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Abstract: The dissemination of decentralized renewable energy generation, storage and smart
metering devices has led to the need for new business models and coordination mechanisms in
the energy sector. At the same time, the emerging sharing economy focuses on using digital platforms
to coordinate value creation on a decentralized level. While sharing concepts have already been
applied to specific energy technologies and microgrids, a more general understanding of what the
sharing economy means in the context of the energy sector is still missing. This paper aims to bring
these two topics together and to analyze their interfaces and overlaps. For this purpose, this paper
draws from existent scientific publications, reports, blog posts, and websites as well as company
workshops to discuss which activities and characteristics of the sharing economy might be applicable
to the energy sector. Results show that there are significant overlaps in characteristics of the sharing
economy and of the transitioning energy system. Furthermore, a broad range of business models
within the energy system were found to be based on sharing resources. The findings of this study
open up a range of new research and business opportunities at the interface of the sharing economy
and the transitioning energy system.
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1. Introduction

Uber and Airbnb are two companies that have disrupted the mobility and hospitality sector,
respectively, by using digital technologies, employing new market coordination mechanisms and
capitalizing on products and services facilitated by individuals in a decentralized manner instead
of by the firm itself [1]. Together with companies that offer carsharing, tool sharing, skill sharing,
or crowdfunding platforms, these organizations are considered as part of the sharing economy [2,3].
At the same time, capacities of distributed renewable energy generation and storage facilities are
increasing and result in the need for new business models and coordination mechanisms in the energy
sector. In the context of these two distinct but possibly synergetic developments, various researchers
and practitioners have started to transfer principles and ideas of the sharing economy to the energy
sector [4-6].

In this context, researchers have drawn on ideas of the sharing economy for a more profitable and
efficient use of demand-side energy technologies such as energy storages [7-9]. Others have focused
on developing market designs where prosumers (i.e., a producer and consumer of electricity) may
share their energy and resources peer-to-peer (P2P) in energy communities or micro-grids [10-12].
Furthermore, sharing energy has been regarded as a possible business model where prosumer needs
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and behavioral aspects should be considered, regulatory barriers need to be overcome, and the energy
transition can be driven forward [6,13-15]. While these important research advancements focus on
specific technologies, particular business models or possible market systems for prosumers, a more
general understanding of what the sharing economy means in the context of the energy sector is
still missing. Specifically, this means understanding electricity as a very complex good where P2P
sharing might not be easily implemented or poses different challenges compared to shared cars,
rooms or digital content. On the other hand, sharing huge power plants has always been part of
the electricity system and is hardly anything new. To shed more light on how the sharing economy
and the transitioning energy system might interact, the purpose of this paper is to carve out what
the general interfaces and overlaps between these two topics are. Accordingly, this paper uses a
profound understanding of the sharing economy as a foundation to discuss how business models and
characteristics of the sharing economy can be applied in the context of energy. Without claiming to
be comprehensive, it draws on scientific as well as grey literature, including articles, blog posts and
websites, to assess the current state of research and practice in this area. Furthermore, workshops with
companies from the energy sector that have already adapted aspects of the sharing economy in their
business model are conducted to gain qualitative empirical insights on this issue.

Findings of this paper show that there is a wide range of businesses active along the interface of
the sharing economy and the energy sector. A systematization of the sharing economy was used to
structure these new business models along three dimensions of sharing activities, namely the shared
good, the market orientation and the market structure. This systematization can help practitioners to
position, adapt and extend their organization’s business model along these dimensions. Furthermore,
joint characteristics of the sharing economy and a transitioning sustainable energy system, such as
the relevance of platform organizations, leverage on digital technologies and increased potential for
consumer-to-consumer interaction, allowing both fields to learn from one another and open new
pathways for researchers emanating from the separate domains.

The paper is structured as follows. Section 2 provides the theoretical background on what the
sharing economy is. It may appear out of scope for readers of this journal, but it provides the necessary
comprehensive introduction this new topic calls for when hoping to understand the extent to which
it can be applied in the energy sector. Section 3 describes how a broad range of online materials and
empirical company workshops were used to identify and analyze possible applications of sharing
economy concepts in the energy sector. Section 4 then presents the results of this study and discusses
what scholars and practitioners in the field of energy may learn from it. Section 5 gives a brief
conclusion of this paper.

2. Theoretical Foundation—What Is the Sharing Economy?

This section draws on existent literature to lay out what the sharing economy is. First, it describes
what different meanings of the term “sharing” exist in the context of the sharing economy. Second,
it enumerates defining characteristics of the sharing economy and, third, it gives an overview of how
activities and business models of the sharing economy might be structured and systemized.

