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Definitions
The term Community Renewable Energy Systems can be succinctly defined
following Klein and Coffey (2016) as:
a project to service a group of people at the same geographic location (usually, town level or smaller) with a set of common interests, comprising a self-contained local energy supply system that
distributes the energy produced locally (i.e., within the same area)
by renewable energy resources; energy management systems and
technologies; and methods to share the energy resources, costs,
and benefits among all the stakeholders.
Community renewable energy systems typically incorporate some form of peerto-peer sharing of energy for enhanced efficiency, autonomy, and profits.
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Introduction

Today, climate change and environmental pollution are significant challenges
that endanger human existence, as well as the natural world. To mitigate
their consequences, the global usage of energy, from production to distribution to consumption, must be radically and urgently revolutionized (United Nations, 2016). To achieve this transformation, governments, industries, and researchers are investing heavily into the development and utilization of clean,
sustainable, and renewable energy sources (RES) and technologies. Since
many RES such as photovoltaic (PV) panels are are distributed energy resources that can be installed locally, local communities and individual consumers are incentivized to participate in the renewable energy transformation. Community energy (CE) systems in which a community locally produces,
shares, and utilizes RE have been proposed as a method to integrate and proliferate RES (Walker, 2008).
Community participation in energy systems has a long history, especially
if we consider locally owned mills that harnessed and distributed the power of
wind and water to the community (World Wind Energy Association (WWEA),
2016). In the 1970s, grassroots energy technology activism began to give
strong impetus to establishing community energy, especially to encourage local
community development and independence. However, these movements remained outside the scope of mainstream energy policies and supply systems
in most countries. By the late 1990s, many governments and policy makers
were beginning to realize the importance of RES and the necessity to encourage their proliferation. From around the early 2000s, community renewable
energy (CRE) began to gain significant interest from governments and regulatory authorities (Walker et al., 2007).
Researchers and grassroots activists have strongly advocated and studied CRE systems (CRES) as models that emphasize and strongly encourage
self-sufficiency, local determination, engagement, and empowerment (Walker,
2008). As a result, CE and CRE projects have been increasing rapidly across
the world in the last decade. As of 2017, there were at least 2000 community energy projects in Europe alone (Scene, 2017; Hewitt et al., 2019). Today,
community involvement in building the energy systems of the future is recognized as an important pathway for enabling an effective and inclusive energy
transformation (International Renewable Energy Agency (IRENA), 2018).
This chapter describes and summarizes the current understanding of CRES.
In Section 2, the basic principles of CRES are discussed, and CRES is defined
and explained. Section 3 describes the benefits of CRES and the barriers that
still prevent their implementation across the world. Section 4 describes the
current status of scientific research and practical implementations. Section 5
concludes the chapter with a brief description of the future of CRES.
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Principles of Community Renewable Energy Systems

2.1

Definition

CRES is essentially the economic participation, often including ownership, operation, and maintenance, of members of a defined community in a renewable
energy project. Typically, CRES is limited by size and scope to smaller areas
such as neighborhoods, villages, or small towns. However, this description is
not sufficiently broad to explain the diverse features that characterize the numerous CRE projects and researches implemented across the world.
CRES has, in fact, been interpreted and defined in numerous ways across
the world and in scientific literature, depending on the stakeholders, environmental conditions, and goals (Walker and Devine-Wright, 2008; Hicks and Ison,
2018). A report by World Wind Association (WWA), for example, proposes that
the minimum requirement for a project to qualify as a CE project is that it must
involve a combination of at least two of the following elements (World Wind
Energy Association (WWEA), 2016):
1. Local ownership or stakeholding of the project;
2. All rights and voting control for community-based organisations; and
3. Local distribution of the social and economic benefits of the project.
However, such requirements to qualify as a CRE project could be more
stringent or less stringent depending on the actual intentions and requirements
to create a scalable, viable, and acceptable distributed renewable-energy-based
CE project. Klein and Coffey (2016) evaluated many definitions and interpretations of the term “community renewable energy” that had been previously
proposed in the literature and proposed the following all-inclusive definition:
“a project or program initiated by a group of people united by a common local geographic location (town level or smaller) and/or set of common interests;
in which some or all of the benefits and costs of the initiative are applied to this
same group of people; and which incorporates a distributed energy generation
technology (for electricity, heat, or transportation) based on renewable energy
resources (solar, wind, water, biomass, geothermal) and/or energy conservation/efficiency methods/technologies”.
However, this definition misses an important component of CRES—the sharing of the RE resources among a group of people. Peer-to-peer (p2p) energy
sharing enhances the community’s autonomy and resilience and nearly always
promotes the efficient usage of resources (e.g., by avoiding wastage). Moreover, the above definitions also do not allow for external stakeholders that have
been envisaged by some researchers; Walker (2008), for example, suggested
3

