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Abstract. The quest to decarbonize and decentralize the current power grid has
enabled high penetration of Distributed Energy Resources at the edge of the
distribution network. The diversity, complexity and growing numbers of these
energy resources currently pose a challenge to managing them. This has resulted
in the emergence of various energy ecosystems which use diverse community-
based organizational strategies and initiatives as forms of management
techniques. There are also corresponding business models and governance
structures that are innovative and technologically disruptive to the operations of
the current grid. An analysis of five representative cases of these Renewable
Energy Communities is performed using real-life projects as case studies. The
focus areas considered in this study included organizational and governance
structures, roles, and the relationship between key stakeholders/owners, how
these ecosystems interact with the power grid, and the role of collaborations. The
outcome of the study revealed that each category of ecosystem has similar
organizational and governance structures although they may differently be
constituted. In terms of ownership, energy cooperative, municipalities, and
communities were found to own a greater share of these energy resources.
Furthermore, most of these ecosystems were found to interact with the grid by
supplying excess energy from the community to the power grid whilst others
operate in isolation from the grid. Apart from one case, all the others showed
elements of collaborations as an integral component of their mode of operations.

Keywords: Renewable energy communities, Energy cooperatives, Collaborative
networks, Collaborative energy ecosystems.

1 Introduction

According to [1], the future of energy rests on the foundations of cleaner, distributed,
and intelligent networks of power. This notion is being advanced by the rapid
innovations that are emerging at the edge of the power grid, which is driving a paradigm
shift, that is transforming the power network towards the 5D (digitalization,
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decentralization, decarbonization, democratization, and deregulation) [2]. These
evolving technologies are characterised by high penetration of Distributed Energy
Resources (DERS), artificial intelligence, cloud computing, blockchain technology and
a host of other cutting-edge applications and services [3] that are facilitating these
transformations in alignment with current trends on Industry 4.0 [4]. According to
recent developments, DER asset owners, property owners (land and building) and other
entities have become economic participants and key players in the way energy is
generated, distributed, and consumed. Additionally, new stakeholders, such as
individual prosumers, local community members, and local governments are also
emerging with community-based energy concepts that are transforming and enhancing
the energy value-chain in diverse ways. These developments are driving the rapid
proliferation of new energy models such as Renewable Energy Communities (RECs),
Peer to peer energy sharing, Integrated community energy systems, Energy hubs, IEEE
smart villages, etc., which are kinds of emerging “energy ecosystems”. These
ecosystems fit into a broader framework of upcoming concepts like collaborative
economy or sharing economy which involve a more decentralized approach to the
exchange of goods and services. To compliment the rapid evolution of these concepts,
scientific disciplines such as Collaborative Networks are emerging [5], [6], [7] which
provide a comprehensive body of knowledge, including reference models [8] that
enhances the understanding of collaborations within these emergent domains.
Additionally, these disruptive concepts are redefining market relationships between
traditional sellers and buyers and therefore expanding models of transaction and
consumption, which invariably are impacting business models across diverse
ecosystems, which includes energy [9].

This work focuses on the analysis of five emerging RECs using representative real-
life cases. A sixth case, which is “Energy hubs”, is mentioned briefly in this work but
without any detailed analysis because the concept is currently at a theoretical stage.
Three research questions are used for this study. These are: (1) RQ1. How are these
RECs organised? (which can include as sub-questions: RQ1A. What are the roles and
responsibilities? RQ1B. How are these RECs governed? RQ1C. What relationship
exists between roles?); (2) RQ2. How do these RECs interact with the power grid? and
(3) RQ3. What role does collaborations play in these RECs?

The outline of this paper is as follows: Section one introduces the research concepts
and related research questions. Section two describes the relationship of this work to
the conference theme, followed by section three which focuses on the case study. The
main contribution of this work is described in section four.

