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ABSTRACT: Microgrid is considered to be an effective way
to utilize renewable energy. The autonomy, intelligence and
green requirements of microgrid individuals are increasingly
significant under the trend ofthe development of energy
interconnection. However, it is difficult for the traditional
centralized energy optimization methods to meet the
development trend. This paper optimized the microgrid with
potential game and the carbon emission factor from the
perspective of economics. Potential game is a special form of
non-cooperative game, whose finite improvement property
(FIP) guarantees the existence of pure strategy Nash
equilibrium. By constructing the payoff function with node
economy and greenness (carbon emission) taken into account,
the distributed method was adopted to solve the optimization
problem. The simulation results show that, the individual
autonomy and intelligence of microgrid are fully improved, and
carbon emissions are under effective control. It verifies the
feasibility and effectiveness of potential game applied to the

operation optimization of microgrid.

KEY WORDS: microgrid; potential game; carbon emissions
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Fig. 1 Architecture of microgrid
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Microgrid is considered to be an effective way to
utilize renewable energy, and a "building block" of the
smart grid. The management, intelligence and green
requirements of microgrid individuals are increasingly
significant under the trend of the development of energy
interconnection. However, the traditional centralized
energy optimization methods can hardly meet the
development trend. In order to solve this problem, a
distributed optimization method based on potential game
is proposed, focusing on the microgrid consisting of
photovoltaic cells (PV), wind turbines (WT), diesel
engines (DE) and batteries (BA). The optimization
model is established according to the three elements of
games, i.e. players, payoff functions and strategy sets.

1) Players.

PVs, WTs, DEs and BAs are viewed as the players
of the potential game.

2) Payoff Functions.

Each player has a payoff function related to its own
strategies, which is used to measure the quality of its

strategies.
U=F,ieN
EE{F FwI’F:ic’Fba}ieN

pv?

()

3) Strategy Sets.
The strategy of a player is the output power subject

to some constraints determined by the microgrid.
Yi = {1)1 :Pbmin < 1)1 < E-max} (2)
The distributed architecture of players is shown as
Fig. 1.

A potential game is a special form of non-

cooperative game, whose finite improvement property

S13

(FIP) guarantees the existence of pure strategy Nash
equilibrium. It can be verified that the proposed model is
a potential game.

AG = G(yi?yii)_G(yi‘?yii) = (F: +

Y F)~(F+ Y F)=F~F,

JJ# JJ# ©)
AU=U(,y)-UG .y )=F—F,
AG =AU

That each player selects their optimal strategy by
means of exchanging messages without a central
controller leading to a Nash equilibrium.

The payoff function is constructed, taking into
account node economy and greenness (carbon emission);
and the distributed method is adopted to solve the
optimization problem. The simulation results show that,
the individual management and intelligence of microgrid
are fully improved, and carbon emissions are under
effective control, which verifies the feasibility and
effectiveness of the potential game applied to the

operation optimization of microgrid.

Profit-orientation

Power balance Exchanging messages
—>

Tendency .

PV player

BA player

Fig. 1 Distributed architecture of players