community projects to be either 100% owned by the community or developed
in co-operation with the private sector. In the electricity sector, CRES may be
developed by communities in partnership with governing authorities as well as
private stakeholders such as retailers and utility companies (in open liberalized
markets). Similar initiatives in other sectors may not only be possible but also
critical for a CRE project’s success.
Hence, following the lead of Klein and Coffey (2016), but allowing ownership by external stakeholders as well as internal p2p energy sharing, a CRES
can be redefined more broadly as follows:
A project or program initiated to service a group of people who
are united by a common local geographic location (usually, town
level or smaller) and/or set of common interests; that incorporates
a self-contained and self-sufficient local energy supply system characterized by distributed generation based on renewable energy resources (solar, wind, water, biomass, geothermal, etc.) and/or energy conservation/efficiency methods/technologies; and in which
the produced energy resources, costs, and benefits as well as the
project costs are distributed among all the stakeholders including
customers, private players, governing authorities, and/or other investors based on some agreed criteria.
There are two important points to note about this definition. First, the only
restriction on how the energy resources, costs, and profits are to be shared
is that there should be some form of agreement among all the stakeholders.
Typical approaches would be to use some criteria such as fairness, justice,
efficiency (cost or distribution), and societal welfare. Secondly, the role of local
energy exchanges with some level of co-operation is emphasized. Figure 1
illustrates such a CRES.

2.2

Sharing of local energy

CRES is based on the generation and sharing of locally produced energy.
There are two important ways in which RE can be produced locally, depending
on the environmental and geographical conditions that dictate the most suitable
type of RES for the locality.
Decentralized/distributed production Decentralized production is particularly applicable when the ideal local RES is PV. Customers who install PV panels and produce energy share their excess energy with other members of their
community. Various models can be applied to provide appropriate remuneration to the community, depending on energy production and usage (Narayanan,
2019).
4

Figure 1: A community renewable energy system. Here, a local community participates in producing and distributing energy, often exchanging renewable energy among themselves.

Centralized production In cases where other forms of RE, such as wind
energy or hydropower, are more appropriate, centralized power plants are established. Electricity is then distributed to the community similarly to the main
electricity grid. The costs and revenue are shared among the participants.
In both cases, the locally produced energy can be shared using the available distribution infrastructure. The important question when energy is shared
and used in this manner is as follows—how can the costs and revenues be distributed among the community participants? Several methods from broad fields
such as game theory and auctions have been applied to enable the optimal
distribution of the local resources (Narayanan, 2019). Theoretic approaches
model the problem by considering cost minimization. For example, if we consider cost minimization in the case of a single customer, we have the following
objective:
(Z
)!
n
t=T
X

Ccusti (t) − Rcusti (t) dt
(1)
min
i=1

t=1

where Ccusti (t) refers to the cost to the ith customer in the community
(i = 1, ..., n) at time t, and Rcusti refers to the revenue earned by the customer at t. Here, there are totally n customers, and each customer’s cost is
minimized separately.
The total customer costs can also be minimized as follows:
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Benefits and Barriers

