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Fig.1  Structure of wind and photovoltaic stations-

hydrogen storage system
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Fig.2 Multi-timescale power planning framework
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Table 1 Renewable energy power unit parameters
SR LA SGRLLL
BNRIE A/ (JTo8-MW ) 756 586
BPLIEAT A/ (JTI8-MW ) 0.008 0.012
i % fn/a 25 25
AR/ 2 400 2 000

x2 ANBHASH
Table 2 Thermal power unit parameters
2R HfH
BANTREGE A/ (JT G- MW ) 389.2

a/[J6+(MW+-h) '] 0.003 3
b/[JC-(MW-h) "] 112.49
o/(JC-h7h) 6 947.9
%54/ a 30
SRR /NI 2 4 500
TR B/ [t (MW h) ™' ] 0.8
SO, HE# B/ [ kg (MW +h) '] 3.94

NO, HE# BE/ [ kg (MW +h) ™ ] 3.09
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Table 3 Parameters related to hydrogen storage system

FC % &5/ (J7ot-Mw™") 298.8
ET #% &%/ (Ji6-MW™) 625.3
(AR 250/ Hoc-(MW-h) '] 0.195
FC 3%/ % 60
ET 3%/ % 60
%L S/ MPa 10
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WL 3 PO RRAE TR A . L
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Table 4 Time-of-use electricity price
B B/ e (kW-h)™']
00:00—08:00 0.220
08:00—11:00,16:00—19:00,
22.00—24.00 0420
11:00—16:00,19:00—2200 0.346
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Table 5 Power supply installation results

S FEI1 EY E X
R 1 2113 2410 447
Rz 2 5598 2554 3658
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R HL 37 4 148 2 451 9174
TR HL v A 3136 243 3 466
%m Jefkra ki B 1155 4145 938
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mw  OGIRAE C 1369 892 2 624
JefR L D 540 2 056 2212
KL 5059 7 835 5 041
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ET 3943 3252 32 340
TGS 2925 3179 38 490
BBIURA, 1 989 108.7 14 651 322.7 42 226 776.0
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Fig.4 Newly installed power capacity
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Fig.5 Simulation results for a typical day of operation

ARG S 526.2 T3 o6, FEKUFE L RN ER 55 A 3 0
892.5 J3JUAE I ISAS b, K/ 7 il 1 A e
RGN G A i 83.9% , BUX/ ek 1a1 Rk A
i LB o3 B AL ) R AT D A8 58 B BE W 5 B 20 T AT
FHEREU, P M A I BRI 25 5y AR , AT %
RSB TT A .

RTTE 3 AF BN RL S, 5O 1T

/MW

b, BT AR N 1 793.1 J7 0T, R/ G370k FLE ik
B RGBT AN 1 506.3 T3 70, K/ Y6350 fla



2 HEHEAR 40

BRE R G A0 5 031.4 570, KB HLAEfT
AREAR 3 536.8 10, 35 KT 6 A1 FRBE A AS A
1207.5 736, WF R/ 650 2 [BIAF1E5C 5 BE 42
BT 1) 45 2 A6 B R G0 K A T R B
SEE RN BRI BRI Gy L2, U)K A8 ) A
Wahn, S BURB T A,
422 ZBBMEETT T
FR AP E 32 17 R W, IR/ 6 3 0 32 5 i 7E [R] —
Ao 2 B A7 A5 SR S il AT HE & Rk, 58— B Be 4%
R/ ez vk 3R & Ay e g T aniEl 6 Fis o
15 000
10 000
5000
0
-5 000

-10 000

~15 000 ~ ~ - - -
00:00 04:00 08:00 12:00 16:00 20:00 24:00
i Z1

6 3MARBEER/GREFLAR

Fig.6 Overall surplus/shortage operating conditions
of three schemes
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Fig.7 Three schemes of surplus/shortage
power allocation
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Table 8 Power selling price of hydrogen storage system
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Multi-timescale coordinated planning for wind-photovoltaic-thermal-hydrogen

based on a demand proportional allocation mechanism
FAN Hong', LI Ting', YAN Jiaxin' , SUN Yan', ZHANG Heng’, JIA Qingshan’
(1. College of Electrical Engineering,Shanghai University of Electric Power, Shanghai 200090, China;
2. Shanghai Jiao Tong University (Key Laboratory of the Ministry of Education for Power Transmission and
Power Conversion Control) ,Shanghai 200240, China;3. Center for Intelligent and Networked Systems,
Department of Automation, Tsinghua University , Beijing 100084, China)

Abstract: As the flexibility needs of new power systems with a high share of new energy sources increase, it is important to
develop a flexibility resource market operation mechanism to balance the volatility and uncertainty of large-scale new energy
output in real time. To this end, a wind-photovoltaic-thermal-hydrogen coordinated planning method based on a demand
proportional allocation mechanism ( DPAM) is proposed in the paper. Firstly,a three-phase coordinated operation strategy for
wind and photovoltaic systems with hydrogen storage is formulated. Inter-station power trading between wind and photovoltaic
based on DPAM coordinates the revenues and expenditures of wind and photovoltaic stations. Thermal power and hydrogen
storage systems are used to provide operational flexibility,and a fixed-profit-proportional model is used to ensure the stability of
hydrogen storage system revenues. Then, integrating the investment decision and operation simulation, power trading costs and
flexibility resource regulation costs are incorporated in the optimization objective. A multi-timescale coordinated planning model
with wind serving as the primary power source and thermal power and hydrogen storage as the auxiliary power sources is
established. Finally,a provincial grid in northeast China is used as an example for analysis. The results show that the proposed
methodology can be used for power planning in an economical and environmentally friendly way, reducing flexibility resource
requirements and investment costs while incrersing the power utilization of wind and photovoltaic stations.

Keywords : flexibility ; demand proportional allocation mechanism ; hydrogen storage system ; wind-photovoltaic-thermal collabora-

tive optimization ; coordinated planning on multiple time scales ; fixed-profit-proportional model
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