2.1. Different Meanings of the Term “Sharing”

To understand some of the issues involved when trying to define the sharing economy, it is useful
to take a step back and consider what the term “sharing” actually means. Traditionally, “sharing
something” was either done in the inner circle of a family, friends, or a village and was based on
strong social ties, or it was done with others to establish social bonds, e.g., a household sharing food
and shelter with a guest [16,17]. This form of social sharing, accomplished through joint ownership
and community acts of giving and receiving, is considered as ‘true sharing’ and, according to some
scholars, should be at the core of the sharing economy [18,19].

However, along with the social relationship that is the base or the result of social sharing, there are
also economic advantages of sharing within a group [16,20]. As a consequence, goods can be shared,
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instead of owned and used only individually, to make full use of their capacities [21]. Accordingly,
economic sharing of a good, as in sharing a taxi or an apartment, can save costs and resources and is
another valid use of the term sharing [22].

Besides the socio-economic perspectives of sharing as an act of distribution, sharing can also
be used in the context of communication [23,24]. People share their feelings with loved ones, share
knowledge within their community and share ideas and information with colleagues. Although
this form of communicational sharing of knowledge and information is closely related to sharing and
distributing a good, the important difference is that sharing information is not a zero-sum game,
as knowledge multiplies when shared [25]. This means that if knowledge is shared or given from one
actor to the other, both actors now possess this knowledge; in other words, the sum of what is given
and what is received does not equal zero as with other goods.

All these three meanings of sharing have changed considerably due to the internet and digital
technologies. It is now possible to extend acts of sharing to online communities and people all around
the globe [26]. While in some cases social relationships may be established and online or offline
communities are built via the internet, in other cases, they are not and sharing goods and information
is motivated and understood on a purely economic basis. Furthermore, another dimension of sharing is
added by the occurrence of digital content sharing, which enables people to multiply and disseminate
videos, music, information, and knowledge at almost no cost [25,27].

Another important aspect which contributes to the understanding of the term sharing is the
definition Benkler [21] provides for ‘shareable goods’. According to his explanations, shareable goods
need to be lumpy and mid-grained. Lumpy means that the goods come in a certain capacity which is
not completely identical with the individual demand and, thus, create excess capacity. Mid-grained
means that goods are affordable and well distributed among the people of a society. In contrast
to mid-grained goods, large-grained goods are too expensive for individuals, or even have locally
shared ownership and are owned by large companies or the state, which provide services based on
these large-grained goods (e.g., power plants or infrastructure) [21]. Consequently, these types of
goods are excluded from the analysis within this article. While cars and computers, examples to
which Benkler [21] refers in his article, have been mid-grained for some time now, energy generation
and storage technologies are only now becoming mid-grained and, thus, are currently opening as a
field for new sharing possibilities. “If enough individuals in society buy and use such mid-grained
lumpy goods, that society will have a large amount of excess capacity ‘out there’, in the hands of
individuals” [21].

2.2. Definitions and Characteristics of the Sharing Economy

In addition to discussions on which the form of sharing is at the core of the sharing economy,
the novelty and dynamic of the phenomenon, and simultaneous efforts of research, press, and industry
to describe what the sharing economy is and who is part of it, have resulted in a range of differing and
partly conflicting definitions [18,19,22]. Meanwhile, research has attempted to synthesize and make
sense of this somewhat ambiguous concept [22,28-31]. As a synthesis of the status quo of sharing
economy definitions, Table 1 summarizes some of the most recent contributions.

However, as these definitions still struggle to balance being too broad, i.e., including too many
activities and being too narrow, i.e., leaving out too many activities that are considered sharing by
others, some scholars have moved on to mapping the sharing economy by systemizing it and seeking
out its core characteristics [28,30-32]. Accordingly, instead of focusing on one clear cut definition of
what the sharing economy is or is not, this paper builds on defining characteristics or attributes of the
sharing economy to see how these can be transferred to the energy sector. To gather the most common
characteristics of the sharing economy, these were collected from publications which had compiled
and synthesized these characteristics from a multitude of different sources themselves [22,28,31,33].
As aresult, Table 2 represents a list of the most frequently indicated sharing economy characteristics.
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Table 1. Illustrative definitions of the sharing economy.

Publication Definitions

Codagnone et al., 2016 [29]

“the expression sharing economy is commonly used to indicate a wide
range of digital commercial or non-profit platforms facilitating
exchanges amongst a variety of players through a variety of interaction
modalities (P2P, P2B, B2P, B2B, G2G) ! that all broadly enable
consumption or productive activities leveraging capital assets (money,
real estate property, equipment, cars, etc.) goods, skills, or just time”.

Frenken & Schor, 2017 [22] “Consumers granting each other temporary access to under-utilized

physical assets (“idle capacity”), possibly for money.”

Munoz and Cohen, 2017 [31] ~ “A socio-economic system enabling an intermediated set of exchanges of
goods and services between individuals and organizations which aim to

increase efficiency and optimization of sub-utilized resources in society”

1pop = peer-to-peer, P2B = peer-to-business, B2P = business-to-peer, B2B = business-to-business and G2G =
government-to-government are possible interaction modalities in the sharing economy and refer to the actors
involved in a sharing economy transaction, where ‘peer’ is used as a synonym for consumer.