CRES have many well-known benefits and advantages over the traditional isolated distributed energy systems. In a comprehensive article, Walker (2008)
described the benefits of (and barriers to) community-owned means of energy
production and use. Brummer (2018) summarized the current knowledge gathered from practical implementations of CE projects in the United States, the
United Kingdom, and Germany and presented the benefits and barriers that
hinder CE in practice.
Based on these and other studies, the benefits of CRES are summarized
as follows:
1. Economic benefits (Klein and Coffey, 2016; Brummer, 2018):
(a) Decreased cost of energy: Because of better energy utilization, energy sharing decreases the cost of energy for the customer.
(b) Income source: Local producers can sell excess energy and gain
additional income.
(c) Local employment: CRE projects could potentially provide various
employment opportunities to the community.
2. Improved energy delivery (Chakraborty et al., 2015; Mengelkamp et al.,
2017):
(a) Better energy utilization: Energy sharing improves energy utilization
since it avoids wastage of surplus RE resources.
(b) Energy delivery networks: CRES not only reduces the need for
costly network expansion but also helps to reduce congestion in distribution networks (e.g., electricity transmission networks).
(c) Losses: CRES can also reduce energy delivery losses. For example, if the community shares and utilizes electricity locally among
themselves, electricity is transferred over shorter distances, thereby
reducing power losses.
3. Community building (Brummer, 2018):
(a) Community identity: By encouraging communities to become selfreliant and self-sufficient, CRES helps to build a stronger community
identity.
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(b) Ownership: Shared ownership and self-utilization of community resources can increase citizen partnerships in community activities
and build a sense of co-operation and togetherness.
(c) Autonomy and independence: CRES are more autonomous because they do not rely on the main networks for energy. This can
promote and improve a culture of independence and responsibility.
4. Reliability and resilience:
(a) Emergencies: CRES are typically built to ensure that energy networks, such as electricity networks, can be seamlessly partitioned
into self-sustaining island networks in emergencies (Yuan et al., 2017).
(b) Customer comfort and safety: Because CRES can operate locally
and independently from the main network, they can help to ensure
customer safety and comfort during emergencies that pose risks to
human life, such as storms.
5. Promotion of sustainable energy:
(a) Local investments: CRES participants are encouraged to invest in
RES such as PV panels because of potential monetary benefits.
This increases the proliferation of RES, thereby enabling sustainable
practices and a cleaner environment.
(b) Awareness: CRES can lead to higher awareness of sustainable energy issues, leading to changes in societal norms, which, in turn,
can facilitate the transition to a low carbon society.
6. Social benefits:
(a) Rural upliftment and energy poverty elimination: Across the world,
energy poverty is a bigger problem in rural areas than in urban areas. Often, this is because rural energy-connection programs receive low priority especially since it is challenging to connect less
populated remote villages incrementally to existing networks. Rural communities can benefit strongly from localized CRES. Moreover, since the people in rural areas also typically tend to be very
community-oriented, they are also likely to embrace them. Rural
CRES, in turn, benefit the region and society as a whole.
(b) Equitable tariff systems: Since CRES is localized, it is easier to
establish equitable tariff systems that ensure that vulnerable customers have lower energy consumption bills or other benefits.
(c) Improved welfare: Better, equitable, and accessible energy through
CRES leads to improved health, well-being, and happiness. Moreover, CRES strengthens support networks and social infrastructures,
reducing social and other ancillary costs.
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Unfortunately, the implementation of CRES faces several barriers that can
be classified into the following broad categories (Walker, 2008; Brummer, 2018):
1. Institutional barriers
(a) Legal problems: It is often very difficult and time-consuming to obtain governmental permissions.
(b) Energy policies: Current legislation and policies in many countries
do not always support or encourage CRE projects and programs.
(c) Market regulations: Energy market regulations in many countries
do not always support or encourage the implementation of CRE
projects.
2. Economic barriers
(a) Revenue adequacy: Generally, communities themselves do not have
sufficient financial resources to build a CRE project.
(b) Financial support: Lending institutions are not always willing to support new and uncertain models like CRES.
(c) Billing and metering arrangements: Complicated metering and billing
arrangements often create entry barriers, especially in rural areas.
3. Technical barriers
(a) Designing and implementing CRES while keeping the viewpoints of
multiple stakeholders and their requirements, costs, and benefits is
difficult.
(b) More research is required to efficiently solve complicated issues
such as fair distribution of the profits achieved by the community.
(c) Achieving optimal economic and social outcomes is difficult, especially due to diverse preferences and behaviors.
(d) Control methods and energy management systems required to manage local networks and ensure high quality of energy supply are not
easy to develop or implement in practice.
4. Stakeholder commitment
(a) Customers may be unwilling to co-operate or form a community due
to social reasons such as conflicts or discrimination, or personal reasons such as individuality or privacy concerns.
(b) Energy networks and providers (e.g., utility companies) may be unwilling to take risks in setting up an uncertain environment that may
lead to technical network issues with insufficient compensation.
(c) Private players are often unwilling to invest in unproven businesses,
especially when there is no clear risk versus return analyses.
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(d) Governments can be unwilling to risk failure, especially when other
high-stakes events—such as elections—are impending.
Despite these barriers, CRE projects have become attractive to many stakeholders and market players. Several CRE projects have been implemented
across the world, including experimental setups and on-field demonstrations.