1.1 Related Works

This section of related works has a narrow scope because it is intended to address the
related works in the context of the on-going research as described in section four. It is
therefore focused on prosumers within RECs, also referred to as Prosumer Community
Groups (PCGs). In [10], the authors performed a literature review to determine the
evolution and future directions of key issues, challenges, and opportunities in PCGs. In
this review, the authors proposed eight future trends and current research gaps in the
area. Another related work presented in [11] explored the concept of PCGs and
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proposed a novel framework for the definition and formation of these groups by
clustering prosumers based on their energy behaviour. Another dimension of this
concept was explored by Rathnayaka et el in [12]. Here the authors propose a goal-
oriented prosumer community group notion, that adopts the VPP concepts leading to a
sustainable energy sharing process. From a different perspective, [13] organised
prosumers into virtual clusters so that they could participate in the energy market as a
single entity enabling a reduced total energy cost due to forecasting inaccuracies. In
[14], a framework to integrate prosumer communities into the existing day-ahead and
intraday markets is introduced. The authors proposed the Smart elecTricity Exchange
Platform as an interface between the wholesale energy markets and prosumer
communities. Furthermore, a comparative study is conducted in [15] to assess the
technical and economic feasibility of household energy storage and centralized
community energy storage.

2 Relationship to Innovation in Industrial and Service Systems

The next industrial revolution (Industry 4.0) and related services, characterized by
digitalization of goods and services, resulting in enhanced value chains, and
disruptive business models, require corresponding energy systems which are
digitalized, distributed, decarbonized, democratized, and smart [4], [16]. According to
the United Nations Industrial Development Organization, to achieve the international
climate change mitigation targets, the industrial sector, which accounts for
approximately one-third of global final energy use and 40 % of global energy-related
CO2 emissions (OECD/IEA 2009) [16], must reconsider the kinds and sources of
energy they consume. Therefore, the transition towards more sustainable energy
ecosystems and the digital transformation of industries could mutually benefit from
each other by offering solutions, that help to optimise the integration of
renewable/sustainable forms of energy on an industrial scale.

3 Case Study

3.1 Integrated Community Energy Systems/Solutions (ICES)

According to Koirala et al. (2016), there is no single definition nor typology to describe
ICESs. However in general terms, they are tailored (in technology and size) to meet the
needs of the respective community [17]. By taking a more holistic approach to energy
demand and supply, ICES provide a good alternative to energy management for the
benefit of an entire community. For instance, waste heat from industry could be used
to heat buildings in community and activities that encourage energy conservation is
also practiced. ICES approach to energy management help to achieve better overall
energy savings in a community. An ICES community can be established in a rural area,
a neighbourhood or a large city.
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Key
stakeholders

Feldheim New
Energy Forum
Foundation

Municipality of
Treuenbrietzen

Residents of
Feldheim and
Treuenbrietzen

Feldheim
Energiequelle
GmbH
Farmers’
cooperative

Key stakeholders

The
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Council
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RWTH Aachen
University.
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1.Kempton Univ.
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Science.

2. The Institute
for High-Voltage
Technology,
RWTH Aachen
University.
AUW GmbH.

Wildpoldsried
Village

K. Adu-Kankam and L. M. Camarinha-Matos

Table 1. Case 1: Feldheim, Germany [18], [19]

Key roles

1. Project financiers
2. Management body
3. Education and
information

1. Project financiers
2. Project initiation
and implementation
1. Project financiers
2. Centre of
excellence

3. Energy consumers
1. Project initiation
and implementation
2. Project managers
1.Project financiers
2. Land owners

Roles
Energy
resource
ownership

Community
owned
assets:

1. Wind
turbines

2. PV
modules

3. Biogas
4. Biomass
5. CHP

6. Lithium-
ion battery
system

Characteristic &  Governance

and relationship
between roles

Characteristics
of roles:

- Public
private
partnership.
Relationship
between roles:
- Distributed
systems with
centralized
management
and
hierarchical
governance

structure

Governance
type:
Non-profit
self-
governance

Structure:

1. Executive
Board

2. General
assembly with
voting rights
3. One
member one
vote

Table 2. Case 2: Wildpoldsried, Germany [20], [21], [22],[23]

Key roles

Project
financiers.

Project
financiers.

Grid
management
Research
partners.

