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Abstract

This paper aims to identify and classify the challenges and issues faced by the energy
sector in digitizing distributed energy operation and services using digital platforms. It
contributes to two fields: information systems (IS) in the domain of platforms ecosys-
tems and digital services innovation and the field of energy informatics in the domain
of digital business models and service innovation. Through a systematic literature
review, we investigate current research on digitalization and digital platforms in the
context of electrical energy services and identify challenges and areas for future
research. The key challenges are then classified into two categories, each with three
subcategories: Architectural challenges, including aspects of design, ecosystem man-
agement, and agility and openness; and business and regulatory challenges, includ-
ing contracts and relationship management, business models, and standards. The
main limitation of this study is that it does not focus on a specific geographic domain,
which means that the results are somewhat general and may not be applicable to
certain countries or regions. The paper concludes with recommendations for future
research directions in the digitalization and platformization of the energy sector in all
six-sub-areas.

Keywords: Digitalization, Decentralization, Platformization, Distributed energy
resources, Ecosystem

Introduction

The core motivation of this paper is the fact that organizations in the electrical energy
sector are transitioning toward a decentralized and platform-based operating model.
This transition is part of the 5 Ds that are driving the current electrical energy transition,
namely, decentralization, digitalization, decarbonization, democratization, and decreas-
ing consumption. This transition is affecting distribution-related services. Also, the tran-
sition towards a platform-based model is opening up many opportunities for service
innovation (Ma et al. 2021). As a result of this transition, many services will be able to
take place on these platforms, such as peer to peer trading, flexibility trading and many
other services. This variety of services will allow many stakeholders and actors to partici-
pate in these platforms ecosystems. Nonetheless, the most significant disruption to the
existing system will consist of business model innovations such as peer-to-peer (P2P)
electricity trading, virtual power plants (VPPs), flexibility management, local energy
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markets or the vehicle-to-grid concept, and VPPs aggregated from households with
newly available technologies (Xu 2019; Dietz-Polte et al. 2020; Ilieva and Rajasekharan
2018). Also, the disruption caused by electricity trading platforms with distributed and
decentralized assets (Ahl et al. 2019) involves complementary dimensions, which are as
follows:

1. Technology: Energy management systems, power grids, peer-to-peer (P2P) net-
works.

2. Economy: Energy market mechanisms, prosumer business models, smart contracts.

3. Social: Socioeconomic incentives, stakeholder interest management, community
engagement, self-sufficiency, and life-cycle impact.

4. Institutions: Market policies, grid codes, P2P policies, mechanisms for institutional

innovation.

This transition has many implications and faces multiple challenges on different lev-
els, including the technological and regulatory levels, and from other aspects, such as
service innovation, since the digital ecosystem will be complex. Many stakeholders will
participate in this ecosystem. The traditional electricity system involves producing,
transporting, and consuming power from large, centralized plants through grids at dif-
ferent voltage levels to end customers who consume whatever level of electricity they
want whenever they want it. The need for supporting prosumers changes the hierarchy
of electrical energy distribution and offers a potential role to new technologies such as
distributed ledger technologies (DLTs). With the introduction of new digital technology
and distributed renewables and storage, local systems will demand flexibility and locally
supported system services. However, this process also gives incentives to innovation in
market design, market operation, dispatch management, and the real-time operation of
even the most minor power resource. As a result, there will be new platform models and
unique ecosystems confronting the many challenges that await us (Antoli¢ et al. 2020;
Ahl et al. 2019).

In addition to the above mentioned issues, the services delivered by service platforms
in the energy context include flexible markets, P2P energy trading, metering and settle-
ment operations, market surveillance and auditing, asset monitoring, customer profil-
ing, and market integration. This wide variety of tasks brings multiple actors into the
ecosystem, including market operators, both distribution system operators (DSOs) and
transmission system operators (TSOs), energy producers, and customers (Antoli¢ et al.
2020; Livik et al. 2020).

The rise of new technologies contributes to platform-based business models and ser-
vices across different domains. Hence, these technologies are changing the landscape of
current facilities and businesses. The increasing adoption of distributed energy resources
(DERs) and storage systems, along with technological disruptions in the energy sector,
pose challenges and create opportunities for both existing and new stakeholders (Ilieva
et al. 2018a).

As it is used in the field of IS, “platform” is a broad term that varies from the digi-
tal marketplace to a virtual site that delivers a variety of services to individuals, govern-
ments, and organizations (Han et al. 2018). Hautamiki and Oksanen (2018) highlight
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the need to digitize the public sector, since governments and public sector entities are
seeking to enhance efficiency, cut costs, deliver better outcomes, and expand citizen
choice. Many customers, who are enabled by the convergence of new, widely available
technologies that can automate and monetize their energy resources, have begun to take
more direct control of the cost, reliability, and green mix of their power supply (Ilieva
and Rajasekharan 2018). Generally, the goal of digitalization is to build a deeper interac-
tion between citizens, service providers, and the public sector.

According to Statnett (2021), an electrical energy marketplace (such as a flexibility
market) provides an opportunity for new players to enter the energy sector. To succeed
in the marketplace of distributed and small resources, one needs to be market-aware,
dynamic and able to deal with market changes. This may be more difficult for tradi-
tional large providers than for new “young” providers whose products and services are
designed to be fully digital from the start. Another perspective of the energy marketplace
is that digitalization and the adoption of digital technology, which refers to the ability
to adjust to the new digitized world with its cybersecurity challenges and the increased
inter-dependencies between IS and operational technologies (OT), will disrupt the mar-
ket (Statnett 2021).

Decentralization in distributed energy services can lead to the generation of products
and services that become accessible at any time through continuous integration with
the customer. Service process modules that create value for both the customer and the
firm can be developed (Lotberg and Akesson 2018). Reliable and accurate information
is critical for building sustainable energy systems, as such information supports deci-
sions about investing in and managing infrastructure and technology. Moreover, this
information can help overcome market failures (Alstone et al. 2015). Therefore, more
understanding of the actual practices involved in energy services platformization and
digitalization is required in the IS literature.

According to Wagner and Gotz (2021), energy service is defined as the physical ben-
efit, utility, or good derived from a combination of energy with energy-efficient technol-
ogy or actions, which may include the operations, maintenance, and control necessary
to deliver the service based on a contract; under normal circumstances, such service has
been proven to result in verifiable and measurable or at least estimable energy efficiency
improvement or primary energy savings. As a result, the use of technology will help in
connecting DERs for the delivery of distributed energy services.

The next disruption appears to be aggregators, who act as digital intermediaries in
regard to centralizing the interactions between the wholesale market and thus balancing
demand and production between grid operators and consumers. As a result, two-sided
and multi-sided market platforms have appeared, and more could follow. Service pro-
viders could be successful in following the New York State authorities” plan for digital
platforms and running open distribution grids where buyers and sellers can make deals
for a wide range of new products according to their own wishes and needs (Sioshansi
2019; Orsini et al. 2019). Going a step further, “high interaction platforms” could appear
by creating trust between the transacting parties as a prerequisite for the start of trad-
ing. Examples include the P2P trading of distributed renewable self-generated power,
P2P storage, and P2P electric vehicle charging stations (Sioshansi 2019). To this end, our

main research question is as follows:
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+ RQI. What are the challenges for service innovation in the electricity energy field
when moving toward a digital platform model for the delivery of energy services?