Table 2. Key aspects of the sharing economy.

Sources

Acquier et al., 2017 [28];
Frenken and Schor, 2017 [22];
Munoz and Cohen, 2017 [31];
Botsman, 2015 [33].

Aspect Description

Platform-based Business relies on a digital or

physical platform for collaboration

Leverage on digital technologies
to enable sharing with strangers

Business leverages or relies on
technology to operate.

Acquier et al., 2017 [28];
Frenken and Schor, 2017 [22];
Munoz and Cohen, 2017 [31].

Consumer-to-consumer/
peer-to-peer interaction

Business model enables and/or
relies on peer-to-peer interactions

Acquier et al., 2017 [28];
Frenken and Schor, 2017 [22];

and transactions. Munoz and Cohen, 2017 [31].

Acquier et al., 2017 [28];
Frenken and Schor, 2017 [22];
Botsman, 2015 [33].

Acquier et al., 2017 [28];
Frenken and Schor, 2017 [22];
Munoz and Cohen, 2017 [31];
Botsman, 2015 [33].

Acquier et al., 2017 [28];
Munoz and Cohen, 2017 [31];
Botsman, 2015 [33].

Business enables short term access
to assets (material resources or
skills) to optimize their use.

Access instead of ownership

Under-utilized resources/making
better use of idle capacities

Resources are shared by users and
the business relies on excess
capacity of resources.

Shared values/mission driven Ecological and social logics are
driving community based

business models.

Although some of these aspects are at the core of the sharing economy, not all of them have to be
existent for a given company to be part of the sharing economy [31]. Nevertheless, the more attributes
which are integrated in their business model, the more likely organizations might be considered as
such. After all, sharing economy companies are not all the same and have different specifics in their
business model [28,31].

2.3. Types of Business Models of the Sharing Economy

Following the line of thought that the sharing economy is not one homogenous phenomenon
but an overarching concept with diverse business models, Plewnia and Guenther [32] proposed a
typology for different sharing economy activities. This typology distinguishes four dimensions, namely
the shared good, the market orientation, the market structure, and the industry sector the sharing
activity takes place in. The shared good dimension asks the question of what is being shared and
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differentiates along a spectrum of tangible towards intangible goods between material (recovery and
recycling), products (redistribution markets), product service systems (PSS), space, money, workforce
(time and skills), knowledge, and education, as well as data and information. The market orientation
distinguishes sharing platforms that are based on for-profit (i.e., a fee is paid for a service) or non-profit
(i.e., service or good is distributed for free) transactions between actors but can also assess if a
business model is oriented towards global or local markets or based on online or offline platforms.
The market structure of a sharing business model can be business-to-consumer (B2C), as in conventional
carsharing; consumer-to-consumer (C2C), as in Airbnb or Uber; consumer-to-business (C2B), as in
in crowdfunding or crowdsourcing platforms; business-to-business (B2B), as in industry networks;
or government-to-consumer (G2C), as in city bike sharing schemes. The last dimension addresses
the industry sector the sharing business model has been established in, which might be the mobility,
hospitality, entertainment, or, as is the focus of this paper, energy sector.

All these theoretical approaches have been developed to map out and conceptualize the sharing
economy in general. Based on these theoretic approaches, the goal of this paper is to analyze how
concepts of the sharing economy are or can be transferred to the energy sector, especially in the light of
transitions towards a more sustainable, renewable and distributed energy system.

3. Methods

To enhance the conceptual understanding of how the sharing economy can be applied in the
energy sector, three major steps are taken. First, literature on the sharing economy in general was
analyzed to gain a profound understanding of the phenomenon labelled the ‘sharing economy’.
Findings of this preparatory work were summarized in the previous section.

As a second step, new business models, activities or companies within the energy sector which
were associated with the sharing economy or related terms were searched for. To find publications
or documents which referenced ideas of the sharing economy in the context of the energy sector,
an explorative search was conducted in scientific and other databases. Keywords, such as “energy

Zanr i

system”, “prosumer”, “demand side management”, or “electricity grid” were used in combination

