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ABSTRACT: Accessing flexibilities in energy demand side
will pave the way for a higher integration of variable and
intermittent renewable energy in power systems. Energy
distribution network (EDN) is a novel concept of integrating
flexibilities in demand side by interoperating diverse energies
such as electricity, gas and heat within a local area. With highly
flexible energy interoperations, EDN can actively respond to
variable renewable energy leading to a higher renewable share
in power systems. This paper systematically presented the
concept of EDN with the discussions on its infrastructure and
fundamentals on multi-energy coordination. Three types of
operation modes of EDN were investigated as well as mode
conversions and comparisons with typical smart grid
applications. A surplus market of EDN was proposed in the
paper aiming at trading large amounts of renewable energy
surplus, which can be a positive attempt of China’s power
market reformation. Finally, the outlook of potential

breakthroughs was summarized in the paper.
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Accessing flexibilities in energy demand side will
pave the way for a higher integration of variable and
intermittent renewable energy in power systems. Energy
distribution network (EDN) is a novel concept of

integrating flexibilities in demand side by interoperating
diverse energies such as electricity, gas and heat within a
local area, as illustrated by Fig. 1

With highly flexible energy interoperations, EDN

Fig. 1 Network infrastructure illustration of energy distribution network

can actively respond to variable renewable energy,
leading to a higher renewable share in power systems.
Operating flexibilities are brought by the modes of EDN
including (a) Determining Heat by Power and Gas, (b)
Determining gas by power and heat, (c) Determining
power by gas and heat. Each mode targets to a four
quadrants conversions respectively relying on storage
amount of electricity, heat and gas.

A surplus market of EDN is proposed in the paper
aiming at trading large amounts of renewable energy
surplus, which can be a positive attempt of China’s
power market reformation. The surplus market is
constructed as a peer-to-peer CDA based real-time
market that can help the neighboring consumers to trade
surplus electricity with each other. The energy company
uses a legitimate trading mechanism to enable electricity
providers and consumers trading surplus electricity in a
real-time market under the same energy distribution
network, as illustrated by Fig. 2.

S8

Fig. 2 Surplus electricity trading mechanism

The proposed study proves that by introducing such
surplus electricity real-time market, the implementation
of DERs can be further improved. Furthermore, both
providers and consumers can benefit from such trading
market by paying less for purchasing electricity and
selling more for providing surplus electricity.

Finally, the outlook of potential breakthroughs is
summarized in the paper.