4
4.1

Current Status
Introduction

More than 1200 publications on CES were published between 2004 and 2013
alone (Koirala et al., 2016). Moreover, there are now numerous operating CRE
projects, ranging from small-scale solar energy projects in Germany, wind energy projects in Denmark, to small-scale, rooftop solar in Australia (Hicks and
Ison, 2018). European countries, especially United Kingdom, Scotland, Germany, Denmark, and Spain, have become worldwide pioneers in establishing CE initiatives (REScoop, 2019). As of 2017, there were at least 2000 CE
projects in Europe alone (Scene, 2017; Hewitt et al., 2019).
Researchers into CRES first proposed and established theoretical frameworks for achieving effective practical implementations. Subsequent research
then kept pace with the increasing number of demonstrations and deployments,
focusing on solving the social and technical challenges that hinder successful
implementations (Koirala et al., 2016).

4.2

Social research

Social aspects and topics are an important focus of many researches (van der
Schoor and Scholtens, 2019). For example, public acceptance has been a useful and widely applied framework to examine the impact of CE projects and the
challenges. Is the community itself ready or willing to build CE-based systems
and projects? The growing consensus is that even when people have strong
preference for CRE, they are hesitant about installing RE infrastructure within
their own communities, especially due to uncertainties regarding cost, viability,
and other impacts. It is critical to build confidence among community members that the project is workable and more beneficial than the status quo. The
chances of community acceptance are higher if the community already lacks
energy access or if the costs are shared by another authority, e.g., the government (Bauwens and Devine-Wright, 2018; Woo et al., 2019; Schumacher et al.,
2019).
According to Hewitt et al. (2019), another useful framework to examine CE
projects is social innovation. Earlier, bigger companies and governments were
driving CE innovation and projects. However, today, most CE models tend to
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be participatory and inclusive. They are often community initiatives or partnerships and closely tied to citizens’ concerns around the democratization and
decentralization of energy. New initiatives have also moved from focusing only
on electricity, emphasizing holistic solutions such as waste reduction and circular economies. A motivator for this movement is that a clean environment
enabled by renewable energy is a right that citizens should enjoy, rather than a
market commodity that has to be traded (Hewitt et al., 2019).