”oou v

with the terms “sharing economy”, “collaborative economy”, “peer economy”, “Uber”, or “Airbnb”.
Based on initial results, documents containing the terms “peer energy”, “cloud energy”, or “energy
sharing” were also searched for. Furthermore, sources, projects and companies which were cited within
the found documents were added to the analysis. Consequently, results included in the analysis were
not restricted to scientific articles but also contained conference proceedings, presentations, reports,
news articles, blog posts, as well as company and project websites. In total, the content of 70 sources
was analyzed for intersections between new business models in the energy sector and the sharing
economy. However, this paper does not claim to provide a comprehensive systematic overview of
all work done on the interface of the sharing economy and the energy sector. Rather, it takes a more
conceptual approach towards combining the two topics. Accordingly, the documents found were used
to analyze, following the typology of Plewnia and Guenther [32], which types of sharing economy
business models are already applied in the energy sector and which might be explored in the future.
Based on the results of step 1 and 2, company workshops were conducted to discuss how aspects
of the sharing economy may be applied in the energy sector and which sharing business models
might be viable in the energy sector in the future. For this purpose, five companies within the energy
sector, which had already implemented aspects of the sharing economy into their business model
and were roughly familiar with the phenomenon, were selected. These companies were all based and
mainly operating in the energy market of a developed country where the transition towards renewable
energies had already advanced significantly and business models were currently changing, namely in
Germany [34-36]. Within the workshops, the companies were asked about their understanding of the
sharing economy, they were made familiar with the conceptual understandings within the literature
presented in Section 2, and were asked how this might apply to their business model. Furthermore,
they were asked to arrange their firm activities with respect to sharing in the typology presented in
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Section 2.3. Finally, it was discussed whether they could imagine future sharing activities for their
company based on the workshop results. Workshops were held with each of the five companies
individually, giving a total of five workshops overall. The number of workshop participants ranged
from one to five persons and the duration of the workshops was between 63 and 107 min. All names
of workshop participants and their statements were anonymized for the evaluation of the workshops.
A short overview of workshop participants is presented in Table 3. The steps taken during the research
process and associated results are illustrated in Figure 1.

Table 3. Overview of conducted company workshops.

Company
Participating in Company Field of Activity ECrr(:n}EaIelZs PZ:;ESI;ZIZS ‘l]\)k:éi?oor{)
the Workshop ploy P
41 Municipal utlhty.pArowdmg a 5250 4 107 min
peer-to-peer electricity platform
#2 Digital electricity provider <50 5 85 min
#3 Green electricity provider <50 1 89 min
41 Producer of home energy 2250 1 85 min
storage systems
45 Peer-to-peer electricity platform <50 1 63 min
for green and local energy
Working steps Results

Step 1
Conceptual understanding of

Literature review on the the ‘sharing economy’
sharing economy in general phenomenon

(Section 2)

ooz L

Insights of which types of
sharing economy business
models are already applied in

Literature review of sharing
economy business models in

|

the context of energy the energy sector
(Section 4.1)
Step 3 @ @
Five workshops with Understanding of how sharing
companies in the energy sector economy characteristics can be
which apply aspects of the |:> transferred to the transitioning
sharing economy in their energy sector for mutual
business model learning (Section 4.2)

Figure 1. Steps of research process and associated results (own illustration).
4. Results

The results of this paper discuss how ideas and principles of the sharing economy can be
transferred to the energy sector in two ways. First, existent and possible business models on the
interface of the sharing economy and the energy sector, which were gathered through the literature
analysis and company workshops (steps 2 and 3, Figure 1), are described along the typology of
sharing activities by Plewnia & Guenther [32]. Based on this overview and the insights from the
company workshops, it is examined how characteristics of the sharing economy may also apply to the
transitioning energy system and what we can learn from them.
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4.1. Sharing Economy Business Models in the Energy Sector

As explained in Section 2.3, the sharing economy can be roughly systemized along four
dimensions: the shared good, the market orientation, the market structure, and the industry sector.
With respect to the industry sector, other studies that discussed the sharing economy in general have
focused more on the sectors hospitality, mobility or consumer goods [37-39]. However, this paper
seeks to discover the intersections of the sharing economy and new business models in the energy
sector and, accordingly, only considers the latter. However, with respect to the other dimensions,
business models associated with sharing were found to be discussed in almost all categories of the
typology (compare Figure 2). In the following, each category of the dimension of shared good will be
reviewed in a separate subsection, where the dimensions market orientation and market structure are
also addressed within each of these subsections.

4.1.1. Material and Energy

This category, which was originally labelled ‘material (recovery and recycling)’, was complemented
with ‘energy’ as the good energy seemed most fitting to this category as it considers raw input materials
and how these can be shared or redistributed for optimal usage. Although the tangibility of energy is
debatable, it can be considered a very tangible good when considering its basic physical attributes.
Furthermore, it is an input variable in many production processes and it can also be recycled or
recovered along the process (i.e., in the form of heat). For this reason, it was attributed to the category
‘material” within the systematization used within this paper.

With the technological development of decentralized energy system components, electric energy
generation and storage devices are currently becoming more and more cost efficient and affordable for
small actors. As lumpy and mid-grained goods are increasingly distributed among businesses and
private households (compare Section 2.1), energy technologies come with certain capacities. These
capacities do not always match the demand of the individual owner and, thus, provide excess capacity
which can be traded or shared on secondary markets [21]. New developments in the energy sector
take account of these developments and offer business models meant to utilize these excess capacities.

