peaks could be assumed by either an aggregator (compensated with an appropriate 
fee) for consumer groups unable to navigate risks independently or directly by 
consumers equipped with adequate risk management capabilities. This encourages 
broader consumer participation, thus bolstering distributive justice.  

Design Principle 4: Exposure to price signals. 
CCMD should also enable consumers to respond to wholesale price 

signals, a benefit they cannot currently derive in many real-world 
markets. 

One mechanism to enable the exposure of consumers to price signals 
(in “normal” market situations) relates to new business models suitable 
for exploiting growing price fluctuations. Examples include new busi
ness models of power exchange operators or electricity suppliers as 
highlighted in Section 4.1.3 (M1). Along with this, it is also necessary to 
create incentives for corresponding investments “behind the meter”, 
including PV systems, electric vehicles, home storage, and heat pumps 
(M2). 

In this context, digitization plays a vital role. Measures that may 
result in and enable increased exposure to price signals include, for 
example, smart metering systems and automated energy management 
systems for demand response (E1). Furthermore, to avoid price distor
tions and increase price transparency, tariff structures may have to be 
amended, e.g., tariffs and network charges may have to be reduced or 
made more dynamic (E2). In particular, dynamic price signals or peak- 
time pricing can offer market players an excellent opportunity to 
respond to price signals (E3).  

Exemplary Potentials of Design Principle 4 to Foster Energy Justice 
The design principle “Exposure to price signals” has implications for energy 
justice. 
First, this design principle contributes to procedural justice by granting all 
consumers the possibility of being exposed to price signals in a transparent and non- 
discriminatory manner. 
Second, the design principle further supports recognition justice, as it provides 

(continued on next column)  

(continued ) 

equal rights to all market actors. For example, industrial consumers who are already 
active on wholesale markets and household consumers who are currently excluded, 
obtain equal rights for market participation. Third, cosmopolitan justice is 
influenced by this design principle. Through voluntary exposure to price signals, 
consumers contribute to the energy transition in the sense of cosmopolitan justice as 
they adjust their consumption patterns based on renewable feed-in. Flexibility is one 
method of alignment with the feed-in, where consumers may shift their 
consumption from high price periods to more affordable ones.  

Design Principle 5: High temporal and regional granularity of 
electricity prices. 

Another design principle for a CCMD concerns the high temporal and 
regional granularity of electricity prices. This principle is of particular 
importance due to the variability and decentralization of intermittent 
electricity generation. 

One mechanism to address this involves representing transmission 
and distribution constraints within electricity prices (M1). In addition, 
prices must be calculated based on at a fine-grained temporal basis (M2). 

To realize this, various strategies can be employed, such as shorter 
trading products close to real-time (E1) or the introduction of nodal 
prices (E2), or more frequent intraday auctions (E3). Such strategies are 
essential to ensure the proper integration of DERs and to mitigate the 
forecast uncertainty risk.  

Exemplary Potentials of Design Principle 5 to Foster Energy Justice 
The design principle “High temporal and regional granularity of electricity 
prices” fosters cosmopolitan justice by enabling market participants to contribute 
their “fair share” to the energy transition. Specifically, temporally and regionally 
fine-grained market prices guide the behavior of market participants in alignment 
with regional and temporal availability of renewable energies. High temporal and 
regional granularity in electricity prices may also incentivize future investments in 
renewable energies in regions where such investments have been neglected in the 
past. 
Electricity prices characterized by high temporal and regional granularity enhance 
transparency regarding current system needs, thus, promoting procedural justice. 
For instance, high temporal granularity facilitates close to real-time market 
participation for all electricity consumers. Consequently, these electricity 
consumers can promptly respond to price signals, leveraging temporal price 
variations with high accuracy and thereby maximizing returns on flexibility 
measures. This approach ultimately advances distributive justice.  

Design Principle 6: Interoperability with other (related) 
markets. 

The final design principle we derive for a CCMD pertains to inter
operability with other markets. It is pertinent to emphasize that the first 
design principle - the ease of consumer participation in the market - has 
to be considered in this design principle. 

