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ABSTRACT: In recent years, to promote renewable energy
consumption and improve energy efficiency, the integrated
energy system (IES) has been widely promoted and applied.
Establishing a refined integrated demand response (IDR) model
is the key to realize the coordinated and optimized operation of
IES. In this paper, a regional IES architecture with coupling
between energy supply and demand was first constructed.
Then, based on the elastic price response model of power load,
a refined IDR model with coupling response characteristics of
electricity-heat-cold demand was established. On this basis,
with the goal of minimizing the operating cost of IES, the IES
optimization operation model was established. This model
achieved the coordinated optimization on both sides by
optimizing the energy price of on the demand side and the
operating parameters of the energy conversion equipment in the
EH on the supply side. Finally, based on a regional IES system,
the IDR model and IES operation model were simulated, and
the results show that the proposed IDR model can accurately
describe the coupling response characteristics of the
participation in demand response, and the proposed IES
optimal operation model can improve the economy of IES and

promote the renewable energy consumption.
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Fig. 1 Integrated energy system of electricty-gas-cold-heat
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Table 1 Results comparison of scenes TG
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Table 2 Comparison of optimization results under

different equipment models JG
s R
Y
BPIEVERA MRERA FEROGIET ST
a) 0.00 4264.32 100.03 4364.35
b) 0.00 4424.76 100.03 4524.80
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Table 3 Results comparison of scenes with different

distribution cofficients JG
o Rt &SP S
5t
FREMERA WREA AROGEN AR SRR
a) 0.00 4264.32 100.03 4364.35
c) 0.00 4199.07 100.03 4299.10
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distribution coefficients in scene 3
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Table 4 Results comparison of scenes with different

allowed difference percentages JC
(BN RS R
RG] FpdEthsA R FROGETRA Bk
0 0.00 4199.07 100.03 4299.10
0.1 233.84 3855.35 100.03 4189.22
0.2 330.57 3714.22 100.03 4144.82
0.3 434.09 3581.34 100.03 4115.46
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Table A1 Parameters of devices in the energy supply side
Pre % T HL N BR/KW Ty H PR /KW
0.9 0 300
BUE R FERE T IR FeRe LIR
CPZ Bl (o ) (H/ )W (/)W
0.35 0.42 100 120 350 420
BE R nes FEIT R /RW PR R BR/AW
0.85 100 500
AR PR T T BR/KW W 1 BR /AW
#H 1 0 500
S RIRES TS R /m? Ty _E PR/ m?
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Table A2 Parameters of devices in the energy demand side
ER ¥
1 #4Z/EHP FE L 1ERP(5°C) 3
ZEI/AC P R 11Ac(25°C) 3.8
HeIAER/HE LR e 1.0
WS v WL/ AF PR R AR 12

A e

PR G B :»%
R

F 7 e 0 TIC FR A Putiar 73 iC R AL
% - o - o e
a a? a o a
1 0.556 0.201 0.244 0.438 0.562
2 0.556 0.201 0.244 0.438 0.562
3 0.556 0.201 0.244 0.438 0.562
4 0.585 0.158 0.257 0369 0.631
5 0.685 0.165 0.150 0510 0.490
6 0.786 0.097 0.117 0.438 0.562
7 0.806 0.101 0.092 0510 0.490
8 0.846 0.098 0.056 0.625 0375
9 0.767 0.166 0.067 0.701 0.299
10 0.765 0.184 0.050 0.776 0.224
11 0.797 0.160 0.044 0.776 0.224
12 0.889 0.085 0.026 0.757 0.243
13 0.889 0.085 0.026 0.757 0.243
14 0.859 0.103 0.038 0.722 0278
15 0.741 0.178 0.081 0.675 0325
16 0.642 0.232 0.127 0.634 0.366
17 0.643 0.209 0.148 0.572 0.428
18 0.718 0.156 0.126 0.539 0.461
19 0.819 0.095 0.086 0510 0.490
20 0.832 0.066 0.103 0378 0.622
21 0.861 0.049 0.089 0.342 0.658
22 0.867 0.047 0.086 0.342 0.658
23 0.769 0.104 0.127 0.438 0.562
24 0.556 0.201 0.244 0.438 0.562
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Fig. A1 Schematic diagram of interaction mechanism

between supply and demand
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Fig. A2 Characteristics of equipment under varying
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the

consumption of renewable energy and improve energy

In recent years, in order to promote
utilization efficiency, the park-level integrated energy
system(PIES) has been widely promoted and applied.
Establishing

response(IDR) model is the key to realizing the

an  accurate  integrated  demand
coordination of supply and demand of the PIES.

This paper proposes a refined integrated demand
response model for the PIES, and verifies the superiority
of the proposed model through a typical PIES dispatch
model. The schematic diagram of the PIES is shown in
Fig. 1, including transformer(T), combined heat and

power unit(CHP), gas boiler(GB), wind turbine(WT),

photovoltaics(PV), electric heat pump(EHP), air
conditioning(AC), heat exchanger(HE), and absorption
refrigerator(AF).
Load De
— 2 ay | Electricity
—)| EHP
[t demand
=0,
Ay Dh
e exiil fe
ﬁ demand
E ay Cold
SYSTEM \_ USER1 -+ USERm demand
——Electricity —> Natural gas —> Heat —— Cold =----# Message

Fig. 1 Integrated energy system of electricty-gas-cold-heat
In order to improve the shortcomings of the current
integrated demand response model based on game theory
and price demand response theory, this paper starts with
the energy coupling characteristics of multi-energy users,
and studies the refined user load demand conversion
characteristics, as shown in (1).
Pew =7 Ecqu
Eequ =a- Ein
Pus =8Py 4Py,

(D

where Pequ, Ecqu are the energy output and input matrix
of equipment. Py, Ei, are the the system energy output

and input matrix. 7 is the equipment conversion

S11

coefficient matrix. e, S are the input energy distribution
matrix and equipment output attribution matrix. Py, is
the internal energy production matrix.

Secondly, combining the price-demand elasticity
theory and the user's energy consumption characteristics,
an IDR model based on demand changes is constructed,
as shown in (2). In addition, the calculation method of

the electric-heat coupling price-demand elasticity
coefficient is derived, as shown in (3).
AD;, a c
}; e2h ' h2h ALi,t
ADi,t =| iy nEHP,i,t Qiy 77HE,i,t ALh (2)
c e2c h2c it
AD;, Ay Nacit i Tarit I
Teup Maci L
o =l gy Dok gy ne g )
HE.it YINITS Li,to
where AD;,, AD/,, AD{, are changes in electricity,

heat, cooling demand. L, , AL, are the electric load

ity ? it

and its change. L:’J“ , AL

i are the thermal load and its

e2h
it

e2c
it

e2e

change. o°, « a;;° are the the proportion of

electricity load converted into electricity, heat, cold
demand. ", o are the the proportion of heat load
converted into heat and cold demand. 7> My s
Macit> Mariy are the efficiency of EHP, HE, AC, AF.

&y 1s the electricity price-demand elasticity coefficient.

,

£ is the electric-heat coupling price-demand elasticity

coefficient.
Finally, a typical PIES dispatch model is
established. The application of the IDR model to the
dispatch model verifies the advantages of the method
proposed in this paper. Compared with the traditional
model, the method is more accurate and effective. At the
same time, by analyzing different response modes, it can
be seen that it is more economical for users to freely
allocate the response amount than to allocate according
to the original proportion. The system cost will decrease

with the increase of the user's allowable offset.