This research question will be answered by answering the following three sub-ques-

tions through a systematic literature review:

RQI1.1 What are the current research limitations?
RQ1.2 What research topics are being addressed?

3. RQL.3 Who is leading the research and in which domains is the research con-
ducted?

This section has attempted to provide a brief introduction to the topic, the motivation
for this study, the research question and the goal of the study. The remainder of this
paper is structured as follows. The Background section introduces the main definitions
used in the paper, and the Research Methods section presents the methodology adopted
by this study. The Challenges of Energy Services Platformization and Decentralization
section presents the paper’s findings and proposes future research directions for each
identified challenge, while the Discussion section provides an exploration of the findings
and how they are related to the main RQ. Finally, the Conclusion section summarizes the

findings of the study and notes its limitations.

Background

In this section, we first provide an overview of service platforms, which is the main con-
cept related to this research. We then introduce service platforms in the context of elec-
tricity energy services, which serves as the study’s conceptual foundation of investigating
the challenges relevant to electricity firms’ transition toward a digital platform model.

Service platforms
Different definitions exist in the literature regarding the term “service platforms,” which
is the source of the term “platformization.” Researchers have provided a definition of
a service platform as a modular structure that contains both tangible and intangible
resources that ease and facilitate the interaction between actors and resources (Constan-
tinides et al. 2018; Ardolino et al. 2018; Lofberg and Akesson 2018). These platforms are
also a way to reduce the level of complexity because they use modular parts and compo-
nents that can be integrated into many types of services. In service platforms, the align-
ment of the platform’s capabilities with regard to interoperability and portability offers
an advantage to the platform in terms of growth and added value. Researchers have also
discussed the architecture of service platforms, since they enable the gathering in one
place of the products, services, and infrastructures that facilitate and ease users’ inter-
actions, transactions, and communication (Tiwana 2014). As a result, in DERs, the pri-
mary role of a platform is to act as a flexible medium that can match supply and demand
for energy products and services.

Ardolino et al. (2018) acknowledges that the main idea behind any service platform is
to combine all products and services that can improve efficiency and reduce cost. This
approach can also make the service more tangible and easier to understand. Service
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platforms facilitate processes at three levels, namely, the service, procedure, and organi-
zation levels. This facilitation has led to the conceptualization of service platforms as also
a way to enhance the customer experience. According to Constantinides et al. (2018); de
Reuver et al. (2018); Hagiu (2014), a few concepts must be clarified in order to study
platforms, platforming, or any issue related to digitizing. These concepts are as follows:

1. Digital and multi-sided platforms: Constantinides et al. (2018) defines “digital plat-
forms” as a set of digital resources that includes services and contents that enable
value creation and interactions between external consumers and prosumers. Digital
platforms can also be defined as an extensible code base to which complementary
third-party modules can be added. In addition, a digital platform is a service, tech-
nology, or product that lets two or more customers or participant groups interact
directly (Hagiu 2014).

2. Ecosystem: An ecosystem is defined as a collection of complements (apps) to the
core technical platform, which are mostly supplied by third parties, i.e., a collection
of firms that interact and contribute to these complements. Ecosystem actors are
natural or legal entities that augment the platform with modules, services, or sales
channels. Any social and economic agent who provides input to and takes advantage
of value co-creation is part of the ecosystem.

Multi-sided platforms such as Airbnb, Amazon, and Uber, similar to ESP and Smart-
Measure in the energy sector, are known for having a service platform architecture since
they can handle a high volume of transactions between different actors. Therefore, ser-
vice platforms follow a multi-sided approach in which the platform acts as an intermedi-
ary that brings different players and actors together to contribute to the platform with
their products or services. All this activity creates value for the platform. This approach
is familiar to current energy providers because of services like demand management and
energy trading.

Overall, studies by Constantinides et al. (2018); de Reuver et al. (2018); Hagiu (2014)
have highlighted how platforming is affecting not only technologies but also policies,
actors, and ecosystems and the interplay between them. The evidence presented by de
Reuver et al. (2018) suggests that the exponential growth in disruptive technologies,
decentralized distributed architecture, and digital artifacts will allow more complex-
ity because of the involvement of independent actors. The authors also note that the
decentralization of digital platforms will have transformative and disruptive impacts on
both organizations and their business models. Moreover, platforms have certain unique
characteristics. Ilieva and Rajasekharan (2018) identifies the presence of network effects
as their central feature. What the authors mean by the term “network effects” is that
more users beget more users, which is a dynamic that enables a self-reinforcing cycle of
growth.

Decentralized energy is energy that is produced closer to where it is used rather than
being drawn from a large plant located on a regional or national grid. Local genera-
tion reduces transmission losses and lowers carbon emissions. The security of supply is
increased for all customers because they do not share a single limited supply or rely on
relatively few large and remote power stations (Alstone et al. 2015). According to Adil
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and Ko (2016), energy decentralization has three configurations: Distributed generation,
micro-grids, and smart micro-grids. Distributed generation is the backbone of energy
decentralization; it is defined as an electric power system that is connected either within
distribution networks or on the consumer side (Altmann et al. 2010). A more detailed
account of service platforms in the distributed energy sector and services is given in the
next subsection, along with an overview of the functions of service platforms in the dis-
tributed energy sector.

Service platforms in the distributed energy sector

Disruptive technologies such as the internet of things (IoT) and artificial intelligence
(AI) more generally allow decentralization in market and service platforms by resolving
conflicts of interest and providing information symmetry to all platform participants,
which leads to cost-effective transactions. For decentralization to be achieved, all the
technologies mentioned above are required. Another specific feature of platforms is that
they rely predominantly on digitalization; that is, they capture, transmit, and monetize
data by means of internet connectivity. Thus, many successful platform companies are
centered on a software engine (Ilieva and Rajasekharan 2018).

Many authors have sought to describe the characteristics of energy platformization.
For example, Richter and Pollitt (2018) note that an energy service is smart if the power
management mechanism and energy device management use a specific algorithm and
if there is a communication protocol or means present between grids and devices.
Recently, there have been several changes made to European Union (EU) energy regu-
lations that have encouraged consumers to enter into electricity contracts with micro-
grids. Such development gives service platforms an excellent opportunity for growth.
However, an obstacle to such development is the gap between the technology and the
required level of engagement of the customer (Richter and Pollitt 2018).

Furthermore, Thomas et al. (2019) describe the energy system as a collection of dis-
tinct networks, sources, the parties responsible for them, and the associated physical
and information flows. The complexity of energy networks is forecasted to increase with
higher volumes of information and larger numbers of controllable components. When
accompanied by the decentralization of responsibilities, this growth will either lead to
the creation of more information interfaces or require more information to be processed
at existing interfaces (Thomas et al. 2019).

Energy service platform ecosystem

According to de Reuver et al. (2018), in the energy sector, many stakeholders will func-
tion as actors in the ecosystem, such as service providers, payment services providers,
and energy sellers. Figure 1 illustrates the expected roles that actors will play in the eco-
system of these platforms. In addition, the interactions between this actors could be in
form of data,information and monetary value (Hack et al. 2021).