The concept which is most discussed in this context is P2P or C2C energy sharing or
trading [10,12,40]. Platforms, provided by companies like Beegy, Buzzn, Vandebron, Sonnen, or Piclo,
offer their customers the possibility to ‘share’ their excess energy with other community members or
with buyers [41]. However, it must be pointed out that, as long as financial transactions are involved,
it is rather the PV or wind production facility that is shared economically instead of the energy itself,
which is sold and consumed as in traditional energy contracts (#4, #5). Additionally, due to the
complexity of the physical electricity grid, most P2P platforms and sharing energy communities enable
forms of virtual energy sharing and trading, where electricity is ‘shared’ on a balance sheet but not
physically (#4). In microgrids, on the other hand, the financial trading might correspond with the
actual physical flows of electricity.

These concepts might even gain more attraction due to blockchain technology, which drives
down the transaction costs and reduces the necessity of intermediaries. This might enable new
forms of energy sharing communities based on microgrids and virtual power plants, where sharing
energy within the microgrid is the most feasible option economically [11,42—44]. For the moment,
it remains unclear and might be an interesting realm for future research how these developments of
blockchain-coordinated microgrids and further reduction of technology costs will take the energy
system more in the direction of a ‘true’ sharing economy, where surplus energy is distributed at costs
close to zero [27].
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Figure 2. Overview of sharing activities in the energy sector (adapted from Reference [32]). EV = electric vehicles; P2P = peer-to-peer; PV = photovoltaic. Business
models indicated with an asterisk (*) are still at the idea stage and no specific implementation of this sharing activity was found.
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On a B2C basis, true sharing already occurs when companies are provisioning their customers or
employees with free energy at electric vehicle (EV) charging stations [45]. Furthermore, the shared use
of resources among businesses (B2B) has been discussed for a long time under the buzzword ‘industrial
symbiosis’. This concept might be based on for-profit or non-profit sharing and is gaining new attention
with the expansion of digitalization and the internet of things [46,47]. Although industrial symbiosis is
not really discussed in the context of the sharing economy as of yet, connecting these two research
domains might offer important new insights for experts of both fields.

4.1.2. Products (Redistribution)

Online redistribution markets in the context of energy technologies were not found within the
research scope of this paper. The reuse of EV batteries for home storage is viable and an environmentally
beneficial business model [48,49]. However, no relation to the sharing economy has been found so far.
The reuse of electric vehicle batteries and of other energy generation or storage technologies is only
possibly as a B2C or B2B business model because the disassembly and technical adaption is carried
out by specialized companies. A C2C business model has not been found and is probably difficult
to realize with the current state of technology, although it might be an option for the future. At the
same time, the necessity of centralized and specialized disassembly companies makes a local sharing
character within communities difficult. For now, these business models are more associated with a
circular economy than a sharing economy. However, in other cases, there might be overlaps between
the two latter concepts, especially within the categories material and energy, products, and PSS.

4.1.3. Product Service Systems (PSS)

To discuss goods in the energy system that are possibly shared based on PSS, three different types
of PSS can be considered: long-term leasing, short-term renting, and result-based PSS. First, long-term
leasing contracts are a form of PSS which can significantly contribute to the transformation of the
energy system but are not really a form of sharing [15]. Although this business model follows the
principle of ‘access instead of ownership’, the leasing contract usually covers most of the whole life
cycle of the product. Thus, this concept is obviously more comparable to car leasing than to carsharing
and costs or benefits of the product are not really shared with anyone. This form of long-term PSS,
however, might become a shared good if the excess capacity and the energy generated with this
capacity is shared within P2P networks as described earlier.

Short-term rental of goods, on the other hand, can be considered as sharing because products are
sequentially used by a large number of users which share the costs and benefits of this good. Examples
for short-term rental in the energy sector are EV carsharing, powerbank rental (e.g., Ampero) or EV
battery exchange systems. Because goods are shared on an economic basis within most business
models, this is another form of economic instead of social sharing.

Finally, result-based PSS offers a service without having to own a product even for a short period
of time. Business models proposed by Liu et al. [7] or Lombardi & Schwabe [8] offer these kinds of
services for energy storage systems on a B2C or B2B level. District storage systems can provide a
similar local form of sharing an asset (#3). However, when the storage is centrally owned, installed
and managed, this more or less resembles a conventional electricity system and is not the mid-grained
form of sharing as described by Benkler [21]. On the other hand, when cloud storage or generation
capacity is distributed among small owners or installations and is pooled to provide a service as a
‘virtual power plant’ on a C2B or B2B level, this business activity is based on privately shared resources
and represents a form of economic sharing similar to cloud computing [41]. On a C2C level, generation,
storage or EV charging facilities can be shared with others on a commercial or not-for-profit basis,
e.g., within energy cooperatives [50,51].
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4.1.4. Space

As renewable energy technologies require a certain degree of space and the right location to work
effectively, renting out space seems to be a viable sharing business model in the energy sector. Despite
the contracts being on a more long-term basis compared to other models of shared space, like apartment
sharing or garden sharing, several business models make use of this concept. Yeloha connected house
owners who had roofs with potential for harnessing solar power to private investors who lacked the
appropriate spot for PV installations [52]. The same concept might be possible for battery or heat
storage and other decentralized technologies like wall boxes on a C2C or B2B level where space within
basements, garages, etc. can be shared with others (#1). At the same time, PV-leasing companies are
already making use of this concept when installing capacities in households or companies and keeping
some of the profit generated by this installation. While business models in this field rely on economic
sharing of the used space, social and non-profit cooperation is also a possible form of sharing unused
land potentials.