Smart grid
markets solutions
provider
Research
partners

Research and
grid technology
partner.
Consumers

Roles

Energy resource
ownership

1. Mixed
ownership:

i. Biogas
(farmers and
individuals).

ii Biomass
(individuals and
Innovationspark
Allgdu GmbH)
2.Community
ownership:

i. Village heating
ii. Photovoltaics
iii. Solar thermal
3. Individual
ownership:

i. Hydropower
ii. Geothermal
unit

4. Other
ownership:

i. Wind turbines
owned by clubs.

— Governance
Charac_terlstl_c & SEIE
relationship
between roles
Governance
g type:
Charactgrlstlc Non-profit
of roles:
Public private s?\]:;arnance
partnership g
Relationship The_

. Environment
between roles: and Ener
Distributed cray

. Committee.
systems with
: (Composed
centralized
of the
management .
Chairman
ar_1d n and 4
ool oy
9 council
members)

Grid
interaction

Send 90% of
energy
produced in
the
community
to the grid.
The village
uses only
10%.

Grid
interaction

Community
produces
469% more
energy than
needed. And
This is sent
back to the
power grid.
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Summary of ICES case study:
RQ1. Organization

Roles and responsibilities: The key roles found include project financiers who
provide financial input into the projects. Other financial partners include non-profit
organizations, governmental agencies and community-owned cooperatives. There
is also strong involvement of utility companies and grid operators who provide grid
management and research services. Other actors in the ecosystem include
academic/research institutions who provide research and development support for
the ecosystem and finally environmentally sustainable groups who advocate for
sustainable communities and energy use (providing energy advice to members). The
community is key consumer of the energy produced.

Governance: Types seen in these ecosystems are predominantly non-profit, non-
governmental and self-governance. Board of directors are usually appointed to be
managers of these energy ecosystems. The number of directors varies from case to
case, however, there is a General Assembly that is constituted of the
investors/community members and they all have equal voting rights which is: one
man one vote, irrespective of the value/stake of their investment.

Characteristics and relationships: Public private partnership. Distributed systems
with centralized management and hierarchical governance is the relationship
between key roles.

RQ?2. Interaction with the power grid: In the cases considered, the community generates

excess energy far beyond the demands of the community. This is sold to the power
grid to generate revenue for community benefit. Some percentage of the revenue is
re-invested in community projects whilst 5-10% is paid annually to investors as
dividends. This possibility therefore makes these communities viable sources of
long-term energy business investment.

RQ3. Role of collaboration: Collaborations between key stakeholder’s results in the

production of energy to meet the need of the community and the excess injected
into the power grids. Stakeholders also collaborate to invest in social intervention
projects such as conversion of street lights into energy saving LEDs, for the
community using proceeds from energy sale.

Limitation of ICES:

Communities vary in size, structure, resources, laws, and opportunities, which
leads to a wide array of organizational possibilities and no standardized approach
to planning and deploying an ICES system.

Limited ownership and participation by individuals. Most of the energy resources
in these energy ecosystems are usually owned by municipalities, or governments,
utility companies, factories and energy cooperatives. This is because of the scope,
scale and technological complexity for planning and deployment of these
ecosystems makes it unattractive for individuals.

Development of these projects are usually confronted by the NIMBY (Not in my
back yard) syndrome, which often opposes the installation of solar PVs and wind
turbine in these communities.
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3.2 Shared Renewable Energy Facility (SREF)

The Interstate Renewable Energy Council [24] defines a SREF as a facility that is
located in or near the service territory of an Electricity Provider where the electricity
generated by the facility is credited to participants of the facility. Typically,
participating customers lease or purchase a share of the output of the facility. This
facility may be owned by a utility company, a third party or participating customers
[25]. As the facility generates electricity, participants receive a utility bill credit or
direct payment, based on the electricity produced by their share of the facility. Current
literature supports two types of SREF. These are: 1) Community shared solar, and 2)
Community shared wind. Since the concepts and principles behind these two
technologies are similar, this study will focus on only the first category.

