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ABSTRACT: The development of the regional energy network
is an essential part in the construction of new-type towns. It is
of great significance to analyze the evolution law and
morphological characteristics of the regional energy network
for guiding its planning and operation. This paper proposes an
evolving model of the regional energy network considering
town growth characteristics. Firstly, the growth characteristics
of spatial load are summarized according to the town growth
characteristics, and the growth process of town load is
simulated based on the random geometric graph model of
complex network theory. Then, with the objective of
minimizing the investment and construction cost, the
distribution of energy stations and integrated pipelines of the
regional energy network is obtained, and the evolving process
of the regional energy network is given. Furthermore, the
spatial and topological characteristics of the evolution model
are analyzed theoretically. The simulation results show that the
evolved regional energy network conforms to the growth
characteristics of the town and load, and its morphological
characteristics are consistent with the theoretical analysis
results and similar to the actual power grid, which verifies the
rationality of the proposed model.

KEY WORDS: regional energy network; town growth
characteristics; complex network; random geometric graph;
evolving model; network morphological characteristics
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Fig. A1 Example of the random geometric graph
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Fig. B1 Diagram of the regional energy network coverage
area
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Fig. D1 Degree distribution of the regional energy
network evolving model when N=10 000
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network morphological characteristics

The development of the regional energy network is
an essential part in the construction of new-type towns. It
is of great significance to analyze the evolution law and
morphological characteristics of the regional energy
network for guiding its planning and operation.

This paper proposes an evolving model of the
regional energy network considering town growth
characteristics. According to the town growth
characteristics, the growth characteristics of spatial load
can be summarized as follows: In the growth stage of the
town, the load will accelerate, and the load growth rate is
faster in areas with high load density, which shows that
the urban spatial load growth has the characteristics of
agglomeration. The growth process of town load is
simulated based on the random geometric graph model
of complex network theory. Add load nodes one by one
according to independent and uniform distribution in a
plane area, and set the rules for retaining load nodes to
determine whether to retain the new nodes. The
agglomeration characteristics of spatial load growth
show that in the area close to the existing load node, the
possibility of new load is greater, and the possibility of
new load at a certain point in the space can be expressed
by probability model.
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Where p; is the retaining probability of the load node
added for the ith time; g1 and g, are the probability of
retaining load nodes due to natural conditions and
socio-economic conditions, respectively; dmini iS the
minimum distance between the load node added for the
ith time and the existing node; r is the radius of the
influence range of socio-economic conditions.

With the objective of minimizing the investment
and construction cost, the distribution of energy stations
and integrated pipelines of the regional energy network
is obtained, and the evolving process of the regional
energy network is established. Based on the mean field
method, the spatial and topological characteristics of the
evolution model are analyzed. The degree distribution of

the evolved regional energy network has power tailed

characteristics, as shown in Fig. 1
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Fig. 1 Degree distribution of the energy network evolving model

In the simulation results, the relationship between
the radius of regional energy network and time is
obtained as follows:

R = 0.2425t%" 2)
Where R is the radius of regional energy network; t is
the evolution time of regional energy network.

The above formula shows that the radius of regional
energy network increases linearly with time. The
relationship between load and material consumption of
energy supply pipeline is as follows:

P, =3.457x10° x\/,>™® (3)

Where Ps is the total load of the regional energy
network; Vs is the material consumption.

The above formula shows that there is a sub linear
relationship between the network load and the material
consumption of the energy supply pipeline. The
morphological characteristics of the network are
consistent with the theoretical analysis results and
similar to the actual energy network, which verifies the
rationality of the proposed model.

Compared to the traditional methods, the proposed
method is able to simulate the spatial distribution
characteristics of the regional energy network, and the
evolution results are more refined, with more
characteristics of the actual energy network.