1. TSOs are responsible for the reliable transmission of power from generation plants to
regional or local electricity DSOs by way of a high-voltage electrical grid. Since TSOs
are usually a natural monopoly within a country, they are subject to state regulation.
TSOs provide grid access to electricity market players—thereby generating compa-
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3rd Party Service Market
Providers Operator

@ Energy Service Platform- TSO( Ex. FFR - TSO
Grid Balancing) - DSO(EX. flexibility - demand

response)

Prosumers

Tenants | Electrical Vehicles

The red arrows represent the interactions
between actors. The grey box represents the
actors and the red box represent the platform
owner/service provider

Solar Panels/ Micro
wind farms

Fig. 1 Expected ecosystem actors

nies, traders, suppliers, distributors, and directly connected customers—according to
non-discriminatory and transparent rules.

2. DSOs are the operating managers (and sometimes owners) of energy distribution

networks, who operate at low-voltage (LV), medium-voltage (MV), and, in some EU
member states, high-voltage (HV) levels. Transmission grids transport large quanti-
ties of HV and extremely high-voltage (EHV) electricity across vast distances, often
from large power plants to the outskirts of large cities or industrial zones, where it
is transformed into lower voltages before it is distributed to end users through the
distribution network. The overhead and underground cables leading to homes and
businesses are operated by DSOs.
A prosumer is someone who both produces and consumes energy; this is a shift that
has been made possible, in part, due to the rise of new connected technologies and
the steady increase of more renewable power such a solar and wind making its way
into the electricity grid.

3. A local grid or micro-grid is a power distribution system of limited management
scope (and thus geography). It is also a group of interconnected loads and DERs
within clearly defined boundaries that acts as a single controllable entity with respect
to the grid (Ton and Smith 2012). Its electricity distribution systems contain loads
and DERs such as distributed generators, storage devices, and controllable loads that
can be operated in a controlled, coordinated way while remaining connected to the
main power network (SGIP 2016).

4. A market operator is an entity that performs certain system-level roles in the elec-
tricity market such as balance scheme management, recording closed contracts and

Page 7 of 29
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operational forecasts, balancing the market, and imbalance settlement; market oper-
ators may not exist in every country, as their tasks are often performed by a TSO
(SGIP 2016).

5. Prosumers are those who benefit from the services delivered and include electrical
vehicles, end users, consumers, tenants, and solar panel and wind farm owners and

some of them are producers as well (Ex.Electrical vehicles).

A decentralized energy system is characterized by locating energy production facili-
ties closer to the site of energy consumption. A decentralized energy system allows
for the more optimal use of renewable energy by combining heat with power, reduc-
ing fossil fuel use and increasing eco-efficiency. A decentralized energy system is a
relatively new approach being used in the power industry of most countries. Tradi-
tionally, the power industry has focused on developing large, central power stations
and transmitting generation loads across long transmission and distribution lines
to consumers in a given region. Decentralized energy systems seek to locate power
sources closer to end users. As end users are spread across a region, sourcing energy
generation in a similarly decentralized manner can reduce transmission and distribu-
tion inefficiencies and related economic and environmental costs (Sioshansi 2014).
Foundationally, the primary function of platformization in the context of energy is
to exchange information between the physical facilities and all market participants
and stakeholders (Tikka et al. 2019; Wehlitz et al. 2017; Wang et al. 2018). The chal-
lenge here is the lack of an interoperable data exchange interface that can be accessed
by all system stakeholders and meets their business requirements. In the energy sec-
tor, these stakeholders are aggregators, micro-grid operators, and system operators.
Wang et al. (2018) defines the energy internet as the integration of energy distribution
technologies, smart metering technology, real-time monitoring technologies, and
adjustment-controlling techniques. Furthermore, the energy internet supports access
to large-scale distributed generation and to distributed energy storage systems. The
energy internet is mainly focused on different types of DERs (predominantly renew-
able and environmentally friendly resources), while the smart grid is controlled by a
regional system. Wang et al. (2018) compares the smart grid and energy internet in
terms of technology integration, centralization, architecture, and manner of commu-
nication and finds the energy internet to be a facilitator of decentralization processes.
Preliminary work on energy trading platforms has been undertaken by Yuan et al.
(2019), who has investigated the role of big data in power trading platforms, based
on Al and deep learning technologies. The authors propose a platform that relies on
micro-services and blockchain technologies to deliver products and services. They
discuss how big data performs demand and supply forecasting on power trading plat-
forms and how it manages stakeholders in terms of profiles and relationships. These
are historical and behavioral data and classifications within the platform. The signifi-
cant role of data is not limited to the previously mentioned functions. This role also
involves analyzing power trading operations to obtain an in-depth understanding of
the relationships between stakeholders. Furthermore, an understanding of the actual
practices involved in energy services platformization and digitalization is required in
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the IS and energy informatics literature. In the next section, the empirical methods

followed in this paper are presented.

Research method

Overall research approach

Informed by Dybé and Dingseyr (2008), Kitchenham et al. (2009) and Webster and Wat-
son (2002), this study is anchored in a systematic literature review that seeks to organ-
ize and synthesize the current body of knowledge and identify gaps and future research
opportunities for digitalization in DERs from a service innovation and platformization
perspective. In this case, the systematic review aims to assess the existing literature;
thus, this study is categorized as a systematic literature review. The steps in the system-
atic literature review method are documented below.

The primary search process identified 1300 papers related to the topic. In the next
stage, after exclusion based on title and reported outcomes, content and duplicates
removal, 200 papers were identified (see Fig. 2). Then, after excluding papers based on
the quality assessment process (see Table 3), 40 papers remained. In the end, based on
the synthesis, 32 papers were chosen for deeper investigation. The next subsections dis-
cuss and elaborate on the search and quality assessment processes. Figure 2 shows the
stages of the systematic literature review and the number of papers identified in each

stage.

Search process

The search process was also guided and informed by Kitchenham et al. (2009) and Dyba
and Dingseyr (2008) to improve its quality. This involved an online search of specific
conference proceedings and journal papers since 2016. The papers were chosen because
they reported on empirical (whether quantitative or qualitative) studies and were pub-
lished in well-known venues. The data collection included database searches and

searches of journals and conferences proceedings from the following databases:

1. ACM Digital Library
2. Nature Magazine
3. IEEE Xplore

Exclude based on
title, content and
duplicate removal

N=200

Identify relevant
papers and research |

N=1300

Synthesis, relevant
and conceptual
papers

N=32

Exclusion based on
quality assesement +——
N=40

Fig. 2 Paper selection process



Idries et al. Energy Informatics (2022) 5:8

4. Springerlink
5. AIS E-Library
6. Elsevier / Science Direct

In the first stage of this review, abstracts and keywords in the targeted databases were

searched using the following terms

1.
2.
3.
4.
5.

((energy) AND (service platforms)) OR

((energy trading) AND (service platforms)) OR
((decentralization) AND (energy) AND (ecosystem)) OR
((digitalization) AND (distributed energy resources)) OR
((platforms) AND (distributed energy resources))

Table 1 shows how the search strings were used in this study.

Inclusion and exclusion criteria

Informed by Dybé and Dingseyr (2008), the researcher responsible for searching a spe-

cific journal or conference applied the relevant papers’ detailed inclusion and exclusion

criteria. Table 2 illustrates the publication venues.

