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Abstract
Background

New decentralized energy-generation technologies have turned economies of scale upside down while
becoming more economically viable. The increased penetration of information technologies has led to
new opportunities to manage infrastructure in a less hierarchical, more �exible way. Together with citizen
demands for control over energy, this has put energy communities (ECs) on the agenda, potentially
advancing the transition towards more sustainable energy systems, despite hindrances encountered on
the way.

This paper presents a case from Sweden, using participatory observations and interviews conducted
during the planning of a sustainable city district built around sharing. We examined the discussions
between stakeholders concerning smart energy systems and the establishment of a microgrid.

Results

We found that the discussions of the microgrid comprised two parallel discourses, coexisting but
seldomly explicitly confronted. The distribution system operator in the area promoted its solutions, while
the property developers opted for a microgrid organized more as an EC. We discuss why the EC
proponents apparently lost the battle in this smart grid case.

Conclusions

This paper described the energy planning process in a case study in Sweden, where two different models
for building an electric microgrid can be identi�ed: distributed energy systems and energy community
perspectives. We suggest that these perspectives have different values. We conclude that interest in
microgrids could shift the transition pathway towards a more decentralized system involving a variety of
owners.

1. Background

1.1 Introduction
The energy system is transitioning to become more sustainable. One such trend is for large-scale,
centralized, and fossil-fuelled systems to change to the small-scale production of renewables, with
implications for the ownership and operation of energy systems (Pinson et al., 2017). Such
decentralization is seen as a way to adapt the grid to better �t the needs of energy transition (EU
Commission, 2019). The European Union (EU) supports decentralized energy systems because they have
multiple bene�ts, such as increased local production, energy supply security, and reduced transmission
losses (EU Directive 2018/2001 of the European Parliament and of the Council Rec. 65). These technical
changes are also related to and dependent on accompanying changes in actors and institutions (Bolton &
Hannon, 2016; Smith et al., 2010).
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One form of energy system transformation is to develop distributed energy systems (DESs) incorporating
distributed generation and microgeneration technologies such as solar photovoltaics (PVs), but with the
owners of the distribution system and technology being left unde�ned, i.e., they could still be incumbent
actors. A DES can be de�ned as a system in which energy production and consumption are in close
proximity (Alanne & Saari, 2006; Allan et al., 2015). However, as Allan et al. (2015) noted, there is no
consensus in the literature as to a precise de�nition. In the EU’s “Clean Energy for all Europeans” package,
citizens are in the centre (European Commission, 2019) and great hope is put on energy communities
(ECs) to make the energy system more sustainable. The EU de�nes an EC as formed by the collaboration
of local stakeholders who produce, consume, and manage their own energy for the primary purpose of
creating economic, environmental, and social bene�ts for the community. According to the EU
Commission (2019), decentralized energy systems can empower and engage local communities by
increasing citizen control over energy resources. However, several barriers to EC formation need to be
addressed, such as dependence on voluntary work, lack of resources, lack of expertise, scepticism about
ECs, and lack of policy support (Brummer, 2018; Roberts & Gauthier, 2019; Seyfang et al., 2013).

In this paper, we will analyse actors and ownership structures in relation to an energy planning process in
a new sustainable city district in Malmö, Sweden. The focus of the analysis is on examining the planning
of a microgrid from the perspectives of DES and EC. Investigations of microgrids have often been
technologically oriented, but the discussions and con�icts surrounding microgrids can also be related to
other issues, such as organization and ownership. Actors’ perceptions and ideas raised during the
planning process will be analysed in relation to the distributed energy and EC perspectives, to clarify the
barriers to �nding solutions that advance the transformation of local energy systems and how these
barriers can be avoided in the future.

The paper is organized as follows. Section 1 presents background to DESs, microgrids, and ECs and how
they have been described in earlier research. Section 2 describes the methodology used here, while Sect. 3
presents the results. Section 4 discusses system solutions that have been on the agenda and how to
de�ne the energy system and its purpose vis-à-vis such solutions, while also considering how control and
ownership issues have so far been managed. Finally, the conclusions are presented in Sect. 5.

1.2. Distributed energy systems
Distributed energy generation has developed into a new trend even though it is not a new idea. Before the
�rst era of “centralization”, society in general was quite decentralized (Alanne & Saari, 2006), and early
electrical systems commonly included renewable generation, microgeneration, and cogeneration (Howell
et al., 2017). However, along with developing non-renewable national grids and the growing economies of
scale they offered, a status quo characterized by attractive electricity prices developed in the mid
twentieth century (Howell et al., 2017). Currently, DESs have become a trend due to their speci�c
characteristics compared with those of national grids. Distributed energy entails new opportunities for the
socioeconomic development for local communities and businesses (Li et al., 2013; Phimister & Roberts,
2012). For example, in cities, DESs would allow consumers to trade the energy they have locally produced
themselves (Fichera et al., 2017).
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Local energy systems are usually characterized by distributed generation, in which electricity is generated
using technologies with small generation capacities and located near the people and technologies
consuming the energy produced (Pierce & Paulos, 2012). The closeness of microgeneration to consumers
increases the likelihood that consumers will know something about how their power was generated.
Domestic microgeneration technologies such as PVs and wild turbines are, unlike centralized generation
facilities, visible and touchable, also contributing to such awareness (Pierce & Paulos, 2012). Local
energy systems will here be de�ned as systems involving the coordination of decentralized energy supply,
distribution, and consumption within a given local geographical area (cf. Eid et al., 2016).