4.3

Economic research

To realize CRES, it is necessary to answer a range of economic questions
especially if they are based on p2p exchanges. An important question, for
example, is the equitable and fair distribution of RES among the community
members. In the case of centralized energy production, the costs of producing the RES must be shared among the community members in an equitable
manner. In the case of distributed RES where some members produce energy to share with others, they should be compensated adequately for their
investments. This question has been widely examined in the case of electricity.
The most common approaches for pricing and exchanging electricity are (1)
market-based approaches where the participants trade energy by participating
in auctions (Mengelkamp et al., 2017; Sousa et al., 2019), (2) game-theoretic
methods where some fairness or other social parameters are employed to allocate costs or profits, and (3) constrained optimization methods, where various optimization techniques solve for the desired objective (Chakraborty et al.,
2015; Tushar et al., 2018, 2020). A brief overview of these methods is presented below; for a more detailed recent survey, see Tushar et al. (2020).
In the market-based approach, a highly flexible market platform is established to efficiently co-ordinate self-interested consumers, prosumers, suppliers, and any other stakeholders. Early researches drew heavily on economics
literature focusing on p2p markets. In a seminal article on pairwise matching
environments, Wolinsky (1990) considered a game with decentralized, bilateral
trading where a constant population of traders enter and exit the market in each
period. Then, in 2001, Blouin and Serrano (2001) proposed a detailed p2p local
market mechanism with decentralized, randomized buyer and seller matching
for local energy markets. For the pricing strategy, they assumed that the value
of the product is binary so that buyers and sellers offer only two values (high
or low) to each other. Golosov et al. (2014) examined the Pareto efficiency of
the allocation of a similar model but with perfectly divisible goods. It continues
to be a challenging task to apply the advances in economic theory to establish
decentralized local energy markets, because it is not easy to model energy as
a tradeable good.
The most common local energy markets design is to establish a centralized approach using auctions. Auction theory has a rich literature in eco-
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nomics theory, and numerous models have been examined (Kalagnanam and
Parkes, 2004; Mochón and Sáez, 2015). A popular method is continuous double auctions (CDAs) where a moderator conducts double auctions based on
bids—buy and sell orders—from the participants via a public order book. The
pricing of the product—in this case, energy—is another problem in auctions
that has also been studied intensively (Nicolaisen et al., 2001). Many nonstrategic and strategic pricing strategies have been presented previously, especially for bidding to a centralized double auction market, such as the baseline
zero-intelligence bidding strategy (Gode and Sunder, 1993), intelligent agentbased strategies, often using some form of adaptive learning techniques after
every round of auction, etc. (Ramachandran et al., 2011; Mengelkamp et al.,
2017).
Another typical tool used to deal with CRES is game theory. Game theory examines models and analyses of how self-interested participants would
behave in strategic interactions and about how those interactions should be
structured. Since game-theoretic tools can closely imitate and model interactions among independent rational players, game theory-based methodologies
have a natural application to analyze interactions among energy stakeholders
and have been explored extensively. For example, game theory has attracted
attention as a key analytical tool in the design of the future electric power grid,
including microgrids (Chakraborty et al., 2014; Tushar et al., 2018).
Constrained optimization methods such as linear programming (LP), mixedinteger linear programming (MILP), and nonlinear programming (NLP) have
also been applied to solve different problems in energy sharing. In these cases,
the problems are modeled as an objective function (similar to Eq. 2) that is
to be optimized with respect to some variables that are constrained by the
problem’s requirements (Tushar et al., 2020). A very typical problem setup has
cost minimization as the objective with constraints being electric power quality
or reliability. In this manner, utilizing concepts from MILP, the energy generated
from a rooftop PV with battery was optimized for p2p energy trading in Nguyen
et al. (2018), whereas Long et al. (2018) used constrained NLP for achieving
a two-stage aggregated control to realize p2p energy sharing. Optimization
techniques are sometimes NP-hard (e.g., MILP) and, hence, are especially
suitable for planning problems where time and computational resources are
not limited. To solve operational problems, the problem may have to be be
relaxed considerably.