Studies were eligible for exclusion if did not specify the targeted criteria, the authors

read the paper to determine whether it applied to the research context. A study was

included if it appeared relevant to the service platforms and energy contexts; otherwise,

it was excluded. The exclusion criteria included the following:

Table 1 Search strings and databases

Results in database

Search string  ACM library Nature
energy

magazine

IEEE Springer link AIS E-library Elsevier/ Sum
digital ScienceDirect

library

((energy) AND 120 50
(service plat-
forms)) OR

((energy trad-
ing) AND (ser-
vice platforms))
OR

((decentraliza-
tion) AND
(energy) AND
(ecosystem)) OR
((digitalization)
AND (distrib-
uted energy
resources)) OR

((platforms)
AND (distrib-
uted energy
resources))

220 300 140 470 1300

Page 10 of 29
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Year Venue Type of venue
2019 IEEEITAIC CONFERENCE
2018 IEEE Systems Journal Journal
2018 Computers and Chemical Engineering Journal
2020 Journal of Cleaner Production Journal
2018 IEEE International Energy Conference (ENERGYCON) Conference
2018 Future Generation Computer Systems Journal Journal
2018 Ecological Economics Journal Journal
2018 IAEE International Conference Conference
2016 ACM International Conference on Management of Emerging Ecosystems (MEDES) Conference
2016 Bit Bang 8 Aaalto University Multidisciplinary Institute of Digitalisation and Energy Conference
2018 Infsys Research Journal Journal
2019 BUIS—TAGEN/Smart cities—Smart Regions—Technical, Economic and Social Innova- Conference
tions
2019 Journal of Clean Energy Technologies Journal
2018 AIS Journal—Journal of the Association of Information Systems Journal
2017 University of Zurich Research Report
2016  European Parliament Research Report
2018 European Conference on Information Systems (ECIS) - Workshop on Platformization in Conference
the Public Sector

2019 Renewable and Sustainable Energy Reviews Journal
2020 Baker Mckenzie Research Report
2019  |EEE Milan PowerTech Conference
2019 CIRED—International Conference on Electricity Distribution Conference
2019  |EEEFA—Institute for Energy Economics and Financial Analysis Research Report

1. Title and outcomes

2. Papers written in any other language than English;

3. Papers without any empirical evidence and those only based on expert opinion;

4. Editorials, keynotes, panel discussions; and

5. Papers for which the full text was not accessible or available.

Studies were eligible for inclusion if they met the following criteria:

Presented empirical (qualitative or quantitative) data on service platforms and energy

service platforms.

Were published in 2016 or later (to focus on the latest developments and research

directions in the field).
Were written in English.

4. Were published in a journal or conference proceeding.

Table 2 shows where the selected papers were published:

The next subsection shows the criteria used in the quality assessment process for select-

ing papers.
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Quality assessment
Quality assessment was informed by Dyba and Dingseyr (2008); we considered three
quality criteria for quality assessment, namely, the rigorousness, credibility, and rel-
evance of each study (see Table 3).

The quality assessment focused on 6 main criteria, which are: Empirical research,
the aim and objectives, the context, research design, data collection, data analysis,
findings and value of research (see Table 3).

Research questions

The research questions were previously presented in the Introduction section. The
study has three sub-questions that help answer the main RQ. The aim of asking these
questions is to understand how the included 32 papers contribute to the topic and to

propose future research directions in the field. The sub-questions are as follows:

1. RQ1.1 What are the current research limitations?
2. RQ1.2 What research topics are being addressed?
3. RQ1.3 Who is leading the research and in which domains is the research conducted?

We considered several issues regarding the sub-questions:

Were the research topics limited?
Does the publication contribute to practice by defining practice guidelines?
Is the quality of the literature appropriate?

oW e

Is there evidence that the use of a systematic literature review is limited due to a lack
of primary studies?

Table 3 Quality assessment Table

Quality criteria Assessment questions
Empirical research Is this paper based on research or merely expert opinion?
Clear statement of aim Is there is a motivation for why the study is undertaken?

Is the study’s main focus on service platforms or energy service digitalization?
Does the study present empirical data?
Is there is a clear statement of the study’s primary outcome?

Description of context Who is the target audience?
In which environment was the research carried out ?
Research design Has the researcher described or justified the research design?
Data collection Is it clear how data are collected (e.g., semi-structured interviews, focus groups.)?

Has the researcher made the methods explicit (e.g., is there an indication of
how they conducted interviews? Did they use an interview guide? )

Data analysis Have sufficient data been presented to support the findings?
Findings Are the study’s limitations explicitly discussed?
Are the findings discussed in light of the original research question?

Value of the research Does the researcher discuss the contribution the study makes to existing know!-
edge or understanding?

Does the research identify new areas in which research is necessary?
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Concerning RQ1.3, we followed a multi-disciplinary scope that gathered literature from
different domains, since the topic is digitalization and service innovation in energy
systems.

Data extraction

We extracted data from 32 studies according to a predefined tables (see Tables 3, 4) and
a predefined process is presented in Fig. 2. This form facilitated the recording of each
reviewed paper’s details, which enabled us to record the full details of all the studies in
the systematic literature review and specifics about how the studies address our research
question. We extracted the data and then cross-checked the extracted papers to ensure
the consistency of the data extraction process (see Table 4). Further details are presented
in the “Results” section.

Results
We identified 32 studies that are relevant to our research topic and the present study’s
main research question. We categorized the studies into two main groups of challenges,
namely, architectural challenges and business and regulatory challenges. Architectural
challenges refer to factors related to agility and openness, ecosystem governance, and
design. Business and regulatory challenges refer to a lack of standards, business models,
and contracts and relationship management. The papers were selected from well-known
venues, as presented in Table 2. Figure 3 gives an overview of the studies and the catego-
rization of the findings.

The figure below shows the findings of the systematic literature review and the related
categories (see Fig. 3).

This section has described the methods used in this paper. The next section details the
principal findings of this study.

Table 4 Data extraction table

. Study overview
Study identifier (Author)
Extraction date
Bibliographic reference

2. Design of paper
Study type Quialitative or quantitative
Research methodology Case study, action research, interview, survey, other
methods
Research questions/hypotheses Statement of hypotheses, research questions

Research context and targeted platforms/services  What are the aim and objectives and the aim of the study
?

w

.Identified issues
What are the identified issues in each paper
Targeted Community of researchers

4. Results and findings

Findings

Implications

Limitations
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Fig. 3 Systematic literature review findings and categories

Challenges of energy services platformization and decentralization

This section presents the findings of the study and arguments related to the platformiza-
tion and decentralization of distributed energy services; this systematic literature review
aims to develop opportunities for future research directions. The following pages offer a
thematic analysis of the findings; these themes and challenges are viewed and discussed
from the perspectives of architectural challenges and business and regulatory challenges.

Architectural challenges

A technical report published by Dietz-Polte et al. (2020) notes that many techni-
cal aspects must be combined to make service platforms truly effective. These aspects
include the latest sensor technology, forward-thinking infrastructure for data exchange
and data processing, big data, Al, 5G and distributed-ledger technology to improve
forecasts, remote monitoring and the management of decentralized productions, and
increased plant optimization. In the section that follows, it is argued that how service
innovation transitions toward the platform model is subject to agility and openness
challenges.

Agility and openness

In a digitalization scenario, smart grids are at the core of the digitizing the domain.
Hence, the main challenge is how a platformization or system can achieve and maintain
highly efficient demand-side management. On the one hand, there is a high demand for
distributed renewable energy resources; on the other hand, there is limited control over
distribution and storage. Furthermore, the platform must have the ability to function
closely with the real operation system, since the trading period will extend to real-time
operation (Huang et al. 2019; Wang et al. 2018).