Community Shared Solar. A study conducted in 2008 by the National Renewable
Energy Laboratory found that only 22 to 27% of residential rooftop areas is suitable for
hosting an on-site photovoltaic (PV) system [26]. Therefore, to expand access to solar
power, a new business model that enables those with shaded roofs, and those who
choose not to install a residential system on their home for financial or other reasons,
to rent or purchase a share of a solar facility. In a community shared solar project,
customers subscribe to the program by purchasing a share of its energy output (solar).
This is achieved either through an upfront payment or through ongoing monthly
payments. This allows subscribers to benefit from a central commercial-scale solar
plant through virtual net energy metering [27]. Literature such as [26] describes three
models of Community shared solar projects: 1) Utility-Sponsored Model, 2) Special
Purpose Entity Model, and 3) Non-profit Model. Studied cases:

- Case 1: Westmill Solar Co-operative (Special Purpose Entity Model) [28], [29]

- Case 2: Bristol Energy Cooperative (Special Purpose Entity Model) [30], [31]

Summary of Community shared Solar

RQL1. Organization:

¢ Roles and responsibilities: These ecosystems are multi-stakeholder with diverse
roles and responsibilities. Since these installations usually cover large parcels of
land, land owners and local community/councils’ have high stakes and play key
ownership roles. Other emerging roles include partners for social marketing (e.g.
Oggadoon) and advocacy groups like the Westmill Sustainable Energy Trust and
the Climate Coalition play key roles to promote the sustainability of the energy
community and climate change. Housing cooperation like Ambition Lawrence
Weston are direct beneficiaries of the energy facility. In both cases considered, the
facility is owned by the local cooperatives who are major consumers of the energy
produced.

e Governance: The governance type here is also non-profit, non-governmental and
self-governance. Just like the previous case in ICES, Board of directors are usually
appointed to be managers of these ecosystems. The number of directors also varies
from one case to another. However, there is a General Assembly that is constituted
of the investors/community members and they all have equal voting rights which is
one man one vote, irrespective of the value/stake of your investment.

e Characteristics and relationships: Public private partnership. Distributed systems
with centralized management and hierarchical governance.
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RQ?2. Interaction with the power grid: These ecosystems also inject excess power into
the grid and receive revenue through Feed-in-tariffs.

RQ3. Role of collaboration: The community collaborates to share a common resource
which is a community owned solar PV installation. They also collaborate to
consume locally generated energy thereby reducing total reliance on the power grid.

Limitations of shared renewable energy facilities

- As an emerging concept, it is likely to face developmental, implementation and
policy barriers. Again, the technical, financial and socio-economic potential as well
as challenges may take a while to understand.

-High upfront investment cost and long-term return on investments makes it
attractive only to customers who are willing to pay high premium for renewable
energy use, which may exclude moderate to low income customers.

- Regulations framework for these ecosystems are currently weak or non-existent.

- Interest here is predominantly based on the financial gains for the investors and not
to promote a resilient energy community.

3.3 Community Microgrids (CM)

According to the Clean Collation, a Community Microgrid (CM) is a coordinated local
grid area served by one or more distribution substations and supported by high
penetrations of local renewables [32]. Although linked to the main electric grid, during
power outage a CM can isolate from the broader grid and provide renewables-driven
backup power to critical facilities [33]. Considering the constant threats posed by
natural disasters like hurricanes, wildfires, floods tsunamis and cyber-attacks which
have the potential to completely knock down the entire electrical infrastructure makes
this energy concept very attractive. A key feature of a CM is the ability to serve
thousands of customers with local renewable energy while achieving economies-of-
scale and providing renewables-driven power backup to critical facilities and services
during grid outages [34]. In [32], the authors further explained that CM represents a
new approach for designing and operating the electric grid. It is purposely designed to
rely heavily on DERSs to enable a more sustainable, secure, and cost-effective energy
system while generally providing renewables-driven power backup for prioritized loads
over indefinite durations. Potential and ideal sites for CM implementation may include
critical infrastructures that are useful for evacuations, provision of shelter, recovery
staging, and life-sustaining services. Studied cases:
- Case 1: Long Island Community Microgrid Project (LICMP), East Hampton, NY.
[35], [36].[34], [37]
- Case 2: Montecito Community Microgrid Initiative [38], [39], [40]