1.2.1 Microgrids
Microgrids are local grids that can function independently of the main grid in “island mode”. Depending
on the context, they can be important parts of the wider main grid, leveling demand peaks in the wider
grid and helping reduce the effects of insu�cient capacity. Though there are several types, a microgrid
can be de�ned as “a group of multiple distributed generation (DG) units and loads operating as a
coordinated system, connected to the main electric grid at a single point (typically, at the distribution
level), and able to function in parallel with the grid or in island mode” (Prete & Hobbs, 2016, p. 524). The
main characteristic of a microgrid is the ability to operate in island mode, separate from the main grid. It
should be noted that connecting a microgrid to the wider grid entails challenges associated with control,
protection, regulation, and customer participation (Yoldas et al., 2017).

Microgrids can increase the main grid’s resilience (Dincer & Abu-Rayash, 2020; Hussain et al., 2018) and
help incorporate distributed renewable energy generation (Kelly-Pitou et al., 2017; Wang et al., 2016). They
can enhance supply reliability as they offer the potential to provide energy in case of power outages in
the superordinate grid (Hanna et al., 2017) and sustain the supply of renewable energy even during major
disruptions (Hussain et al., 2018). This is why they have gained popularity for resiliency enhancement
(Hussain et al., 2018). However, microgrid development is still in a formative phase (Warneryd et al.,
2020). Due to their resilient nature, remote microgrids are used in, for example, maritime, military,
spaceship, hospital, and campus contexts (Warneryd et al., 2020). According to the literature, one bene�t
of microgrids is increased reliability in areas where more resilience is needed, because they allow for local
site-speci�c generation and use of (renewable) energy. Since the scale of a microgrid is smaller than that
of the main grid, less energy is lost in conversion. Due to their ability to switch to island mode, microgrids
are especially useful in areas where the main grid is less extensive or where grid conditions are otherwise
unreliable. Microgrids are also used in community energy systems (Dincer & Abu-Rayash, 2020).

In Sweden, the need for and future of microgrids are under investigation, especially regarding the
ownership of such grids. Grid ownership has been considered important for sustainable energy
transitions as the number of independent grids and production units increases (Haney & Pollitt, 2013;
Johnstone et al., 2020). In spring 2020, the Swedish Energy Markets Inspectorate proposed that
cooperatives such as ECs should not be allowed to either own or manage electricity networks (Ei
R2020:02:351). At the same time, other actors criticized this proposal, claiming that it would violate the
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EU “Clean Energy for all Europeans” package. Ongoing energy planning processes in Sweden are thus
being undertaken amidst many regulatory uncertainties, creating the potential for considerable con�ict
concerning microgrid organization and ownership. These uncertainties will be discussed below in relation
to the studied case.

1.2.2 Building Energy Communities
Decentralized renewable energy systems are being promoted by the EU. They are seen as bene�cial in
many ways, as they increase local energy production, bolster energy supply security, and reduce
transmission losses (EU Directive 2018/2001 of the European Parliament and of the Council, Rec. 65).
Decentralized energy systems also have the potential to empower and engage local communities if
citizens are given control over local energy resources. Another trend is for citizens to start demanding
control ever energy production by establishing local community-owned renewable energy installations,
such as solar power plants (Walker, 2008). These community initiatives are referred to as energy
communities (ECs).

There is no single agreed-on de�nition of ECs in the literature, but most de�nitions state that they involve
collaborations in local communities that produce, consume, and manage their own energy to create
economic, environmental, and social bene�ts for the community. Walker and Devine-Wright (2008) stated
that an ‘ideal’ EC project would be when a group of local people manage the project themselves and
which bene�ts the local community. Walker (2011) showed that ECs can vary depending on their location,
the relationships between involved members, and whether they are virtual or physical. The literature
usually describes ECs as established to produce and consume energy (Horstink et al., 2020; Magnusson
& Palm, 2018), but some ECs engage in energy activities beyond production (Caramizaru & Uihlein, 2020).
Gui and MacGill (2018) claimed that ECs can also participate in activities such as transport, water supply,
and waste management in order to produce social, environmental, and economic bene�ts for different
types of communities. Studies of ECs have generally focused more on rural and remote regions than on
urban areas (Berka & Creamer, 2018).

