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Two-stage optimization of regional integrated energy system planning-operation with
dynamic hydrogen pricing and uncertainties
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(Shanghai Key Lab of Power Station Automation Technology, School of Mechatronic Engineering and
Automation, Shanghai University, Shanghai 200444, China)

Abstract: An integrated energy system is of importance in improving energy efficiency, promoting energy transformation
and emission reduction. With the large-scale access of renewable energy and the diversification of energy demands such
as electricity, hydrogen, and heat, the integrated energy system is facing multiple uncertainties on both the supply and
demand sides. This paper proposes a two-stage optimization method for regional integrated energy system planning and
operation with dynamic hydrogen pricing and uncertainties. First, a nonlinear dynamic hydrogen pricing mechanism with
practical physical significance is proposed to realize the dynamic change of hydrogen price with the proportion of
renewable energy to promote hydrogen production from renewable energy. Then, this mechanism is introduced into the
two-stage coordinated optimization of planning and operation process to minimize system construction and operational
costs by allocating reasonable equipment capacity and making an economic operation plan. The uncertainty of renewable
energy output and load demand is described based on fuzzy chance constrained programming to enhance the robustness of
the system. Finally, the effectiveness of the proposed optimization model and method is verified by simulation.
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Table 1 Basic parameters of candidate conversion equipment

p—— Fo5 ) %1&3%&5&2 Hiﬁiﬁs?’ﬁﬁk G, A i
KW A/GEKW)  AIGEIKW h)) I
GT1 100 5000 0.068 12 30
GT GT2 200 5000 0.068 12 30
GT3 300 5000 0.068 12 30
GBL 200 100 0.002 085 20
GB GB2 300 100 0.002 085 20
GB3 400 100 0.002 085 20
ACl 40 1000 0.008 09 20
A a2 w 1000 0.008 09 20
ECl 50 800 0.008 3 20
B e 100 800 0.008 3 20
Elel 100 12 000 0.16 — 10
Ele Ele2 200 12 000 0.16 — 10
Ele3 300 12 000 0.16 — 10

R 2 FHiEfERREEASH
Table 2 Basic parameters of candidate energy storage
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ES1 200 1700 0.001 8 0.001 0.5
HaLfifr
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TS1 100 190 0.001 6 001 085
ot

TS2 200 190 0.001 6 001 085

CS1 50 100 0.001 6 001 085
Hotit

CS2 100 100 0.001 6 001 085

HS1 50 1800 0.01 001 085
At

HS2 100 1800 0.01 001 085
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Table 3 Cost details of scenarios
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B RRA
2932 2394 2 404 2494
&4 327 494 530 546
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17 e H, 982 644 1290 1268
29 A 1288 1893 2088 2168
S L -1 260 -2278 -630 ~760
HE -2 146 -2 146 -2146 -2 400
SRAR 2151 1023 3575 3355
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Table 4 Planning results of scenarios
W Y1 Y5t 2 Y 3 Y54
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