Summary of CM

RQ1Organization:

¢ Roles and responsibilities: Key roles are funding partners who provide funding for
these projects, research institutions who provide R&D activities and non-profit
sustainable energy organization who promote environmentally sustainability in
communities. In these ecosystems, energy resources are owned by the community
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whilst utility companies purchase the energy from the communities. In some
instances, like the case of LICMP, the utility company is responsible for providing
grid management service. In both cases considered, the Clean Coalition, a non-
profit organization is key partner for project initiations. Long Island and Montecito
Communities is the primary consumer of the energy produced in both CMs.

e Governance: Current literature does not provide adequate information, however
there is ongoing debate as to whether these CM will be regulated as utility assets or
products of the competitive market — or a hybrid of both? [41].

e Characteristics and relationships: Predominant characteristics are partnership
between funding organizations, utilities, the communities, non-governmental
organization and entities that host these installations. The key relationship between
roles are distributed systems, with centralized management.

RQ?2. Interaction with the power grid: These projects help to relief the power grid by
facilitating energy self-sufficiency at the community level. They are usually
designed such that they can provide emergency and backup services to critical
infrastructure within the community during power outages. In the absence of
outage, the micro-gird provides the needed power for the community.

RQ3. Role of collaboration: During power outages, the community, operators of the
CM and emergency service providers collaborate to provide emergency power
services to critical infrastructure within the community. In the absence of power
outage, the community collaborate to share energy resources.

Limitations of CM

- Policy makers and regulators at various jurisdictions should consider policy
changes that will enable utilities to own DER assets at least for the purpose of
research and development. This will facilitate the advancement of these concepts
as these utilities currently possess the capacities needed to run and test the
practicability of these concepts.

- Community resistance to the mass installation of these facilities (e.g.
Commercial-scale solar PVs on rooftops and parking lots) as they are perceived
as aesthetic defects to the beauty of landscapes and an environmental nuisance to
community settings.

- Currently in few jurisdictions, CM assets are owned by utilities (Utility 2.0, Utility
of the future model) therefore community participation is limited and does not
promote community sense [42].

3.4 Peer-to-Peer Energy Sharing (P2P)

According to [43], P2P energy sharing enables prosumers to directly trade energy with
each other to achieve a win-win outcome. In [44] the authors described four different
forms of P2P energy sharing networks. These are: 1) Platforms which are currently
operating as proof-of-concept on a local scale and therefore target producers, prosumers
and consumers; 2) P2P trading marketplace using platform-as-a-service to utility
companies and retailers; 3) Cases that target prosumers and consumers on a platform
with global scope; and 4) Cases that integrate two models such as local P2P platform
to address producers, consumers and prosumers and also providing platform-as-a-
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service to utility companies and retailers. Both cases studied fall under the fourth
category (P2P planform and platform-as-a-service):
- Case 1: Enosi ecosystem (P2P Platform and platform-as-a-service) [45],[46]

- Case 2: Pylon network (P2P Platform and platform-as-a-service) [41]

Summary of Peer to Peer energy sharing
RQ1. Organization:

e Roles and responsibilities: (i) IT partners - Provide web development and payment
services; (ii) Energy partners-Management of generation and consumption; (iii)
Energy Metering Oracles partners - Metering/data service Providers; (iv) Neo
retailer - They provide tailor-made member management functionality; (v) Enosi
platform - Platform used to trade electricity within Enosi ecosystem; (vi)
GreenComputing, Smappee-Non-profit organizations that promote sustainable
energy consumption and sustainable communities.

e Governance: For the Enosi ecosystem, the Enosi Decentralized Autonomous
Organizations (EDAO)-has been proposed to provide ecosystem governance. In
the case of Pylon Network, governance is supported through blockchain smart-
contract technology.

e Characteristics and relationships: Dominant characteristic is partnerships. Key
relationships are distributed systems with centralized platform for management
(Offer platform-as-a-service).

RQ2. Interaction with the power grid: For the Enosi ecosystem there is 40-60% reduction
in household electricity costs. The Pylon Network provides opportunity to
monetize the surplus energy by selling to the grid and also enables a reduction of
payback time of DER installation up to 25%. In the same network, Grid connected
prosumers and large scale DER facilities are also rewarded for the energy injected
into the grid.

