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Abstract: One of the new concepts in line with the
development and decentralization of smart grids is energy
democracy. Energy democracy means possible, easy, and non-
discriminatory access to energy for all consumers. The presence
of smart buildings in the smart grid as prosumers that can both
produce and consume clean energy can contribute to the
development of decentralization and decarbonization in
electricity industry. An energy community includes a set of
energy users as well as energy resources and energy
consumption. Prosumers can participate in peer-to-peer (P2P)
energy trading through  appropriate  communication
infrastructures and contribute to the energy supply of the energy
community. In this paper, the problem of energy management
of smart grids, including energy communities, was solved while
promoting energy democracy for the presence of smart
buildings in P2P energy trading and residential demand
response programs. An energy democracy model for the set of
energy users including prosumers and managers within energy
communities was introduced according to the concept of users’
preferences. In this paper, prosumers were classified into three
flexible, economy-oriented, and community-oriented categories
according to their preferences. Also, managers of energy
communities were classified into two categories according to
their preferences: managers with an interactive approach and
managers with a non-interactive approach. The problem was
solved by the CPLEX method in GAMS software. The results
showed that the proposed approach improved energy
democracy in the smart grid.
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Introduction

One of the new concepts in the development and
decentralization of smart grids is energy
democracy. Energy democracy means possible,
easy, and non-discriminatory access to energy for
all consumers. The presence of smart buildings in
the smart grid as prosumers that can both produce
and consume clean energy can help develop
decentralization and decarbonization in electricity
industry. An energy community includes a
collection of energy users as well as energy
resources and demands. Self-generated end users
with appropriate communication infrastructures can
participate in peer-to-peer energy trading and help
supply energy for the energy community. In this
paper, the problem of smart grid energy
management including energy communities was
solved to promote energy democracy for the
presence of smart buildings in residential demand
response programs and peer energy trading. An
energy democracy model was introduced for a set
of energy users, including prosumers and managers
within energy communities.

Materials and Methods

The proposed framework for smart grid energy
management including energy communities is to
perform energy scheduling according to prosumers’
preferences and energy community managers’
preferences. Each of the energy communities
includes smart buildings. Energy planning of each
smart building can be done by an energy
management system. Each prosumer has the ability
to trade energy through a peer-to-peer platform with
its neighbors and to trade energy with the upstream
grid through communication with the energy
community manager. Every smart home appliance
is divided into two categories: interruptible (such as
washing machine, vacuum cleaner, etc.) and
uninterruptible (such as lighting). Each prosumer
can participate in the demand response program to
reduce their interruptible load at peak times and
receive incentives from distribution network
operators. Furthermore, each prosumer can own a
photovoltaic system and can meet their demands by
self-consumption of the photovoltaic system or by
purchasing energy from the upstream grid. Besides,
additional energy can be sold to the upstream grid
by contacting the energy community manager. The
mixed integer linear programming (MILP) model
of the optimal energy management problem for a
smart grid consisting of several energy
communities is solved by CPLEX in GAMS
software.

Results
Energy democracy of end-users of smart grids

depends on the value of prosumers’ self-
consumption, participation of prosumers in
demand response programs, energy exchange
with upstream network, energy exchange
through peer-to-peer energy trading, charging
and discharging electric vehicles in parking lots
and energy exchange with other energy
communities. The preference of prosumers
within energy communities --depending on
whether they are flexible, economy-oriented, or
community-oriented-- as well as the preference
of energy community managers --depending on
whether they have an interactive or a non-
interactive approach-- can affect energy
democracy in smart grids. The results showed
that the energy community manager No. 3, due
to its non-interactive approach with other energy
communities, preferred a larger share in
charging and discharging electric vehicles inside
its own electric vehicles’ parking lot to supply
energy related to its own energy community
than energy community managers No. 2 and 3
that had an interactive approach. Furthermore,
energy community No. 1 sold energy to energy
communities No. 2 and 3 at 9 pm, when the
peak load of energy communities occurred, and
to energy community No. 2 at midnight. In
general, the more the buildings and the energy
communities could reduce their dependence on
the upstream grid, the further energy could be
supplied locally and theless pressure was applied
to the upstream grid.

Discussion and Conclusion

This paper optimizes the energy management of
a smart grid involving energy communities with
the goal of maximizing energy democracy. In
order to model energy democracy, prosumers
were classified into three categories according
to their preferences: flexible, economy-oriented,
and community-oriented. Also, managers of
energy communities were classified according to
their preferences into two categories: managers
with an interactive approach and managers with
a non-interactive approach. The results showed
that smart grid energy democracy depends on
the amount of the available energy of
photovoltaic systems for energy consumption or
energy exchange such as self-consumption as
well as the participation of prosumers in demand
response programs, energy exchange with
upstream network, energy exchange through
peer-to-peer energy trading, charging and
discharging electric vehicles, and the exchange
of energy with other energy communities.
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