4.4

Technical research

It is also necessary to solve a range of technical problems to realize CRES.
Many researches have proposed several methods to solve some of the problems, but a coordinated complete solution is lacking. Moreover, most solutions
tend to focus on electricity alone, while problems with other RES are ignored.
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An important technical challenge is to ensure that the community members do
not lose access to energy. Loss of access to energy, such as electricity, has
strong impacts on economy, user comforts, and human lives. At the same time,
RE is a variable source so that 100% dependence on RE can lead to many
outages. Planners must ensure that such outages are managed by using secondary resources. A common secondary energy resource is storage systems.
In the case of small local electrical networks (microgrids), an approach used
to deal with outages is to enable both isolated (islanded) operational mode as
well as grid-interactive mode. The microgrid operates independently as far as
possible but connects to the grid when required, thereby making the electrical
network more flexible and intelligent. However, there still remains several challenges to efficiently realize this switching capability in the case of CRES without
affecting the quality of electricity supply (Planas et al., 2015). Power electronic
devices and control algorithms must be appropriately designed to prevent any
kind of grid stability.
Many energy systems also require some kind of control algorithm that coordinates and optimizes energy usage. In the first step, planning algorithms
are used to initially optimize the energy structure so that the energy system
can have high efficiency (Huang et al., 2015, 2017). Control algorithms, typically referred to as energy management systems (EMS), then have to achieve a
target optimization such as cost optimization subject to multiple energy delivery
constraints, for example, high reliability, quality, safety, etc. The most common
EMS proposed in the literature is a hierarchical system in which the problem
is separated into near-independent different parts, each of which is individually
handled by different control algorithms (Xu et al., 2015; Paudyal et al., 2019).
Often, as in the case of small electrical networks, the levels are decided based
on the time scales of operations, the devices or equipment involved, the type
of problem, and the nature of the stakeholders (Guerrero et al., 2011).
A recently proposed paradigm—Energy Internet—that leverages concepts
from the Internet and Internet-based communication architectures is a potential way forward to make CES more efficient. Inspired by the data Internet, the
Energy Internet proposes a cyber-physical system model that virtualizes the
distribution grid management using discretized packets (Nardelli et al., 2019).
This concept can be adapted to community energy systems, conceptually leading to an Energy Internet of networked microgrids as shown in Fig 2.

4.5

Practical implementations

As mentioned previously, numerous CRE projects have been developed across
the world, with some European countries—United Kingdom, Scotland, Germany, and Denmark—pioneering their implementations. This subsection discusses practical CRE installations across the world, which have positively impacted the community.
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Figure 2: An Energy Internet of networked community energy systems. In this software defined
energy network, the energy grid is managed using packetized energy management through a
communications network infrastructure based on similar principles as the Internet.

United Kingdom In the United Kingdom (UK), the first co-operatively owned
wind farm was established in Cumbria in 1996. Called Baywind Energy Cooperative, this community wind farm now has over 1,200 members (Baywind
Energy Co-operative, 2019). Inspired by the success of this initiative, Energy4All was established in 2002 with the explicit aim of supporting renewable energy co-operatives (Energy4All, 2019). Energy4All now has 24 cooperatives—including wind power, solar power, biomass power and hydropwer—
with more than 13,000 members. Edinburgh Community Solar Co-operative is
an example of a solar-powered CRE project with 24 solar panels (generating
capacity of 1.38 MW) that generate approximately 1.1 GWh of clean, renewable
electricity for schools, community centres, etc. A fixed return on the members’
investments is given annually to the members.
Denmark Many European countries were initially inspired by successful CRE
initiatives in Scandinavian countries. Denmark, for example, has pioneered
CRE by focusing on wind farms. The Middelgrunden offshore wind farm in
Denmark is a large-scale CRE project that was the largest offshore wind farm
in the world, when first constructed, with 20 turbines and a capacity of 40 MW.
The Middelgrunden project is 50% owned by a community of 10,000 investors
in the Middelgrunden Wind Turbine Cooperative (Sørensen et al., 2001).
Germany Germany has primarily focused on CRE projects based on solar
energy. A leader in renewable energy proliferation in Europe, Germany has
enacted many legislative policies to enable and promote energy co-operatives
13