4.1.5. Money

The distribution of money for the purpose of facilitating the dissemination of renewable energy
technologies and energy efficiency has already become a widespread business model. Crowd-financing,
-investing or -funding enables C2C, C2B or B2B provision of money either based on a fixed credit rate
or for free. Various platforms, like SunExchange, Mosaic, Econeers, or Bettervest, are active in this field
and have become an important driver of financing sustainable energy systems [15]. On a B2B level,
there exists a range of venture capital companies which allow businesses and investors to co-invest in
renewable energy innovations and start-up companies. Another form of B2B lending of money can be
seen with micro-funding initiatives [53]. Furthermore, microcredits can be granted on a B2C level to
help the dissemination of renewable energy technologies especially in developing countries. Similarly,
some companies have implemented “one-for-one schemes” (#3) or “crowd distribution platforms” (#1)
in their business models to channel money towards beneficial causes in the region or clean energy
sources in developing countries. Another form of non-profit sharing or exchange is facilitated by
digital currencies based on blockchain technology, such as SolarCoin, which enables PV owners to
create and exchange values in a solar community [42,54].

4.1.6. Workforce (Time and Skills)

On a B2C level, consultancy and installation of renewable energy technologies are services which
are often offered to customers. Still, this is not related to sharing in the sense of a sharing economy.
The explorative literature research on the sharing economy and energy management yielded no
results which would fit into this category. Nevertheless, helping each other in local communities
or in cooperatives might be a form a social sharing, which is not yet part of the discussion. Time
banking concepts including experts with specific knowledge of energy technologies might be a form of
organizing exchange of services in local energy communities of the future [50]. Furthermore, digital
platforms can be used to organize volunteering events of companies together with their customers,
e.g., to collect garbage from the riverbanks. These non-profit activities could strengthen customer
connections based on shared values inherent to some sharing platforms (#3). On a B2B level, skills
can be shared within shared service competence centers or by offering or making use of white label
products (#2).

4.1.7. Knowledge and Education

Whereas the other categories discussed above have always focused on a good being shared in a
distributional zero-sum game, sharing knowledge and sharing information are non-zero-sum games
of communicational sharing. Knowledge in the field of energy could range from installation and
maintenance of facilities, to energy trading, to efficiency in energy consumption, and optimal usage
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of electricity generation or storage facilities. Many B2C or B2B models which go beyond making
information available and facilitating learning for participants are imaginable in this context and are
probably already in place. Digital services, data transparency and information platforms may be used
to help customers learn how to reduce and optimize their consumption behavior (#2, #3, #4). These
optimization services can be understood in terms of the reduction of energy consumption through
energy efficiency and sufficiency but also in terms of adapting consumption patterns to the supply
of electricity produced by local renewable power plants. Massive open online courses or learning
platforms that enable communication within energy communities (#5) might be other possible channels
of knowledge dissemination, including C2C or G2C concepts. Smart home feedback mechanisms could
help businesses retrieve knowledge about how to adapt their products and services to the customers.
Finally, learning energy efficiency networks (LEEN) provide platforms to exchange knowledge and
share experience on energy efficiency improvements between organizations of a specific region [55].

Furthermore, as people become prosumers and electrification via microgrids spreads in
developing countries, online platforms for energy education become an important way to share
knowledge about energy generation and usage [56,57]. As knowledge about installation, maintenance,
and repair of energy technologies as well as about energy efficiency spreads, there might also be a new
market for shared private workforce services.

4.1.8. Data and Information

Sharing information is an important component of many new services provided by energy utilities
and new players in this sector [41,58]. Companies use smart technologies to aggregate information in
a C2B manner, which allows them to coordinate and optimize the energy system in order to reduce
costs [59]. At the same time, they can provide B2C or B2B transparency services and monitoring tools
to their customers based on the gathered data, making the information widely available.

As the transaction costs for sharing information become negligible with further digitalization,
these services may offer the backbone for many energy services of the future. Additionally, companies
offering leasing and full-service of renewable generation facilities can profit from these synergies of
having access to data along the energy value chain, reaching from generation, to usage, to storage [60].