Page 14 of 29
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Agility refers to the platform’s ability to leverage the voices of ecosystem actors to
gain market intelligence and detect competitive opportunities for action. According to
Isaksson et al. (2018), there is an agility challenge related to the emerging digitalization
approaches. Modern generation utilities already have a high degree of automation at
the device and unit levels, but the networking between units, plants, and organizations
remains limited.

Several previous studies have investigated the platformization process in different
areas. Konietzko et al. (2020) find that one challenge in platformization and decentral-
ization processes is the level of platform openness. The more open a platform is, the
more innovation and more value creation can be achieved. This might be a double-edged
sword in the domain of distributed energy service platforms. Furthermore, in the case
of energy services platformization, openness must be considered because of the concept
that assets of the distributed service ecosystem aim to achieve mobility services with
maximized resource efficiency and minimized excess capacity, which is a concept that is
critical to the energy business.

In the process of decentralizing energy distribution, some services can be provided
by the platform owner, but the connection to external service providers, which are also
known as complementors, could be crucial for a given platform’s success. Indeed, plat-
forms that are open and multi-sided have proved to be the most competitive. While
complementors enrich the range of services and products offered through the platform
and enhance network effects, the platform aggregates storage resources with the option
to trade energy with and offer flexibility to TSOs, DSOs, and other buyers (Ilieva and
Rajasekharan 2018). This context is affected to some extent by the level of platform
openness.

To this end, further research can more explicitly focus on the IS-driven resources
and capabilities of electrical energy providers. Two relevant research questions are as
follows: How does platformization cultivate IS-driven resource-interdependent capa-
bilities to achieve operational agility for energy services providers? How can the level of
cross-organizational collaboration and networking reflect the platform openness? In the
following paragraphs, we demonstrate how ecosystem management is challenging the

transition to the platform model.

Ecosystem management and governance
Konietzko et al. (2020) identifies the challenge of accomplishing the circular economy as
it related to platformization; this challenge can also be phrased as how platform archi-
tecture can help achieve the circularity of economy. In the context of distributed energy
systems, a circular economy refers to an industrial system that is restorative or regen-
erative by design. It replaces the end-of-life concept with restoration, shifts toward the
use of renewable energy, eliminates the causes of carbon emissions that impair reuse
and return to the biosphere, and aims for the elimination of waste through the supe-
rior design of materials, products, systems, and business models. Generally, it covers all
activities that reduce, reuse, and recycle materials in the processes of production, distri-
bution, and consumption (Korhonen et al. 2018).

In practice, this process implies keeping waste at the very minimum. When a prod-
uct reaches the end of its life, its materials are kept in the economy to the greatest
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extent possible. They can be productively used again and again, thereby creating fur-
ther value. However, most of the platform complements, services providers, and app
developers are rewarded through the platform pricing structure. They are all affected
by platform control mechanisms. Therefore, designing a sustainable pricing structure
is a challenge that must be addressed by studying the platform information control in
term of customers, actors, and end users.

According to Ilieva et al. (2018a), the future value chain of distributed energy eco-
system will be more interconnected than ever before and will ultimately form an
integrated ecosystem of unique but highly interrelated elements. The emerging eco-
system will consist of the following aspects: Distributed generation, bulk generation,
transmission, distribution, retail, customers, new entrants, micro-grids, storage, and
demand response.

Kotilainen et al. (2016) have proposed a producer-centric ecosystem framework.
The authors discuss the barriers of production from an ecosystem perspective. Any
energy services ecosystem is led by two core actors, namely, TSOs and DSOs. A TSO
is responsible for coordinating the supply and demand for electricity in the wholesale
market, managing system security, and handling interactions and cross-border trade
operators, while DSOs transfer electricity from transmission facilities and grids to
individual users. However, in the current platformization models and schemes, DSOs
are expected to handle the data and manage privacy and security requirements.

As stated above, the decentralization, digitalization, and platformization of energy
services might contribute to achieve the circularity of the economy. Indeed, a new
model is starting to appear in energy services, namely, P2P trading. This model refers
to the buying and selling of energy between two or more grid-connected parties.
Often in connection to solar energy, any excess energy can be transferred and sold
to other users via a secure platform. P2P energy trading gives consumers the choice
to decide where to purchase their electricity and to whom they sell it. In the plat-
form scenario, there is pseudo-sharing, which involves profit-making, an absence of
communal thinking, and expectations of a direct principle of reciprocity. This type of
sharing has thus led to increased levels of selfishness and mistrust among peers and
has limited the kind of exchanges that can occur (Boz et al. 2016).

Beyond technical issues, there is a need to establish a governance mechanism
that approximately binds participant behavior without excessively constricting the
intended level of generativity. In our scenario, the organization is designed to main-
tain a balance between connectivity and control in the platform. In addition, gov-
ernance structures define the platform and the app-based decision-making rights of
platform stakeholders (Constantinides et al. 2018). This scenario is possible within
energy trading platformization.

It is possible, therefore, that a digital ecosystem for decentralized energy services
can attract users by providing augmented services and apps related to billing, market-
ing, P2P operations, and community benefits (through a lock-in strategy). A global
ecosystem could hierarchically connect regional and local ecosystems and then add
local producers and consumers, local DSOs, and local service providers. The expected
benefits of such an ecosystem that acts as a partner of partners, a product innovator,
and a value-added enabler could include increased market power, better resilience,
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and new revenue streams, along with improved branding and data management for
the participants (Ilieva et al. 2018a). Therefore, the ecosystem must maintain the
following:

1. An API-oriented open ecosystem to enable actors to exchange data and functionality
easily and securely;

2. A customer-oriented focus for all actors in the energy market ecosystem; and

3. Support for digitalization in the DER market (Al sensors, IoT, machine learning, and
machine-to-machine communication).

To this end, further research needs to grapple theoretically with aspects of the govern-
ance of electrical energy service platforms. Some relevant research questions are as fol-
lows: How can several platforms be integrated into one ecosystem? How can the platform
architecture and governance facilitate and scale up flexible trading with DSOs? How do
service providers and other energy players build dynamic capabilities for their platform
ecosystem? What are the dynamic capabilities required for platform ecosystem well-being
in an energy services context? . Below is a description of how the design is challenging
the transition toward a platform model for energy services.

Design

McGovern et al. (2019) highlights a design challenge in the current trend that encour-
ages energy trading within local communities, namely, designing a stakeholder manage-
ment strategy. Based on a longitudinal study, McGovern et al. (2019) suggests that the
local population and stakeholders should be part of the design and that decentraliza-
tion must facilitate a vision for generating renewable energy, stakeholder roles, opera-
tional functions, and crowd-based stakeholder enrollment. Due to the large variety of
decentralization requirements, the heterogeneity of the actors within DERs and P2P
resources, and the resulting diverse business processes, the functional complexity of any
software tools that are used will be very high. Therefore, there will be a challenge related
to the user experience not only because of the abovementioned issues but also because
electricity is more of an experience than a tangible commodity. Ilieva et al. (2018a) have
suggested that there must be a real-time requirement and other features that are critical
to the system. Specifically, the authors suggest the following:

1. Infrastructure must be supported by software technologies to allow flexibility opera-
tors to effectively meet demand with sufficient supply. In addition, the design of a
cyber-physical layer must be considered since the nature of the future IoT opens a
more dynamic concept, where devices such as load controllers or charging spots may
sign up with a network such as that offered by a flexibility operator on its own.