There is hope that the number of ECs will increase, making them a “game changer” leading to the
transition of fossil-dependent energy systems. ECs will contribute to energy production that is
increasingly local, renewable, and participatory, helping create truly sustainable energy systems
encompassing all three dimensions of sustainability (Vansintjan, 2015). Individuals can derive several
bene�ts from being EC members, including less money spent on energy, more reliable energy supply,
control over energy sources, and a feeling of participation in environmental protection, community
building, and self-realization (Berka & Creamer, 2018; Brummer, 2018; Hobson et al., 2016; Walker, 2008).
The European Commission believes that giving citizens more control and access will enable them to
improve their quality of life and �nances (European Commission, 2019). For societies, ECs are said to
increase renewable generation, have potential to reduce greenhouse gas emissions, mobilize private
capital for renewable energy investments, improve energy system �exibility, and promote regional
economies (Caramizaru & Uihlein, 2020; Celata & Sanna, 2019; McLaren-Loring, 2007; Walker et al.,
2010). ECs are also expected to alleviate energy poverty and protect vulnerable citizens (European
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Commission, 2019). However, the small number of ECs makes it di�cult for them to contribute
signi�cantly to radical change in terms of renewable energy adoption (Wirth, 2014). Optimistic estimates
call for half of EU citizens to produce their own energy by 2050, accounting for 45% of the EU’s entire
electricity production (Kampman et al., 2016). Several barriers to such growth need to be solved, such as
dependence on voluntary work, lack of resources, lack of expertise, scepticism about CEs, and lack of
policy support (Brummer, 2018; Roberts & Gauthier, 2019; Seyfang et al., 2013).

2. Methodology

2.1 Case study of Sege Park
In this paper, we have chosen the case study method due to its ability not only to foster understanding of
speci�c phenomena or places but also to develop theory (Baxter, 2010). Case studies can produce deep
and concrete explanations of social phenomena and robust, trustworthy theoretical explanations (Baxter,
2010). Here, before describing our methods in more detail, we offer some background to our case.

The studied case here is an urban development project in the Sege Park area in Malmö, southern Sweden.
Although Sege Park is described as a new city district, the area has a long history. What is now called
Sege Park was previously known as Östra Sjukhus (“Eastern Hospital”), the environs of a former mental
hospital in northern Malmö, part of the Kirseberg (“Cherry Hill”) city district. The hospital was closed in
1995. Since then, preschools and elementary schools have been established in the area and some of the
buildings transformed into student residences. The goal of development projects in this city district is to
transform this former hospital area into an urban area with a mix of housing, businesses, public services,
and public parks. According to plans, by 2025 there should be 1340 dwellings. The development process
has been characterized by a sustainable approach with a speci�c focus on creating a low-carbon district
and innovative sharing solutions.

Furthermore, Sege Park has a Climate and Recycling Agreement and Strategy developed by the city with
six goals relating to energy. This Strategy is closely connected to the goal of the City of Malmö to become
the most “climate-smart” city in Sweden by 2030. The city, an energy company, and the water and sewage
company all signed an agreement in January 2018 that was intended to support and facilitate property
developers in Sege Park (Memory notes by Malmö City, 25 Jan 2018). Among the goals are that at least
40% of total electricity production will come from renewable sources in Sege Park, solar energy solutions
should be used, and all buildings should be connected to a smart grid.

2.2 Fieldwork and data collection
In February 2015, the land allocation programme for Sege Park was published, clarifying that involved
property developers were expected to participate in a property developer dialogue. The purpose of this
dialogue was to reach agreement on strategies and procedures for testing various sustainable solutions
and to design a low-carbon community. The �rst property developer meeting was held in May 2017. We
have followed and observed these developer dialogue meetings since August 2017, and as of summer
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2020, 28 meetings had been organized. For Sege Park meetings that we cannot attend, we and other
participating actors have access to all relevant documentation via a folder on the Sharepoint web
platform. Dialogue meetings usually last from 8.30 am to 12.00 noon, and each meeting has one or two
focus themes, such as energy, the stormwater system, mobility, and waste management.

In spring 2020, 12 property developers were allocated land in the Sege Park area. At the beginning of the
project, there were 13 participating developers, but one later decided to leave the project. We have
interviewed representatives from all 13 developers. Property developers in Sege Park are a mixed group
comprising everything from major national developers of residential housing projects to a community of
private individuals who will convert one of the area’s existing buildings into cooperative housing.

Ethical considerations in this study mainly concern the anonymization of informants. It is increasingly
di�cult to offer full anonymity to communities or individuals in the modern world (Dewalt et al., 1998).
However, our aim was to anonymize informants as far as possible, so we have randomly numbered the
property developers as Property Developer 1, Property Developer 2, Property Developer 3, etc., to
distinguish them transparently from one another. When we have interviewed several representatives from
the same organization, we distinguish them by appending letters, for example, Property Developer 3a, 3b
etc. We have also interviewed representatives from the city of Malmö.