Possible mechanisms encompass interoperability with balancing 
markets (M1), (local) flexibility markets (M2), (local) energy markets or 
peer-to-peer platforms (M3), or other European spot markets (M4). 

To investigate the interplay between different markets, agent-based 
or other simulation types may be valuable in assessing such interoper
ability (E1). However, it is important that the interaction among various 
markets does not add unmanageable complexity for market players.  

Exemplary Potentials of Design Principle 6 to Foster Energy Justice 
The design principle “Interoperability with other (related) markets” contributes 
to various forms of energy justice. Regarding procedural justice, the design 
principle facilitates the active participation of consumers in several, well-integrated 
electricity markets, such as day-ahead or redispatch markets. Consumers are free to 
choose on which market they want to purchase electricity and can easily transition 
between markets. By integrating various markets, the design principle 
“Interoperability with other (related) markets” creates transparency and allows 
electricity consumers to simultaneously participate in different markets in a non- 
discriminatory manner. Furthermore, this design principle enhances distributive 
justice, as it allows for a more balanced distribution of economic benefits across the 
various markets. For instance, the close integration of various electricity markets 
may reduce the evolution of market power in one specific market, preventing the 
exploitation of consumers in that market, a phenomenon known as inc-dec gaming. 
Finally, this design principle fosters recognition justice by granting equal rights to 

(continued on next page) 
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(continued ) 

all electricity consumers across markets. The design principle harmonizes market 
rules in a way that does not provide consumers with more or less rights depending 
on the market they participate in. As a result, the rights for different groups in 
society are equally recognized in all markets, including the right of all consumers to 
participate in all electricity markets.  

The above examples clearly illustrate that a CCMD has major bene
ficial implications for energy justice, and, thus, the implementation of a 
CCMD would be a major step toward a just electricity system. 

4.2. Deriving a definition of consumer-centric market design 

Building on the six design principles we developed for a CCMD, we 
arrive at the following definition for a CCMD that incorporates the 
characteristics of a future-proof CCMD as a key building block for a deep 
decarbonization: 

Consumer-centric electricity market design is a set of market rules that are 
consistent with the rules of other relevant energy markets and allow efficiently 
matching electricity demand and supply, with consumers having nondis
criminatory market access, being exposed to fine-grained price signals, being 
able to express their preferences, and having sufficient possibilities to protect 
themselves against unexpected price spikes. 

5. Conclusion 

To achieve global climate objectives and the specific targets estab
lished by national governments, such as net-zero and deep decarbon
ization, the proportion of RES must escalate rapidly. This will inevitably 
make electricity generation highly decentralized and intermittent. 
Simultaneously, there is a surge in the number of especially small-scale 
flexibilities, such as electric vehicles and heat pumps, which are 
currently unable to actively engage in electricity markets. A consumer- 
centric market design (CCMD) integrates consumers and contributes to a 
decarbonized and just energy system. A CCMD not only empowers 
consumers with especially small-scale assets to sell their self-generated 
electricity on the market, but also amplifies the system’s flexibility by 
influencing electricity consumption patterns. Over the medium term, 
this leads to incentives for additional flexibility investments. 

The precise design options for a CCMD need to be chosen carefully. 
These design options have to appropriately incentivize consumers to 
actively engage in market interactions. To this end, we have outlined six 
design principles for a CCMD: (1) openness to new market players, low 
market entry barriers, and low transaction costs; (2) expression of con
sumer preferences; (3) insurance against sudden and unexpected price 
spikes and system imbalances; (4) exposure to price signals; (5) high 
temporal and regional granularity of electricity prices; and (6) inter
operability with other (related) markets. 

Shifting the focus of future market design to the consumer side 
inherently brings forth questions of energy justice. In this article, we 
discuss the implications of a CCMD for energy justice. The energy 
transition intersects with the various interests of stakeholders in the 
electricity system, e.g., economic, environmental, and political interests. 
A CCMD is one important means to create a balance between these in
terests by fostering energy justice. For example, the first design principle 
concerning “openness to new market players, low market entry barriers, 
and low transaction costs” highlights the significant positive effect of a 
CCMD on energy justice. This design principle affects recognition jus
tice, procedural justice, cosmopolitan justice, distributive justice, and 
restorative justice. Notably, the opening of CCMD to all market players is 
a major step towards a just and decarbonized energy system as described 
in this article. Overall, CCMD can foster different forms of energy justice 
with its design principles. At the same time, energy justice can be a 
booster for a successful CCMD and correct for past policy injustice and 
corresponding failures. Therefore, it is important not to focus on one 

CCMD design principle or on one energy justice form, but to consider 
and investigate all of them together and from an integrated perspective. 