2. Efficient data flow must be secured so that the hardware that controls loads or feeds
can be deactivated and reactivated in different ways, based on a call initiated by those
who wish to secure such a benefit.

Therefore, there must be an IS that is agile and scalable through open, cloud-based, and
multi-speed technology architecture. The strategic concept of any platformization within
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the domain of DERSs is to create an open platform where competitors of the core product
can become complementors, thus contributing to joint value creation (Ilieva et al. 2018a).
Therefore, platform owners must understand that future markets may often contain or
even consist entirely of networks of participants (value networks) engaged by new engage-
ments, partnerships, and collaborations.

From the design point of view, researchers have attempted to evaluate the impact of
design on total social impact. The aim would be a design that meets the flexibility require-
ments, and the integration of technology and communication would ensure accelerated
deployment of flexibility. This could save society significant amounts of money and enable
more decarbonized solutions, protect privacy with respect to data management and IoT
functionalities, and bolster governance issues related to these issues (llieva et al. 2019).

All the design proposals are aimed at achieving flexibility, which is an instrument for
engaging local and environmentally friendly energy production and consumption. Flex-
ibility describes the degree to which a power system can adjust electricity demand or gen-
eration in reaction to both anticipated and unanticipated variability. Flexibility indicates the
capacity of a power system network to reliably sustain supply during transient and large
imbalances; in the context of platforms, this approach consists of an IS platform where
the coordination, trading, dispatch, and support services for flexibility markets take place
(Babatunde et al. 2020). In this context, platform owners can capitalize on the emerging
flexibility market by adopting the role of flexibility operator and providing services to the
regional balance-responsible parties, DSOs, and other market actors. In addition, the plat-
form owner should take socio-technical impacts into consideration when designing a plat-
formization strategy.

In a related matter, platform owners and developers must take incentives into consid-
eration when designing a platform, since incentives are critical to the platform’s ultimate
success. Furthermore, incentives motivate actors and end users to interact within the eco-
system. In the context of distributed energy decentralization, the incentives have to be
aligned with platform design since a system with aligned incentives allows agents to freely
choose their own behaviors. At the same time, incentives should incline users to choose
actions that coincide with the broader goals of the system’s overall design (Beck et al. 2018).

For this purpose, further research into design will need to consider both the underlying
digital infrastructure value creation mechanisms for electrical energy service platforms.
Two relevant research question are as follows: How can platform design facilitate incentives
for prosumers? What are the socio-technical impacts of transition toward platform-based
and digitalized business model for flexibility service providers?

To conclude this section, the literature identifies the architectural challenges that can
affect the transition toward a platform model in the context of energy services. The next
part of this paper describes in greater detail the business and regulatory challenges related
to the transition toward a platform-based model for energy services.

Business and regulatory challenges

The next paragraphs and sections present the principal findings of this paper regarding
the regulatory and business challenges that are faced in the transition toward a platform
model.
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Lack of standards

As stated above, electrical energy services digitalization is one of the 5 Ds (democra-
tization, decarbonization, deregulation, decentralization, and digitalization) that are
driving the electrical energy sector. Digitalization is a tool for both decentralization and
reducing emissions. Hilty and Bieser (2017) highlight the challenges of digitalization for
climate protection and energy system sustainability. However, regulatory and business
concerns raise three types of challenges, namely, technical, organizational, and behav-
ioral challenges. In our case, regulatory challenges refer to how the standard will ensure
interoperability; this proves the claim of Altmann et al. (2010) about the portability and
interoperability challenges of platformization.

Another issue is interoperability, which refers to the ability of a component to work
simultaneously with one or more elements of a platform. Furthermore, the conceptual-
ization of portability and interoperability affects service platforms since end users can
port and combine services regardless of the platform. Portability is the characteristic of
a service component that can be executed and implemented in a platform in a way that
is different from how it was first designed and deployed on the platform (Haile and Alt-
mann 2018).

Another issue is how the collaboration between actors will be managed through con-
tractual technologies, since there is currently a lack of standards that regulate actors’
interactions to ensure that the business model is profitable and dynamic (Altmann et al.
2010; Hilty and Bieser 2017; Guggenmos et al. 2018). This is a crucial challenge for both
regulators and developers since it is also related to the openness challenge identified by
Konietzko et al. (2020).

Beyond the regulatory challenges, current trends in energy platforms are moving
toward P2P energy trading. In this scenario, regulators must ensure that users of new
businesses follow the rules. The current EU policy for energy system integration is
regarded as offering a pathway toward an effective, affordable, and deep decarbonization
and decentralization of the European economy. This pathway will provide, among other
benefits, the potential for energy efficiency and will enable a better integration of elec-
tricity from distributed and renewable sources.

Energy system integration is defined as “the coordinated planning and operation
of the energy system ‘as a whole, across multiple energy carriers, infrastructures, and
consumption sectors” One aspect of decentralization is P2P trading platforms, which
remain in the early stages of development. Therefore, the scale of their adoption is lim-
ited. However, these platforms have the potential to radically change the established
roles of incumbent energy companies, such as energy suppliers and grid operators,
who in most countries are regulated monopolies that own the physical infrastructure
(Andoni et al. 2019).

Moreover, regulatory authorities are responsible for setting the rules for consumer
data protection. A recent example is the new EU policy on consumer data known as the
General Data Protection Regulation (GDPR)(Andoni et al. 2019). The current EU policy
on system integration aims to speed up decentralization and facilitate digitalization. This
policy will allow for dynamic and interconnected flows of energy, linkage of markets,
and the provision of data required to adjust supply and demand in a more flexible way
and in real time (Dietz-Polte et al. 2020).
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The challenge that regulators face as they try to craft a response to disruption is to
avoid capture by the incumbent firms that would prefer to use government authority
to avoid competition; this is quite impossible within the current energy transition. To
conclude this section, future research should investigate the following research ques-
tions: How will future electricity platforms emerge and survive? How can appropriate
technology standards that enable interoperability and encourage economies of scale to be
established?

Business models

Incumbent market actors often lack the tools necessary to introduce business model
innovation to their businesses. This is a major obstacle for the further deployment of the
decentralization of distributed energy systems (Puranik et al. 2019). Business models are
needed to ensure that any developed technologies can be brought to the market and that
the technologies and platform infrastructure used are compatible with business models.
They must also consider energy storage, flexibility, and regulatory and policy issues. The
integration of all the developed technologies will leverage a new concept of smart grids
capable of flexibility management at the grid level. This concept will provide greater effi-
ciency and resilience in the presence of distributed energy services and resources and
will resolve inconsistency issues (Ilieva et al. 2019). As result of decentralization, there
will be a demand for flexible and dynamic business models that must be innovative and
satisfy many criteria, such as the intensive inclusion of stakeholders in the business
model development process. Innovations can, on the one hand, be used by prosumers
that own flexible assets and thus exercise their prosumer assistive purpose. On the other
hand, innovations can be grid-assistive by enabling, for example, bottleneck manage-
ment on the grid. The market-assistive use of innovations serves to optimize electricity
consumption and the procurement structure of stakeholders (Tuiskula et al. 2019).