We gathered data through participatory observations, interviews, and literature research. Some interviews
were conducted face to face, while others were conducted by telephone or using Zoom conference
software. All interviews were recorded and transcribed. The analysed literature included three consultancy
reports (Persson, 2015; ÅF, 2019; Knowit, 2020) commissioned for Sege Park in which the energy system
is considered or is the focus of analysis. We further analysed all dialogue meeting documentation
available via Sharepoint, such as PowerPoint �les, notes, reports, maps, pictures, and drawings.

2.3 Data analysis with analytical framework
In this qualitative study, we have moved from making empirical observations to developing concepts and
theory. The research has entailed both deductive and inductive modes of inquiry, often intertwined,
described by Baxter (2010) as cyclical modes of exploration.

During and after data collection, an analytical framework was developed. The framework allows us to
analyze the two pathways we discerned by identifying and comparing differences between the
de�nitions, purposes, and ownership structures of DESs and ECs. These differences are described in
Table 1, which presents the analytical framework for categorizing and understanding the dialogues and
gathered empirical data on a deeper level.
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Table 1
Analytical framework: de�nition, setup, purpose, and ownership structure of distributed energy systems

versus energy communities.

  Distributed Energy Systems
(DESs)

Energy Communities (ECs)

De�nition Systems controlled by their
owners; these can be members
or shareholders, who are
natural persons, local
authorities, municipalities, or
enterprises.

May engage in the generation,
distribution, supply,
consumption, and storage of
energy (i.e., heat and
electricity).

Systems based on voluntary and open participation
and effectively controlled by members or
shareholders, who are natural persons, local
authorities, municipalities, or small enterprises.

May engage in the generation, distribution, supply,
consumption, aggregation, and storage of energy;
may provide energy e�ciency services, charging
services for electric vehicles, or other energy services
to its members or shareholders.

Setup Part of the main grid. Can be part of the main grid, work independently as
an island, or be off-grid.

Ownership No restrictions: can be public,
private, or citizen owned.

Tied to the size of the shareholders and commercial
activity. Medium-sized companies and companies
with previous large-scale activities primarily in
energy generation are excluded (EU CEC Art. 2, para.
11; Art. 2, para. 8; Rec. 44).

Purpose Provide �nancial pro�ts for
their owners and environmental
bene�ts for the local area.

Provide environmental, economic, or
social/community bene�ts to their members or
shareholders or to the local area.

3. Results
We will start by giving an overview of our investigations concerning a microgrid in Sege Park. We will then
relate these investigations: to how microgrids are de�ned; to their setups, purposes, and ownership
structures, as presented in the above analytical framework; and to the kinds of activities the DES and EC
pathways include.

3.1 Microgrid discussions in Sege Park
In Sege Park, the microgrid discussions concerned the installation by property owners of various
sustainable measures in their buildings, such as rooftop PVs. Here we will omit discussion of the
individual solutions and instead focus the analysis on the system solutions for the whole Sege Park area,
especially on the discussions of a microgrid.

The �rst consultant report, from 2015, was written very early in the process and only listed different
potential energy solutions for the area. The only energy system-related recommendation it made
concerned the electricity system and establishing a smart grid. The report stated that if a smart grid and
demand-response system were to be implemented in the area, a common organization running and
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maintaining the system should be considered. Although the report does not speci�cally mention the
energy community concept, it seems as though such cooperation was at least not ruled out. The report
emphasized that if a microgrid were to be installed, it must be done in a robust way that suited people’s
everyday lives, which would require an organization that could support and maintain the system.
However, in the report, the recommendation was not to install a microgrid, because the administrative and
other costs were considered too high for such a small area as Sege Park (Persson, 2015).

The idea of a microgrid did not disappear from the agenda, however. Early in the process, it seemed as
though the microgrid idea was connected to the installation of solar power in the area. The property
developers saw potential in having rooftop PVs, a ground-mounted PV plant in the area, and a microgrid,
making it possible to share electricity among the developers.

However, the ground-mounted PV plant needed space where it could be installed (Observation, 19 Jun
2018). One option was for the City of Malmö to allocate space in the zoning plan for PV installation in a
speci�c green area in the middle of Sege Park, an area that the city owned and controlled. This solution
was up for discussion on several occasions. At a meeting in January 2019, the City of Malmö declared
that it was not prepared to have a PV plant installed in the planned green�eld area, because the PV plant
would be considered a private facility bene�tting the property owners, i.e., a limited number of private
companies operating in Sege Park. According to the Sege Park zoning plan, any facility located in the
city-owned common area needed to bene�t all Malmö’s citizens, not just a few actors in Sege Park. If the
PV plant was a facility owned by, for example, a distributed system operator (DSO) and its production
was delivered to Malmö’s general electricity grid, than a ground-mounted PV plant could be an option. In
this case, it would be considered a public utility with broad bene�ts for all Malmö citizens (Memory notes
by Malmö City, 17 Jan 2019). At a meeting on 17th of January 2019, the DSO noted that they expected
50% of the local electricity demand to be covered by production within Sege Park, and that the other 50%
could be covered by a PV park somewhere else in the region, outside both Sege Park and Malmö itself,
i.e., it was not necessary for the DSO to use the green area in Sege Park (Observation, 17 January 2019).
After the meeting, the property developers seemed to abandon the idea of a ground-mounted PV plant,
though the idea of a microgrid survived.