RQ3. Role of collaborations: The trading platforms serve as coordination point to
coordinate transactions and exchange of value in energy and related services.
They offer platform-as-a-service and blockchain smart contracts to facilitate
transactions. They do not focus on collaborations and the development of resilient
communities.

Limitations of Peer to peer sharing

- The case study revealed that these energy trading platforms have weak
governance structures. Other cases outside the study like [47], [48], [49], [50]
shows similar trend.

- These platforms adopt blockchain as a core technology enabler to provide trust-
less transactions. However, literature such as [51] and [52] confirm prevailing
flaws in blockchain technology which is likely to affect user confidence in terms
of reliability, efficiency and safe-use.

- Currently, many jurisdictions, have challenges regulating these P2P platforms.
The contention is whether to subject these prosumers to taxes and other
regulations. Should they be considered as consumers or business entities?
Judgment from a pending legal case at the court of Justice of the European Union
that was forwarded from a Spanish court, Case C-434/15, [53] would finally
answer some of these questions.



34 K. Adu-Kankam and L. M. Camarinha-Matos

- The focus on these trading platforms is to maximize financial gains through
exchange of value in energy and its related services. Interest and benefits are
usually skewed towards individual stakeholders in the ecosystem and do not
promote communal interest, which invariably affect the platforms resilience.

3.5 IEEE Smart Village (ISV)

ISVs are IEEE Foundation Signature Programs which provide renewable energy
solutions and supporting funding to members of local communities, thereby enabling
them build small-scale electricity companies, and partnerships that facilitate the
establishment of sustainable businesses and training programs to communities [54].
Profits are often reinvested to empower the community through learning and
development programs. Currently, ISVs serves over 50,000 people in 34 villages, and
is prominent in countries such as Cameroon, Haiti, Kenya, South Sudan, and many
more [55]. The SunBlazer Il is the ISV flagship mobile solar power unit with a 1.5kwW
base station. This is a highly adaptable unit that integrates rechargeable battery packs
and home lighting Kkits with an auxiliary outlet for other DC powered devices [56]. Each
kit lights up two rooms and operates auxiliary 12V DC loads. Each station can charge
80 battery packs every three to four days to serve an estimated 500 people [55]. The
generator is configurable to other load options such as schools, churches, community
centres, clinics, coolers, small businesses, and internet connectivity. The unit is
designed to work with a franchise-type business model. Studied cases:

- Case 1: Haiti [57],[58]

- Case 2: India [59], [60]

Summary of IEEE Smart Village

RQL1. Organization:

e  The key roles here include funding partners, local energy entrepreneurs, and non-
profit sustainable energy advocacy groups.

e  Governance: Governance structures are not clearly defined, however, since these
facilities are owned by local energy entrepreneurs, it could be a self-governance
framework or arrangement.

e  Characteristics and relationships: Key characteristics are franchising.
Relationships found are distributed and stand-alone-systems.

RQ?2. Relationship with the grid: These units are not connected to the grid. They are

stand-alone units.

RQ3. Role of collaboration: Collaborations among stakeholders promote sustainable
community businesses, capacity building through training and learning. The
outcome of these collaborations results in improved livelihood and community
development.

Limitations of IEEE Smart Village
- Limited generation capacity (serves few households at a time)
- Islanded units that cannot be connected to the power grid.
- Limited System scalability
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3.6 Energy Hubs

An energy hub is a multi-carrier energy system that integrates multiple energy
technologies such as energy conversion systems, storage and network technologies.
Energy hubs take many different forms and ranges from a single building to a larger
geographical area. Energy hubs converts different types of energy in a hub to facilitates
flexibility in energy provision. As such, energy hubs are particularly useful for enabling
the integration of intermittent renewable energy sources such as solar and wind [61].
Currently this concept is being discussed within the research and academic circles.
There are no real cases available yet.