Generally, the business model must meet certain minimum criteria:

1. Support a setup that allows everyone to increase self-consumption and aid the com-
munity by optimizing and sharing storage solutions;

2. Facilitate the interaction between users and the cyber-physical layer through disrup-
tive and digital technologies to share energy where and when it is needed; and

3. Reduce overall energy costs and help achieve decentralization.

According to Ilieva et al. (2018a), the participants in decentralized energy ecosystems
must reconsider their business models. For many power market actors, this means that
their current business models will have to evolve beyond the traditional structure of
energy economy. However, the path to success in business model innovation may not be
clearly laid out. According to Ilieva and Rajasekharan (2018), a P2P business model must
provide the democratization of market access and on-demand access to service. Thus, it
must allow local producers to access the local marketplace while making use of oppor-
tunities to be actively involved in and aware of their energy needs and consumption pat-
terns. Another aspect identified by Ilieva and Rajasekharan (2018) is that the emerging
business models in energy decentralization are divided into three classifications based
on the scale of energy storage systems. These classifications are as follows:
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1. Grid scale: based on TSO- or DSO-owned assets, third-party assets, and shared
assets.

2. Behind the meter: VPP-centered business models, where VPP model 1 refers to a
flexibility aggregator model and VPP model 2 refers to a generation company aggre-
gator model or a technology and service provider model.

3. Community scale: based on a community-based energy trading system and a district
storage system.

Thus, platform owners are challenged to design a unified business model that integrates
all the above classifications and acts dynamically in the face of market changes. Since
P2P models are part of the decentralization of energy services, there are some obstacles
to achieving the abovementioned goals. Therefore, further research can more explic-
itly examine the following questions:How do digitalization and platformization disrupt
incumbent energy providers’ business models? How can organizations have a platform
business model that can cope with technological disruption?

Contracts and relationship management

The idea of decentralization is to improve the economic conditions and environmen-
tal awareness of producers. As a result, energy services decentralization will allow P2P
energy trading. Since the energy sector is critical to both society and all the activities
within it and constitutes a core part of the public sector, most service providers are mov-
ing toward smart contract technologies. Another concern is how accountability is imple-
mented, specified, and enforced through the contracts and legal frameworks governed
by the platform owners; however, accountability can also be implemented through IS
infrastructures, which is an important consideration for decentralization (Beck et al.
2018). Under this theme, we have identified an issue which must be considered: How
will standards cope with security, scalability, and process integrity issues? This issue is
consistent with the concerns raised in the previous theme by McGovern et al. (2019);
Constantinides et al. (2018).

Theoretically, the idea of contracts in energy services decentralization is to improve
the economic conditions, create value for producers, and enhance the more efficient and
economically beneficial use of flexibility from DERs. In this context, the local service
provider delivers energy and flexibility services to customers by inserting value-added
options to existing retail contract frames (Ilieva et al. 2018b). In the domain of distrib-
uted energy services and resources, ledger and contractual technologies have introduced
a premium scheme to encourage local renewable production and consumption (Thomas
et al. 2019; Han et al. 2020). To generate incentives for collecting premiums, the energy
tax paid by consumers could be reduced through regulatory support. Hence, there must
be a regulatory framework for contract deployment (Ilieva et al. 2018b).

For this effort to succeed, contracts must contain three aspects that operate flawlessly,
namely, technological, functional, and legal aspects. Therefore, any future development
or use of contractual technologies in the energy domain must be aligned with regulatory
and standardization requirements. The lack of standards is an issue that must be inves-
tigated from the IS point of view in future research. Technically, ledger technologies
as infrastructure for platforms offer the promise of increasing the speed of exchange,
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reducing the number of intermediaries and associated costs, improving security, digitiz-
ing assets, providing wider access to disadvantaged groups (especially in emerging econ-
omies), and improving regulatory compliance (Constantinides et al. 2018).

As a result, this development requires a deep rethinking of governance (Beck et al.
2018; Wynn et al. 2019). The above findings show how the emphasis of ledger technolo-
gies on decentralizing decision rights in platforms and the technical enhancement of
accountability underscore the need to align incentives. Another concern is that the deci-
sion rights in ledger technology-packed platforms are more decentralized than normal
digital platforms (Beck et al. 2018); this concern may be critical in the context of energy
services.

Further research can more explicitly examine how this coordination could be achieved
and maintained in an energy service platform ecosystem. Therefore, one future research
question could be as follows: How can platforms help achieve coordination mechanisms
between ecosystem actors?

A summary of the main findings, together with discussion, is provided in the next
section.

Discussion

The rise of new technologies has contributed to platform-based business models and
services across different domains. Hence, they are changing the landscape of today’s
facilities and businesses. The increasing adoption of DERs and storage systems, along
with technological disruptions in the energy sector, pose challenges and create opportu-
nities for both existing and new stakeholders (Ilieva et al. 2018a).

The main research question of this study aims to investigate the challenges related to
service innovation in the electricity field when moving toward a digital platform model
for the delivery of energy services; similarly, the main objective of this study is to identify
the challenges of platformization and digitalization of energy services. The sub-questions
of the study elaborate on the main objective of the study. Figure 3 shows the findings of
this systematic literature review and categorizes them based on the challenges identified.
Regarding RQ 1.2, the research topics were categorized based on the systematic litera-
ture review findings shown in Table 5.

The paper has shown that each challenge is connected with a research gap that offers
possible research direction(s) for the future (see Table 5). The present study maps all the
literature that is relevant to platform ecosystems, digitalization, and digital innovation
regarding electrical energy services; this systematic literature review was undertaken
to not only provide an overview of the key challenges but also to identify gaps in the
research.

As the concept of platforms is not yet fully understood in current electricity ser-
vices, a complete mapping of the literature is recommended to investigate solutions
and business models that may match the technical, market, and business require-
ments of a given energy platform ecosystem. Meanwhile, the technical details of the
current existing platforms are not widely discussed within the literature. Therefore,
this paper has proposed a future research direction for investigating these platforms.
Furthermore, the emergence of service innovation in electrical energy services creates
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Table 5 Proposed research directions and future research questions

Challenge Proposed Research Direction and Future Research Questions

Agility and openness How does platformization cultivate IS-driven resource-interdepend-
ent capabilities to achieve operational agility for energy services
providers?

How can the level of cross-organizational collaboration and network-
ing reflect on the platform openness?

Ecosystem management and governance How can several platforms be integrated into one ecosystem?

How can the platform architecture and governance facilitate and
scale up flexible trading with DSO's?

How do service providers and other energy players build dynamic
capabilities for their platform ecosystem? What are the dynamic
capabilities required for platform ecosystem well-being in an energy
services context?

What are the dynamic capabilities required for platform ecosystem
well-being in an energy services context?

Design How can platform design facilitate incentives for prosumers?

What are the socio—technical impacts of transition toward platform
- based and digitalized business model for flexibility service provid-
ers?

Lack of standards How will future electricity platforms emerge and survive?

How can appropriate technology standards that enable interoper-
ability and encourage economies of scale to be established?

Business models How do digitalization and platformization disrupt incumbent energy
providers'business models?
How can organizations have a platform business model that can
cope with technological disruption?

Contracts and relationship management  How will standards cope with security, scalability, and process
integrity issues?
How can platforms help achieve coordination mechanisms between
ecosystem actors?

new roles at utility companies, such as the emergence of chief digital officers, chief
transformation officers, and chief AT officers.