ÅF, a consultancy �rm, was hired by the property developers to investigate potential energy system
solutions, including a microgrid, for Sege Park. The starting point in ÅF’s report for discussion of a smart
grid was the establishment of PV solar production in the area. Even though a ground-mounted PV plant
was not an option, rooftop PVs were to be installed. ÅF stated in its report that within Sege Park, the
different properties have different conditions for rooftop PV installation: some roofs were under
conservation protection that forbade PV installation, and other roofs might have designs unsuitable for
PV installation. However, the property developers wanted to use the solar energy produced in the area in
all the area’s properties. A microgrid would be a solution allowing buildings without PVs to be connected
and bene�t from the solar power produced in the area (ÅF, 2019).
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The ÅF report described the advantages of a microgrid. For example, a microgrid would allow the
increased self-use of PV power, which would be bene�cial because the cost of buying one kWh of
electricity exceeded the compensation received for selling an equivalent amount of electricity back to the
grid. In addition, power peaks in the area could potentially be lowered, as the power use could be
averaged over more consumers.

There were no technical di�culties in installing such a solution; rather, the problems related to the legal
framework. According to Chap. 2 of the Electricity Act, which concerns grid concessions and the
regulation of exemptions from the requirement for grid concessions, an electrical distribution line must
not extend between buildings. There are exceptions in the Act allowing internal networks to be built, for
example, within a building or between facilities and buildings not intended as residential buildings but
that are near residential buildings (e.g., bicycle parking, recycling, and laundry facilities). Certain types of
properties are also exempted, such as hospitals, schools, airports, and agricultural facilities.

The report also emphasized that the development of the area was proceeding quickly and that the law
was not keeping up. There was a signi�cant possibility that the regulations would eventually change, but
that a microgrid in Sege Park would be in con�ict with the Swedish regulations existing at the time. For
legal reasons, the consultant could therefore not recommend the construction of a microgrid connection
between the properties, although the consultant was otherwise positive regarding the microgrid as a
technical solution. The report said that it would be possible to prepare for a later microgrid, i.e., to lay
down empty conduits; however, it later turned out that this assumption was wrong, and that it would
violating existing law even to prepare for a microgrid (Observation, 30 January 2020).

3.2 De�nition and purpose of a distributed energy system
Sege Park o�cial documentation, strategies, and goals are written so as to support the concept of a
distributed energy system (DES). In policies and strategies such as the Climate and Recycling Agreement
and the Sustainability Strategy, the energy system as de�ned resembles a local DES. The stated purpose
of the system is that it should be 100% renewable, that it should contribute to levelling electricity demand
peaks, and that it should be a smart grid, with the implicit assumption being that the system will be
owned by the DSO. The system as described could be controlled by any actor as long as it ful�ls the
criteria set for the area; however, the Climate and Recycling Agreement for the area was made with the
energy company, and this is re�ected in its formulations, with the only actor speci�cally mentioned in the
Agreement being the DSO. Also the Sustainability Strategy mentions only one actor, the DSO, and that is
when the Strategy states that the DSO should be approached for dialogue about a smart grid. The DSO is
a key actor in the Sege Park area, as the energy company that signed the Sege Park agreement in
January 2018 is the DSO in the area and owner of the district heating system. It is also the actor leading
the dialogue when the energy theme is discussed, or as one property developer put it:

We can choose DSO 1, DSO 2, DSO 3 [i.e., different solutions provided by the same DSO], but we may
want to choose a completely different solution. (Property Developer 5)
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The DSO was the actor leading the energy discussions at the dialogue meetings, giving the participants
the opportunity to de�ne the energy system and its purpose. It seemed clear that the DSO saw Sege Park
as part of the wider electricity system, always discussing it in terms of how Sege Park could contribute to
the whole system. At a February 2019 meeting, the DSO re�ected on what kind of value a community-
owned system should offer. Again, the DSO emphasized that an important value was that Sege Park was
part of Malmö’s electricity system, and by minimizing peak demand in Sege Park, the district would
bene�t Malmö’s system (Observation, 17 February 2019). This comment did not lead to any discussion
among the property developers. Nonetheless, the DSO had a broader system de�nition than did the
property developers, which in general de�ned the system as delimited by the boundaries around Sege
Park.