To put it in a nutshell, this article provides a comprehensive exam
ination of the CCMD concept including the development of design 
principles for a CCMD, the presentation of a definition of a CCMD, and 
the discussion of implications of a CCMD for energy justice. Further 
research could explore how small-scale electricity consumers in partic
ular make their buy or sell decisions, how their preferences are formed, 
or how electricity consumers should be protected against sudden price 
spikes under different circumstances using concrete policy instruments. 
Moreover, future research could focus on developing specific incentives 
and designing corresponding measures for financially vulnerable in
dividuals that help realize design principle 3 “Insurance against sudden 
and unexpected price spikes and system imbalances”. In addition, 
further research could also explore how digital technologies might 
enhance and enable a CCMD. A concrete case study could be used to 
derive an agenda for necessary policy changes in various countries that 
will help these countries advance a CCMD. In this way, a CCMD can 
serve as an important backbone for a future low-carbon and equitable 
society. 
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[21] Körner M-F, Bauer D, Keller R, Rösch M, Schlereth A, Simon P, et al. Extending the 
automation pyramid for industrial demand response. Procedia CIRP 2019;81: 
998–1003. https://doi.org/10.1016/j.procir.2019.03.241. 

[22] Hanny L, Korner M-F, Leinauer C, Michaelis A, Struker J, Weibelzahl M, 
Weissflog J, et al. How to trade electricity flexibility using artificial intelligence: An 
integrated algorithmic framework. In: Proceedings of the 55th Hawaii 
International Conference on System Sciences (HICSS); 2022. http://hdl.handle. 
net/10125/79773. 

[23] Patnam BSK, Pindoriya NM. Demand response in consumer-Centric electricity 
market: mathematical models and optimization problems. Elec Power Syst Res 
2021;193:106923. https://doi.org/10.1016/j.epsr.2020.106923. 

[24] Oliveira C, Botelho DF, Soares T, Faria AS, Dias BH, Matos MA, et al. Consumer- 
centric electricity markets: a comprehensive review on user preferences and key 
performance indicators. Elec Power Syst Res 2022;210:108088. https://doi.org/ 
10.1016/j.epsr.2022.108088. 

[25] Pinson P, Baroche T, Moret F, Sousa T, Sorin E, You S. The emergence of consumer- 
centric electricity markets. Distrib Util;34(12):27–31. 

[26] Cramton P. Electricity market design. Oxf Rev Econ Pol 2017;33(4):589–612. 
https://doi.org/10.1093/oxrep/grx041. 

[27] Hu J, Harmsen R, Crijns-Graus W, Worrell E, van den Broek M. Identifying barriers 
to large-scale integration of variable renewable electricity into the electricity 
market: a literature review of market design. Renew Sustain Energy Rev 2018;81: 
2181–95. https://doi.org/10.1016/j.rser.2017.06.028. 

[28] Parag Y, Sovacool BK. Electricity market design for the prosumer era. Nat Energy 
2016;1(4):1–6. https://doi.org/10.1038/nenergy.2016.32. 

[29] Domegni K, Azouma YO. Productive uses of energy: a solution for promoting 
energy justice in rural areas in West Africa. Renew Sustain Energy Rev 2022;160: 
112298. https://doi.org/10.1016/j.rser.2022.112298. 

[30] Upham P, Sovacool B, Ghosh B. Just transitions for industrial decarbonisation: a 
framework for innovation, participation, and justice. Renew Sustain Energy Rev 
2022;167:112699. https://doi.org/10.1016/j.rser.2022.112699. 

[31] Heffron RJ. Applying energy justice into the energy transition. Renew Sustain 
Energy Rev 2022;156:111936. https://doi.org/10.1016/j.rser.2021.111936. 
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