At the same time, non-profit forms of sharing real-time data on energy generation are becoming
available with crowdsourcing projects and blockchain technology. ElectriCChain, for example, gathers
data on renewable energy generation and makes these available for “scientists, researchers and human
progress” [61]. This might be a possible concept for social and non-profit sharing of information within
community energy projects in the future.

4.2. Characteristics of the Sharing Economy within the Energy Sector

Clearly, not all business models mentioned in the previous section contain all defining
characteristics of the sharing economy (compare Section 2.2). However, the purpose of this paper is not
to include or exclude energy business models from the sharing economy, but rather to infuse concepts of
the sharing economy in the energy sector to generate ideas for new business models. Correspondingly,
this section will discuss what characteristics of the sharing economy are also applicable to the energy
sector and what can be learned from them.

As electricity is a very complex good, most of its physical management and commercial trading is
digital anyways. With the increasing shares of fluctuating and distributed renewable energy, there is
also an increased requirement for coordination mechanisms which leverage on digital technologies (#1,
#4). Accordingly, companies emerge that are mainly platform-based and focus on digital optimization
of energy management and trading instead of owning the electricity production assets themselves
(#2). This development is very similar to what is happening in the sharing economy, where digital
platforms coordinate transactions of companies and customers (B2C) or among customers (C2C).

Digital platforms for energy management and trading can also be used to connect small actors and
consumers in the energy sector to enable C2C interactions in terms of electricity, money, information,
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or knowledge. While some platforms offer direct purchase of electricity from certain renewable
power plants and could be regarded as a more transparent form of green electricity (#1, #4), others
connect prosumers and consumers of electricity on community platforms, integrating green electricity
generation facilities and batteries to a digital network (#2, #4, #5). Local implementation in microgrids,
for example through district storages, neighborhood networks, or shared investments, often include
increased C2C interaction and could be enhanced by digital platforms [11,62].

As the energy sector has traditionally been defined by large capital-intensive power plants, access
instead of ownership has always been a basic principle of the energy system, where companies provide
electricity as a service instead of the assets themselves (#2). With the emergence of renewable energy
technologies, the trend is moving towards ownership and temporal independence from the grid. At the
same time, power purchase agreements or leasing schemes may help to overcome investment barriers
by disseminating PV units and batteries that are still owned by the company but are in use at the
household [15]. However, access to assets can also be shared among small scale actors, where digital
technologies can be leveraged to enable sharing among prosumers and small businesses [9,40].

Regarding ‘making better use of idle capacities and underutilized resources’, it is difficult to say that
PV-plants have been made better use of if energy is distributed peer-to-peer because it would have
been fed into the grid regardless and would not have been lost (#4). Nevertheless, if energy is traded in
a local network and incentives lead to better coordination of supply and demand, electricity networks
might be used more efficiently to reduce transportation losses (#2, #5). Energy storage facilities or
electric vehicles, on the other hand, might rarely be used to their full capacity by their individual
owner, and sharing them with neighbors or in a district or community might be beneficial for all actors
(#1, #4). Because this underutilized asset aspect is not as strong in the energy sector as it might be in
other sharing business models, significant cost advantages are difficult to achieve by sharing decentral
energy technologies. Consequently, shared ecological and social values such as ‘driving forward the
energy transition’ (#2, #3) and ‘independence of big energy utilities’ (#4) might be more pronounced in
sharing schemes within the energy sector. Having shared values might be especially important for
local platforms with high interactions of actors, whereas sharing business models intending to scale
globally would also need advantages in costs and convenience of their services (#4). Uber and Airbnb,
as globally successful examples of the sharing economy, compared to locally rooted tool libraries
or community gardens, might serve as supportive illustrations for this assertion. Table 4 presents a
summarizing overview of how characteristics of the sharing economy are relevant in the energy sector.

Table 4. Defining characteristics of the sharing economy and their applicability in the energy sector.

Aspect Application in the Energy Sector

Platform-based Digital energy platform companies which do not own many assets
themselves, but instead offer services of coordination and optimization.

Leverage on digital technologies Digital coordination mechanisms as the backbone of the energy
infrastructure, especially with increasingly fluctuating energy supply
and need for demand or storage management.

Consumer-to-consumer/ Distributed decentral renewable energies, energy storage, and smart

peer-to-peer interaction management devices offer potential for increased C2C interaction.
Local microgrids and digital platforms as spaces for increased C2C
exchange of energy, money, information, and knowledge.

Access instead of ownership Traditional core principle of energy system. Now increasing ownership
of energy production, storage, and management devices in households
and small businesses. Potential for optimization by sharing among
decentral actors.

Under-utilized resources/Making ~ Not applicable for renewable energy generation facilities as these have
better use of idle capacities little to no idle capacities. Batteries and electric vehicles can be used
more efficiently if shared in districts or energy communities.