The property developers did not directly discuss the purpose and de�nition of the energy system during
the meetings. They applied a more problem-based approach, discussing how to achieve the goal of
achieving 100% renewable electricity supply, with solar power being the main focus. The property
developers are the actors who are able to install rooftop PVs and, as mentioned above, the microgrid and
direct-current (DC) grid concepts are related to �nding a way to share self-produced electricity within the
area. During the interviews, many property developers expressed their desire for a shared solution in the
area:

We will install solar panels in any case, but if there is a common solution, that would be interesting.
(Property Developer 13)

We have looked into what we as property developers can have: a grid that property owners themselves
own; DC so that we can keep the energy within Sege Park. Those solar panels that are planned will be
connected to the existing grid, but then we have to sell back to the main grid. With DC, we could keep the
energy within the district. (Property Developer 1)

We would like to look at distribution in the district between those who use electricity, but that is expensive.
Sending electricity between houses would be interesting, but that is too expensive and there’s not enough
activity during the daytime. (Property Developer 2)

We would like to share solar energy that we produce, between us property developers and trustees.
(Property Developer 3)

It was often implicit in the statements that the property owners wanted a system controlled by the
residents and companies in Sege Park. The DSO’s strong position was furthermore questioned by the
property developers, most of whom wanted a more neutral party to lead the discussions of energy, as the
following quotations illustrate:

The DSO is problematic – I am surprised that there is such a tight link between the City of Malmö and the
DSO. But we [i.e., the company] have talked with other energy companies as well. (Property Developer 4a)

Yes, the DSO is a powerful actor, but they are acting out of self-interest. (Property Developer 1)
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It is problematic that there is a large energy player that is given a lot of latitude. It is somewhat strange
that they come in and set the agenda for the area. (Property Developer 12)

3.3 The use of direct/alternating current and ownership of
the system
A discussion topic closely related to the microgrid was the possibility of using a DC grid instead of an
alternating current (AC) grid. The idea of a DC grid was raised by the property developers. They noted that
most appliances operate on DC, and that a DC grid would be especially bene�cial in combination with
rooftop PVs, which generate DC that needs to be converted to AC if an AC grid is installed. The DSO was
reluctant to invest in a DC grid, stating that “it would be very expensive because it would not be an off-the-
shelf solution” (Observation, 19 Jun 2018). The DSO moreover stated that a DC grid could imply the need
for two parallel grids in the area, because there would also have to be AC in the buildings for all services
to function properly. The need for two grids was con�rmed by the ÅF consultant, who furthermore found
that the savings would be insu�cient. ÅF calculated that a DC grid would save users 2%, and that while
the cost of the grid was uncertain, it would “cost a lot” (Observation, 17 Feb 2019). The ÅF report was
followed by another investigation conducted by the consultant �rm Knowit, which reached the same
conclusion, i.e., that it was not �nancially justi�able to invest in a DC grid. Knowit’s calculations showed
that PVs in combination with a DC grid would not be �nancially better than having PVs in combination
with an ordinary AC grid (Knowit PPt presentation, 30 January 2020).

In connection with Knowit’s presentation of its investigation results concerning the potential for a DC grid,
a general discussion of establishing a local microgrid started. At a meeting on 30th of January 2020, a
consultant who had installed a DC grid in another area in Sweden was invited by one property developer
and participated via phone. When this consultant was asked for his opinion of microgrids and DC
systems, it turned out that he was working with an energy community (EC). The consultant said that ECs
were important at the EU level as part of the overall energy system transition. When creating an EC, he
thought it was advisable to try to connect buildings and share PV production. However, this consultant
had worked only with housing associations, which made the question of regulation unproblematic, since
only single property owners were involved (Observation, 30 Jan 2020). In Sege Park, however, there are 12
property developers and connecting them in a microgrid would be illegal.

Furthermore, this consultant emphasized the need to focus on values other than economic ones when
establishing an EC: the main issue the property developers needed to clarify between themselves was
whether they had an interest in jointly owning and maintaining an energy system. He emphasized that an
investment in a microgrid or DC grid, or any other cooperatively owned energy system, should not be
motivated by �nancial reasons alone, but be based on other rationales and values. The decision should
be related to the possibility of controlling the system in the future, including controlling electricity
consumption, distribution, and production. The decision would be a strategic one concerning what Sege
Park would be like as a community. The consultant had no comment on Knowit’s �nancial calculations,
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but noted that the calculations were based on today’s energy system, taking no account of future
developments, such as increased grid fees (Observation, 30 Jan 2020).