and citizen energy companies (Yildiz et al., 2019). Citizen and energy cooperatives’ projects often receive preferential treatment, such as reduced security payments and highest feed-in-tariffs. As of 2016, there were around 1500
RE-based citizen projects of which around 55% were community owned (i.e.,
co-operatives). For example, in Mainz, a citizen initiative UrStrom eG was set
up in in September 2010 (Urstrom eG Bürgerenergiegenossenschaft, 2019).
Today, the 300-member co-operative operates 12 PV panels, producing solar
power for around 100 households.
Australia In Asia, many countries—e.g., Australia, China, and India—have
implemented CRE projects, despite several legislative and financial barriers.
Australia and China, in particular, have attempted to systematically and actively promote CRE initiatives. For example, the Coalition for Community Energy (C4CE) was founded in Australia with the objective of surmounting the
barriers to CE and motivate the proliferation of CRE systems (C4CE—Coalition
for Community Energy, 2019). Their guide to solar-energy-based CRE projects
lists 10 case studies of successful community solar models and includes analysis and overviews of key technical, financial, and legal factors as well as tips
and lessons from their experiences (Community Power Agency et al., 2017).
For example, Bendigo Sustainability Group (BSG) is a community solar project
in Victoria that was established in 2007; it comprises two PV systems—a 20
kW installation at the Bendigo Library and a 11-kW system at the Bendigo Discovery Centre (Bendigo Sustainability Group, 2019).
USA The US has fewer successful CRE projects than can be expected from
its size and potential because of systemic barriers, especially legal frameworks
and financial incentives, that hinder their deployment (John Farrell, 2016). As
of 2010, less than 5% of the total installed wind power capacity was part of a
CRE project; moreover, from 2010–2015, only 3% of added wind power capacity was community owned. Note that in contrast, 85% of Denmark’s wind power
generation is owned by the residents of Danish communities (as of 2015). In
the case of solar energy, the US had just 70 MW of community solar projects
by 2015. Nevertheless, a spate of new recent CRE initiatives promise to transform the CRE situation in the US. These projects often employ widely different
models. For example, the Brooklyn Microgrid is a community of PV owners and
customers in which electricity is traded using a virtual blockchain-based marketplace (Mengelkamp et al., 2018). This community-driven initiative began
in April 2016 and is an example of a practical implementation of p2p energy
transactions (Brooklyn Microgrid, 2017).

5

Future Prospects

CRES has been a popular pathway to achieve clean energy goals across the
world, but some of the roadblocks mentioned in Section 3 raise questions about
14

its continuing viability. Although most policy makers now recognize the need
for CRES and flexible local transactions, CRES is far from becoming the mainstream source of energy production (Rommel et al., 2018). At best, CRES is a
niche innovation (Roby and Dibb, 2019).
New innovative business models are required to push CRES into the mainstream energy area. Current investments continue to be focused on large-scale
energy production and ignore local CRES projects, primarily because the monetary value of CRES projects is still unclear. At the same time, communities
either do not have the expertise or economic resources to build CRES projects,
or they lack the time and energy for taking the initiative. Industry–community
partnerships must be established to make CRES projects the norm rather than
the exception (Eitan et al., 2019). To achieve this, it is important to develop new
models that can monetize locally produced energy.
To build more efficient and cost-effective CRES projects, it is also important to integrate various RE sectors such as transport, electricity, heat, gas,
etc. Current research and practice inevitably focus only on one energy sector,
typically electricity, but the need of the hour is the integration of different energy systems. Further, the flexibility in energy systems must be fully exploited
together so that RE usage is maximized. If energy experts manage to frame
and implement holistic approaches to implementing CRES, both economic and
social goals could be realized (Krog and Sperling, 2019).
Finally, the future of CRES is unclear today not only because of social and
technical barriers, but also because of the slowness of regulations to encourage local RES usage. The current regulatory framework continues to create
challenges for decentralised and distributed forms of energy generation. CRES
has significant potential to enable a smooth transition to 100% RES-based energy systems, which is a common goal for humankind today. As a result, it
is imperative for regulatory bodies and energy policy makers to support and
enable technological developments that are aligned with the socio-economic
aspects of CRES.
The future prospects of CRES systems will depend on the pace of changes
in legislative frameworks and new research innovation. Nevertheless, the distributed nature of RES suggests that community and co-operative energy production, supply, and management will continue to have an important role in
ensuring a cleaner and sustainable environment for humankind.
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