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Low-carbon optimization of regional integrated energy systems considering flexible and

coordinated source-load response and refined utilization of hydrogen energy

ZHANG Yan', YANG Xiaohui®

(1. School of Mechanical and Electrical Engineering, Zhengzhou University of Industrial Technology, Zhengzhou 451100, China;
2. School of Information Engineering, Nanchang University, Nanchang 330031, China)

Abstract: Building an efficient and low-carbon integrated energy system is an important way to achieve the carbon peak
and carbon neutrality goals. Therefore, a regional integrated energy system (RIES) considering flexible and coordinated
source-load response, and refined utilization of hydrogen energy is proposed. Firstly, a refined utilization model of
hydrogen energy, including wind power hydrogen production, hydrogen fuel cells, hydrogen energy storage, and
methane devices, is introduced on the source side, and the heat loss during operation is considered to construct an
electricity-heat-gas-hydrogen efficient coupling model. Secondly, a waste heat power generation unit with an organic
rankine cycle (ORC) is introduced on the source side to decouple the constraint of heat to electricity in cogeneration,
and the demand response is supplemented on the load side to form a flexible and coordinated source-load response
model. Finally, to address the impact of uncertainty in wind and photovoltaic power on system operation, a RIES low-
carbon economic optimization model considering the conditional risk value theory is established, by comprehensively
considering the costs of tiered carbon trading, equipment operation and maintenance, wind abandonment, and energy
procurement. The proposed model is solved using the Gurobi solver. The research results show that the proposed model

can effectively improve the level of new energy consumption, reduce the carbon emissions of systems, and improve
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energy utilization efficiency.
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their WT and PV
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Table 1 Information of original electricity price
i B it/ (T -
e b i B )
20 (kW-h)")
W If 08:00—11:00,17:00—22:00 1.20
FRF - 07:00—08:00, 11:00—17:00, 22:00—23:00  0.88
Eaii 23:00—07:00,00:00—07:00 0.48
T2 MBAMEE
Table 2 Information of original gas price
I Bt it/ (c -
I B
B (kW-h)")
U Fsf 08:00—12:00,17:00—18:00 2.16
) 05:00—08:00, 12:00—17:00, 18:00—23:00 1.93
Eaii) 23:00—05:00 1.57
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Table 3 RIES equipment parameters
, e , , . , Pitla/ Pista/ , , PRgs, o/ . . y
3 "HP ” BT, dis ST,dis ST, chr ST, dis £S, chr °C °C 3S
GB CHE ORC BT,d HST,d HST, ck kW kW GST,d HES, ct kW HFC HFC GST
0.90  0.45 0.90 0.97 0.95 0.95 200 200 0.95 0.95 120 0.55 0.45 0.03
PEs/ " P/ - Poe/ Pt/ Pist o/ Dosr Pt o/ —_ PESha/  Phisa/ Privea, i
kW CHF kW BT, chr kW kW kW GST, chr kW HES, dis kW kW kW HST
1000 0.55 600 0.97 200 200 200 0.95 150 0.95 150 120 300 0.02
) ) Mco,/  Mceu/ D&/ D&%/ Difecn/ DiCn/ Lo/ Cyr/ Ly,/ p
2L h . .h Apy.
MR EL. L (kg-mo]fl) (kg-molfl) KW KW kW kW (kWehem ®) (kJ-kg 1'°C 1) (kW'h’kg’l) MR, t PV.q
0.70  0.88 0.044 0.016 150 150 50 50 9.87 4.2 33.3 0.85 0.20
Pl My D&/ D&E™/ D/ D/ PER . . P
kw MR, h (kg.m()] 1 ) MR, re kW kW kW kW e—h kW mol WT,q
120 0.92 0.002 0.90 200 200 40 40 5 1200 2.50 0.30 0.60
R4 FRMARMEAZK
Table 4 Flexibility coefficient of price demand
NN . ERLIERY 4
RE IR AN 2K EREIVER
U — - e — 4% =4
—0.1 0.012 0.016 0.01
< —0.2 0.025 0.03 0.02
RS p, Aok, WAL S
Table 5 Values for g, and &,
Iz)/l\& Pl PZ P% P-l pG PG P7 PS PO PlO
M 0.112 0.131 0.086 0.097 0.125 0.101 0.087 0.094 0.075 0.092
K, 0.870 1.100 0.940 0.850 1.090 1.140 0.990 0.890 1.120 0.890
52 REMBEBRIZIVNHHERES T R6 AT MAIIE
521 AR H Table 6 Comparison results of three schemes’ costs
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A/ IC BAR/IG AR/ TG AR /oG gt B/

1 20330.6 3419.9 2018.6 51224 30891.5 25.64
2 20550.2 3529.1 17654 3511.5 29356.2 22.12
3 20660.3 3578.2 1614.2 37256 29587.3 20.66
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Figure 3 Effect of carbon emission trading price on RIES
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Figure 4 Effect of interval length on RIES carbon emission
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Table 7 Transpose of comparison results of

!
three schemes' costs

o m@ﬁ‘é# 5@2&4 ﬁmg C E’I; h5) JAEZIS/ e HE AT
JRA/TC WA/ TT WA/ T AR/ 5T JG B/

3 20660.3 3578.2 16142 37256 29587.3 20.66
4 202767 3680.4  909.5 3278.5 285451 19.81
5 203529 3811.5 7443 3016.7 279254 19.23
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Figure 6 Electricity scheduling results for scheme 3

and scheme 4
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Figure 7 Thermal scheduling results of scheme 4

and scheme 5
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Figure 8 Hydrogen energy utilization results
of scheme 5
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Table 8 Comparison results of three schemes’ costs

Lx Wi EE M CET DRINEIESE BB b mEENR W i
WA/TE RA/TE RA/TE BA/TE BASE RA/IE SR/ WREUE TR R
5 20 352.9 3811.5 744.3 3016.7 0.0 27 925.4 19.23
6 19882.2 3516.7 201.5 2015.8 714.4 26 330.6 18.35 0.921 0.945 0.892 0.924
7 19651.3 3641.5 151.4 1617.7 701.5 25763.4 17.89 0.952 0.966 0.911 0.947
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Figure 10 Comparison results of various loads between

scheme 5 and scheme 6
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