The investigation of the main research question sought to identify and enumerate
the key challenges associated with decentralization. In addressing the second sub-
question, we found that two challenges that might hamper platformization is a lack
of standardization on the one hand and flexibility on the other hand. There must be
standards for energy service platforms to ensure that their architecture will allow
interoperability. Furthermore, the literature suggests that there will be many govern-
ance challenges associated with decentralization. Hence, the practice of platformiza-
tion must be implemented through known approaches and frameworks, such as the
suggestion offered by Tiwana (2014); Morstyn et al. (2018); Altmann et al. (2010);
Ilieva and Rajasekharan (2018). An examination of the research question found that
the efficient decentralization of distributed energy systems could be achieved through
the dynamic governance of the ecosystem, with the support of network effects and
disruptive technologies (Constantinides et al. 2018; Ilieva et al. 2018b). Furthermore,
the long-term outputs of distributed energy services decentralization are yet to be
proven, since different scenarios have been implemented, and most scenarios that are
now operating do so on a medium scale at most. The systematic literature review sug-
gests that there must be some implementation of technologies that are relevant to the
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regulatory and legal domain. Further decentralization could be implemented through
long-term and sustainable platformization practices.

The results of this systematic literature review fit very well with the rising trend
of using service and digital platforms to deliver innovative energy services. Previous
research has focused on discussing the platform ecosystem without suggesting how
such an ecosystem will evolve over time and how it will be sustained. Consistent with
the present study’s research approach and strategy, the overall findings show that the
decentralization and platformization of any energy service is likely to face techni-
cal and/or regulatory challenges. Technical challenges vary from the level of open-
ness to the level of platform service interoperability and portability, while business
and regulatory challenges range from collaboration between actors to stakeholders’
contractual management. All these issues must be resolved to reach a high level of
dynamically delivered services and to guarantee the continuity of services. It is evi-
dent from the findings there has thus far been very little standardization of regula-
tions made in any jurisdiction.

RQ 1.3 in this research was posed to reveal who is leading the latest research efforts
and the domains in which that research has been published. Table 2 shows where the
selected papers have been published. It is interesting to note that the papers reviewed
in this study are a mix of different fields, including IS, electrical power engineering,
and service design. The research on the topic has been led by Wang et al. (2018);
Huang et al. (2019); Puranik et al. (2019) in the context of electrical power engineer-
ing, while in the fields of service innovation and IS, the research has been led by
Ardolino et al. (2018); Beck et al. (2018); Hautamiki and Oksanen (2018).

We also noticed in our systematic literature review that many organizations are
moving toward decentralization and that many investors are interested in this topic.
These developments clearly show the potential of decentralization and platformiza-
tion in distributed energy services. This systematic literature review has shown that
the current IS and electrical engineering literature remain in an early stage, perhaps
even in infancy, in terms of discussing the interplay between regulatory and technical
aspects of energy firms’ transition to platformization.

Specifically, these findings show that openness, governance, stakeholder and actor
management, and standardization all have roles to play in shaping developments in
this domain. Each of these challenges can be seen as a complex system. The findings
also show that such challenges can affect the quality of the services delivered and how
current technologies must collaborate with decentralized DERs. According to the
findings, these platforms must be flexible in terms of openness to new and dynamic
business models.

Service providers and platform owners must continuously engage with actors
and customers to obtain insights about their activities and behaviors. To offer value
propositions, it is important to use platformization to know the customers who are
normally served by product-oriented platforms. Therefore, one challenge is how to
engage customers in platform activities and determine how they can participate in
platform design.

The study of distributed energy services platformization requires the examination
of the ecosystems that surround it. While some work on distributed ecosystems has
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been published, as outlined above, there remains a need for a deeper scholarly under-
standing of the structure, dynamics, and strategy and behavior of energy services
platforms and their associated stakeholders.

Moreover, the findings of the current research are prerequisites for describing and
understanding the context of decentralization and platformization in the domain of
energy services from the IS perspective. These findings need further development in
multiple directions. Understanding different challenges from different perspectives and
at different scales will help to clarify the practice of digitalization in the energy domain.
Future research should consider the potential effects of digitalization and service plat-
forms on energy services more carefully. More specifically, the present study has identi-
fied research gaps and suggested areas for future research (see Table 5).

Conclusion

The purpose of this study was to contribute to the scientific literature by reviewing the
available research on energy services platformization and decentralization from the
viewpoint of digitalization and IS. The critical aims of this research were to identify
the challenges faced by the processes of platformization and decentralization from the
technical, business, and regulatory perspectives. In addition, regulatory authorities are
responsible for setting the rules of consumer data protection.

This paper carried out an examination of the literature on the digitalization and plat-
formization of electrical energy services and their associated challenges. It provides a
holistic overview of the current situation and the latest research regarding these subjects.
This systematic literature review has shown that the research on energy service platforms
and marketplaces has increased over the last few years (Ilieva and Rajasekharan 2018;
Ilieva et al. 2018b; McGovern et al. 2019). A broad spectrum of research from different
industries and scientific disciplines has been covered. However, despite the increasing
interest in energy decentralization and digitalization, many areas are still to be explored.

In addition, by clarifying the challenges ahead, our study can assist managers, service
providers, and policymakers to anticipate issues that may arise during their attempts to
transition their organizations into using platform models. Regardless of their transfor-
mation strategy’s aim to leverage digital technology in reinforcing or changing their ser-
vice innovation and value creation, these individuals will likely encounter challenges on
different levels of platform operation and services innovation. This will have important
implications for how to govern and design a platform. Our study’s findings suggest that
managers and service providers should critically assess the role of digital technologies,
such as DLTs, in digitalization and platformization. Understanding the different roles of
digital technologies and platforms can help managers contextualize digital technology
within their chosen transformation agenda.

In addition, this study has identified many changes that must be taken into considera-
tion when it comes to decentralization and platformization. These changes include mar-
ket design, business models, and the value stream, in addition to social, institutional, and
economic arrangements.

By considering the reviewed literature and the themes in the findings, this study
has exhibited and discussed what the literature has to say about the interplay between
architectural and business and regulatory aspects of transitioning to platforms
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models. Another shortcoming is that the reviewed literature does not cover well the
aspects of strategy, governance, and architecture. Therefore, this paper has identified
research gaps and proposed future research directions.

An important limitation of this study is that it does not focus on a specific geo-
graphic domain, which means that the results are somewhat general and may not be
applicable to certain countries or regions. Future work could focus more on specific
scenarios in certain countries. Furthermore, the transition toward the platform model
and platform ecosystem does not always go as expected. Like the challenges discussed
in this paper, many challenges and risks related to digitalization and the transition
toward the platform model will arise in the future. Therefore, the consequences of the
adoption of digital solutions in the platform ecosystem and its impacts on the sustain-
ability, resilience, and harmonization with the whole ecosystem perspective need to
be further investigated. Another limitation is the study looks at the papers from 2016
and forward, this because the interest on investigating and researching on this topic
become widely known after that period and due to the lack of papers before that time.

The present study also does not take into account the implications of digitalization on
energy policies. Themes were identified in the findings categories to enable a compre-
hensive understanding of the domain. Further research should be undertaken to investi-
gate both service distributors and regulatory firms in order to study their capabilities for
integrating bulk and distributed renewable sources into new technologies such as smart
contracts. This could be done through case studies. Another future avenue of research
could be examining how disruptive technologies can overcome the existing architectural
and governance challenges in the platformization of DERs and their related services.
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