In the discussion that followed, the issues of ownership and the motivation for joint ownership of the
energy system in the area were explicitly discussed. One property developer stated that they needed to
make a decision in relation to today’s system. His company had no interest in predicting the future, but
had to rely on current facts. Another property developer agreed, stating that they could not neglect
economic considerations in their decision, as all investments needed a sound �nancial basis. A third
property developer emphasized that the investment had to contribute to an environmentally sustainable
development model, and that the environmental bene�ts of a DC grid were unproven: considering
Knowit’s investigation results, it was better for the environment to optimize PV usage than to invest in a
DC grid (Observation, 30 Jan 2020).

A property developer known to support a microgrid in Sege Park disagreed, stating that a DC grid would
bene�t the environment. With a DC grid, a lower fuse level could be used, helping lower electricity demand
peaks and bene�tting both the system and the environment. Another property developer was
unconvinced, and responded that the DC grid would not bene�t the environment, but that batteries would.
The Knowit consultant interjected that the environmental value of a DC grid was low. Yet another property
developer said: “I can pay for an improved environment, but I don’t want to pay for anything that doesn’t
have any environmental value. I don’t think the environmental bene�ts are big enough. If this is correct,
then the DC grid needs to be pro�table, have economical bene�ts” (Observation, 30 Jan 2020).

The meeting ended with mixed feelings, its being unclear whether they should proceed with a DC
microgrid, an AC microgrid, or neither. When asked at the next meeting, the most pro-microgrid property
developer said it seemed as if they would drop the idea. He still favoured the idea, but given the
regulations, that time was running out, and that the electricity grid was already under construction in the
area, he saw little point in continuing to drive the issue (Observation, 12 Mar 2020).

During our interviews with the property developers, some of them did assume that the property, not the
DSO, owners would own the grid:

I think it would be more exciting if supplementary solutions, in addition to district heating, were tried out
at a small scale by us builders. The DSO wants general solutions that they can roll out. They are not as
inclined to try new things at a small scale. (Property Developer 10a)

The DSO, in contrast, assumed that it would own the grid. At one dialogue meeting, a DSO representative
said: “The property owners own the electricity in their property. In the area, the grid owner owns the grid”
(Observation, 19 Jun 2018).

Some property developers were more hesitant when it came to microgrids and DC solutions:

We have our property limits and must work according to contract. To think that we should try out a new
way is to bite off more than we can chew. I don’t think there will be many of these energy solutions –
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they’re too visionary. We like to work slowly and in small steps and stick to the traditional process.
(Property Developer 12).

Another property developer also re�ected on how they seemed to end up with a traditional system and
traditional energy actors:

There are quite a lot of rules that prevent us from producing as much electricity as we would have liked.
They also prevent off-grid solutions. We tend to end up with traditional solutions that do not require
coordination [between the builders]. (Property Developer 6).

Some property developers related the traditional solutions presented to the conservative regulations: “The
laws put some obstacles in the way of development. It was also that way that way earlier with solar
energy” (Property Developer 10b), while others believed that the lack of new innovative solutions was
related more purely to the DSO’s central and dominant role in the process: “It is good that the DSO can
showcase [what it has to offer], but not good that it is the only solution presented. There are much better
solutions with geothermal heat and also if we could connect our own energy system” (Property Developer
5).

One interviewee from the city of Malmö explained the DSO’s role in Sege Park but also in relation to the
city in general:

The City of Malmö has sold the energy questions to the DSO, and in that way we sold our control over
these issues. Previously we, the city, owned an energy company but we don’t anymore. Now we need to
work differently by connecting the property developers and the DSO. (Representative the city of Malmö).

The city has no control or power over the DSO or the property developers, but instead needs to work
through collaboration and dialogue. For the City of Malmö, the most feasible approach is to work with the
DSO, which owns both the electricity grid and the district heating system, to achieve the adopted
sustainability goals:

One can say that the Climate and Recycling Agreement between the City of Malmö, the DSO, and the
water and sewage company are part of reaching a joint solution and acting in the same spirit. It does not
help that, if we think of something, it is still the DSO that builds the system, so we also have to work
preparatively with the DSO. It’s about engaging them too. But they are really engaged, so it is great fun.
(Representative the city of Malmö).

4. Discussion
This paper has presented how the idea of constructing a microgrid has been on the agenda since the
start of the Sege Park project. It has been investigated more or less in depth with the recurring conclusion
that a microgrid is not currently an option. It has been seen as �nancially infeasible and as offering
questionable environmental bene�ts. Some of the property developers have not, however, given up the
idea of a microgrid in Sege Park. Even when they were given the message that it is not currently legally
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possible, not pro�table, and offers no obvious environmental gains, they have kept returning to the desire
to install a microgrid.

In Sege Park, the microgrid investigations and presentations have been technically oriented. Off-grid
solutions are typically expensive (Liu et al., 2019), and when standardized solutions are lacking, the
conclusion that a microgrid in Sege Park would be neither economically nor environmentally bene�cial is
unsurprising. Studying the documentation connected to Sege Park, the consultancy reports, and the
presentations made during the dialogue meetings, it seems as though the key actors are locked into
centralized solutions bene�cial to incumbent actors such as the DSO in this case (Palm, 2006; Smith et
al., 2005). Decentralized ownership has been put forward as an enabler of the transition towards a more
renewable energy system (Haney & Pollitt, 2013; Johnstone et al., 2020), but there are many barriers to
such change.