4  Research Contribution and Relationship with Collaborative
Virtual Power Plants

The main contribution of this work is that it provides grounds to implement our
proposed concept of “collaborative Virtual Power Plant” [62], [63] which is an
ongoing research intended to develop and implement key performance indicators that
can be used to assess the global performance of RECs and their constituent prosumers
when adopting a collaborative approach. In this regard, we have proposed and
developed a new organizational structure for RECs by adopting knowledge and
concepts from two disciplines. The two disciplines considered are: a) Collaborative
Networks (CN), and b) Virtual Power Plants (VPPs). By merging concepts from these
two areas, we introduce a new organizational structure that merges the functional
characteristics and properties of both VPPs and CNs. In this context, our proposed
CVPP ecosystem will be driven by prosumer collaborations that results in the
aggregation of DER capacities of prosumers for the purpose of trading energy at the
market. The proposed performance indicators are as follows:

1. Net Economic-value Indicator.

This indicator is intended to quantify how much value collaboration can
contribute to the economic benefits of the CVPP ecosystem. The indicator will be
used to determine the profitability or otherwise of the ecosystem. Furthermore, it
could also be used to compare the economic performance of different energy
communities and may serve as an important tool for managers of RECs at various
levels of aggregation. This indicator would also be used to measure the net
economic value of the global CVPP ecosystem and also per prosumer, over a
defined period of time.

2. DER-Capacity Utilization Indicator.

This indicator is intended to measure how much collaboration can enhance
efficient utilization of generation capacity of DERs within our CVPP ecosystem.
In the context of the ongoing research, generation capacity is constituted of: 1.
DERs like household PV and battery storage system/electric vehicles. 2.
Centralized community owned energy storage, and 3. Community owned Wind
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Turbine. The proposed indicator will be useful in determining how effective
generation capacity is being utilized to achieve the objectives of the CVPP
ecosystem. This indicator would be used to determine the capacity utilization of
DERs at the global CVPP level and also at the prosumer level.

3. Contribution Indicator

This indicator is intended to measure how much each prosumer within the
ecosystem contributes towards collaborations. It is expected of each prosumer to
contribute towards the sale of energy to the grid. However, it is envisaged that
prosumer resources are not always available due to consumption preferences and
behaviour. It is therefore useful to introduce an indicator that can measure how
much contribution each prosumer made over a defined period of time.

Expected outcome.
By introducing these indicators, we envisage the following:
e Determine the set of conditions that can best influence/enhance the net economic
value of the CVPP ecosystem and RECs in general;
e Determine the set of conditions that can help the enhancement of DER capacity
utilization in the ecosystem;
e Determine the level of prosumer contributions in the ecosystem to enable
appropriate design and deployment of incentives packages that can enhance
prosumer collaborations;

Research approach
The intended approach/methods are through simulations by using System Dynamics,
Multi-agent System Technology and Discrete Events.

5 Conclusion

From the conducted study, a number of conclusions can be derived:

—RECs are promising energy sources that can help to reduce the demands on the power
grid by providing off-grid power supply services to communities. Although these
communities become self-sufficient in terms of energy supply, they also end up being
environmentally sustainable communities in the sense that their activities promote
sustainable lifestyle within the resident community.

—RECs provide an effective and less expensive alternative to the financing of electrical
infrastructure which usually requires a huge initial cost of investment, therefore,
making it attractive to only large utility companies.

—The concept of RECs helps to break the monopoly of big utility companies and
facilitate energy democracy which is currently being advanced by grassroots activists
in the United States and parts of Europe. The idea of energy democracy besides many
other things also promote individuals within communities to become investors and
economic beneficiaries of energy infrastructure and contribute to the governance and
management of these infrastructures.
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—RECs can help mitigate the impact of natural disasters like hurricane which can knock
down significant power infrastructure, leaving thousands of homes stranded and
without electricity for days. RECs like Community Microgrids, Community shared
Solar, etc., can help to power critical infrastructure in such circumstances since their
power sources are predominantly renewable and they are also designed to be self-
sustaining.

—RECs are currently empowering communities to use a bottom-up approach to advance
environmental sustainability issues and promote sustainable consumption behaviors
at the local community level which is more effective than traditional methods.
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