Shared values/mission driven Important factor for sharing business models in the energy sector to
compensate for lack of cost advantages. Possibly even more pronounced
in local sharing activities.
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5. Discussion

This paper does not claim to provide a comprehensive systematic overview of all new
developments, activities, or organizations that are currently emerging in the energy sector and can be
related to the sharing economy. The search for relevant articles was explorative and companies selected
for the workshops may not represent all activities of the energy value chain. However, it provides
a new perspective on many developments that are currently taking place in the energy system by
analyzing overlaps and interfaces between the emerging sharing economy and the transitioning energy
sector. Accordingly, the purpose of this paper’s analysis was not to label activities in the energy sector
as a sharing economy or not, but rather to see what characteristics of the sharing economy can be
transferred to the energy sector and how sharing any type of resource might be beneficial in the context
of a sustainable energy system.

In an economic sense (compare Section 2.1), power plants and their costs and benefits have always
been shared among electricity consumers. However, it is only now that the increasing dissemination
of distributed electricity generation units, battery storages, or electric vehicles offers new forms of
decentral sharing of lumpy (i.e., come in certain capacities) and mid-grained (i.e., well distributed
among households) goods within the energy system [21]. Correspondingly, this paper identified many
possible business cases for economic or for-profit applications of sharing resources. Still, a considerable
number of activities have also been found which offer potential for non-profit or social sharing schemes,
possibly locally, specifically in the realm of sharing knowledge and information.

For practitioners, the presented systematization of business models (Figure 2) might be a good
overview of existent sharing activities in the energy sector for building or extending their own business
models. While this study deliberately used a broad and undefined understanding of the term ‘business
model” to account for a wide range of activities within the energy sector and the sharing economy,
a more detailed analysis of the mentioned business models or activities might provide additional
insights into the topic. The deposition of sharing business models or companies within the energy
sector into their different components and the separated analysis of value creation, value proposition
and value capture seems to be fruitful grounds for further research on this topic [15,63,64].

Furthermore, based on the overview in Figure 2, platform-based organizations might create
synergies by enabling platform users to share different kinds of resources. Accordingly, a digital
platform could be used to trade energy, organize shared investments, provide information through
transparency and optimization services on energy consumption and production, or facilitate the
dissemination of knowledge. In this context, two major developments are partly in contradiction
of one another. On the one hand, there is the ‘democratization’ of energy with raising shares of
decentralized generation and storage technologies empowering people to be prosumers and P2P
energy traders [12,56]. In this context, McIntosh [65] recommends that grid operators create business
models which avoid the threat of prosumers going off-grid. On the other hand, many new business
models rely on B2C “access instead of ownership’ models to overcome investment barriers and facilitate
energy management. In this case, the ownership of the new technological devices is bundled in the
hands of companies who manage those centrally and in the form of virtual power plants. Accordingly,
utilities can become B2C asset hubs by providing PSS services, they can become P2P platforms
aggregating managing information and energy flows, or they can do both. This might create tendencies
towards aggregation of power, information and know-how across the energy supply chain in the
hands of new actors [60]. However, when electricity generation costs and profits that can be generated
for intermediaries decrease, social sharing models might become a widely spread form of managing
the energy system [21,27].

While researchers are already engaging in designing new market designs for prosumer-based
energy systems and sharing energy within microgrids [11,12,59], similar aspects between the sharing
economy and the changing energy system might provide more potential for research interfaces.
Researched mechanisms of trust establishment, consumer engagement, or community management
from the sharing economy might be transferable to organizations managing P2P energy trading
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platforms, energy communities, or local microgrids. Furthermore, coordination mechanisms and
algorithms for connecting prosumers as well as the necessary recruitment of critical masses for digital
platforms to work successfully could provide further overlaps in research interests. However, at this
point, it also has to be acknowledged that with respect to sharing assets, the energy market represents
a unique case for its physical attributes and restrictions within the electricity grid, with trading being
mainly virtual (#4, #5). In this context, rural areas in developing countries where electrification and grid
infrastructures are still scarce might provide particularly interesting cases for shared energy facilities.

6. Conclusions

The purpose of this paper was to investigate the interfaces and overlaps between new business
models of a sharing economy and an energy system with increasing shares of decentral renewable
energies. For this purpose, existent scientific and grey literature on this topic as well as insights from
empirical company workshops were analyzed along a conceptual typology of sharing activities [32]
and defining characteristics of the sharing economy [22,28,31]. It was found that both fields have
significant overlaps in their characteristics and that a broad range of business models within the
energy system can be based on sharing resources. The presented findings offer significant potential for
organizations to advance and adapt their business models in an energy system transitioning towards
more decentralized and renewable energy technologies. Furthermore, researchers and practitioners
can make use of observations in both fields to transfer knowledge on platform organizations, digital
coordination mechanisms, or community management and consumer interactions to their field of
action. In summary, results of this study suggest that sharing resources along various dimensions can
play an important role in contributing to a more resource- and cost-efficient energy system.
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