From a DES perspective, the transition to renewable energy systems can be made without any change in
ownership. The DSO, city, and involved consultants did not consider ownership a central issue. For them,
it was instead a non-issue, its being taken for granted that Sege Park should have a centralized system
owned by the DSO. This was also the pathway followed by the Swedish Energy Markets Inspectorate,
when it suggested that ECs should not be allowed to own electricity grids.

The idea of developing an EC in Sege Park was voiced by some of the property developers. They wanted
to have a microgrid, owned and controlled by the property owners, for the purpose of sharing self-
produced PV power between themselves.

The two pathways, DES and EC, have considerably different implications for how a microgrid in Sege
Park should be assessed, differing in the systems’ value, ownership, and societal contribution. If a DES is
in focus, for example, it is bene�cial to install a PV system that can contribute to the city’s grid during
surplus. In this scenario, Sege Park as an area is seen as an important actor helping level demand peaks
in the city’s grid, helping reduce the effects of a lack of grid capacity that make themselves felt in certain
periods. Furthermore, from a DES perspective, it is unpro�table to install a DC grid, because such a grid
cannot bear its own costs. This is also a view articulated by the Swedish Energy Markets Inspectorate,
which emphasizes the development of a national network in which all parts interact to optimize the entire
system’s bene�ts. To avoid “cherry picking”, those who can afford to build their own networks, not paying
for those of others with fewer resources, are not encouraged. In this way, the grid serves all citizens, and
the EU mission of providing clean energy to all citizens can be realized (Ei R2020:02).

If an EC is in focus, aspects other than just economic ones are emphasized. From this perspective, local
ownership by Sege Park residents has inherent value. The feeling of owning the grid together and not
needing to rely on a multinational company has value in itself and will help build trust and engagement in
the district. Several property owners saw value in knowing that they were sharing excess electricity from
their PV panels directly with neighbours in the area, without going through the DSO. This has economic
value because they would avoid the grid fee and could likely lower their fuse level, leading to a lower
tariff. Moreover, sharing with one’s neighbours has value in itself; in this vision, a microgrid becomes part
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of building a local community where residents share many things, including electricity, with one another.
This aspect was not considered by the DSO or the city. This led to a situation in which, when a microgrid
was being investigated, values associated with engagement, the feeling of joint ownership, and being
independent of the bigger grid were excluded from the analysis.

These two parallel pathways coexisted during the planning processes but confronted each other
surprisingly seldom. It was �rst at a meeting in January 2020 that the two pathways were simultaneously
in evidence. The consequences of building a DES or an EC were not clearly articulated, however, and no
real decision was made. Yet, in practice the pathway has already been chosen: the area is under
construction and the DSO has started both to lay district heating pipes and connect the area to the
electrical grid. The physical system will likely in�uence both the organization and ownership structure of
the area.

5. Conclusions
This paper has described the Sege Park planning process, where two different models for building a
microgrid can be identi�ed. From a distributed energy system (DES) perspective, a wider system
approach is applied and developments in one city district are related to how they affect the central
system; system ownership is a non-issue and values other than technical and economic ones are not on
the agenda. An energy community (EC) perspective emphasizes other values, such as the values of small-
scale ownership and control, of involving players who can develop the system in different ways, of
building interest in becoming prosumers and sharing electricity with one’s neighbours, and of fostering a
sense of belonging.

Our �ndings suggest that there are many barriers to establishing ECs in Sweden: regulations; the
existence of centralized heating and electricity systems based mainly on nuclear generation, hydropower,
and biofuels; and planning processes that privilege existing solutions and incumbent actors. Interest in
PV ownership and the emerging interest in microgrids have potential to shift the pathway to a more
decentralized system with a variety of ownership structures. It is signi�cant to consider the property
developers’ desire to create a local grid and foster electricity sharing within the area as well as their
openness to innovative solutions. These �ndings from Sege Park suggest the possibility of a combined
model, with small-scale PV production owned by property owners and a microgrid centrally owned by the
DSO and connected to the main grid. This solution would, however, not encompass the values that the EC
pathway includes, such as local control over systems and keeping and sharing pro�ts in the community.

In the future planning of local energy systems and smart cities, values other than just economic and
technical ones should be considered. It is important to start discussion of de�nitions, purposes, control
mechanisms, and ownership early in the planning phase, to avoid lock-in effects and prevent the
technical systems �rst installed when a green�eld area is being developed from determining the possible
ownership outcomes of the system. A change in Swedish regulations currently seems unlikely, but
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considering new business models in which pro�ts can stay in the community could be a potential way
forward.
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