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MxIEdE / &

Y

CHP CCS EB ORC ESS TSS EL HST HFC
1 7 9 7 5 10 10 0 0 0
2 6 8 7 3 10 10 0 0 0
3 6 8 7 3 10 10 4 20 5
4 5 7 7 1 10 10 5 20 2

T35 1,3 5 2 A /D T $3.815%10°,
W HE R A I > T 64.37 t, 3% U HH % & LCDR #HL 7
J&  REA B RAAIR 22 4 1) i HE R B R AR o 3k
KA LCDR M 8175 CEF 515 K = b HE R B H fig
WK 2 AR HE AR B, DT FEEAEG T e e HE Ao B 17 R
R A

FETE 0 BARRN . 5 27851 A LCDR#L
)5 , 3l CEF 515, ) B Sl 4 S8t P A
T REAT M, W5 v Ok HE O B A H e s A% B a HE
RS B, w1 e HE S B2 0 1R BE LA S CHP 1Y
K HLH, CHP . CCS . ORC LRI A &k . 551
FIEE, 35 2 (A0 AR (3B 47 AR T RE AR 45 3]
A 17.09 % . 15.23 % . 16.53 % , ¢ HE i & 5% %

15.55 % , HAK fe HE B B KOG 98 R 7 & 2
93.35%. LAAZRBRH RE], ik 20 LA e
1 F,CEF 7E 11:00 — 23:00 i B¢ 4% &5, 01:00 — 11:00
i B A, 76 S50 LCDR J& , H BE DA 2 B HE s B e
RN HERT B, 4 Fh8LRY H A HARI .
IRl UL R ) 25 CEF -5 B8 V8 o 6k HE il LA R A7
LCDR, A A R P B & AR AT b, A2 a2 1)
UAEIELAY |, A5 RIS S 2 U M AR X A i gt v o

H#E L HFE (&= =
Sp MEE R L AT S
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24 48 72 9
f ] / h
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Fig.1 Comparison of electric load and CEF between

Case 1 and Case 2 on typical days
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Fig.2 Comparison of electric load and CEF between

00:00 06:00

Case 1 and Case 2 on typical winter day

TS 1, 5 3 0 EAI D 1 $7.24%10°,
KIGTH 94 % H 91.96 % T+ 2 93.86 % , ik HE i & 12 I,
DT 1.03 1, X% R SHS I, BEA B = KOLTH
Y AR AR, I B — 2 iRk BE T o X2
H1 T SHS AT LATE i3 5B U5 6 40l 22 4 i KOG G 4 i =
REMEATABAT , 7 S BRI Y SE B T 5 2 e
.,

T 3T AR . 5 R EREAH L, HST
R0 K] 25 HE R K (2000 MW =h) , B FH T H ] S RE VR

x3 BHEMIER

Table 3 Planning results in different cases

Gt B /8 BRRR /8 2R /S TAREIRA /S FERGEIGIETINA /8 B /8 iRHEIUEEE /. KOBIHAAER / %
1 23004x107 4.3935x10°  3.4073x10°  8.8636x10° 5.3824x10° 0 413.89 91.96
2 1.9189x107 3.6426x10°  2.8884x10°  7.3982x10° 4.4510%10° 5157.51 349.52 93.35
3 22280x107 5.1688x10° 3.3358x10°  8.6648x10° 4.1083x10° 0 412.86 93.86
4 1.8471x107 4.3393x10°  2.8337x10°  7.2504x10° 3.1866x 10° 6897.10 349.02 95.24
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Fig.3 Hydrogen charging and discharging power,

and stored energy of HST
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W 5E S E o XA 25 SR S ) 1R SR o I
B M 0.05 % 0.3 7454k, 2544 0.05, B B 5 7KF- M 0.95
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Table 4 Comparison of planning results with different values of «

o REAS /S BB /S IBATHUAR /S WARERUAS /8 FERGEICIETIRUAS /8 BRECH AR /8 BBIIRA /S BRHERUE A / ¢
0.05 3.6188x10" 4.2879x10° 3.8437x10° 1.0754x10’ 1.6042x107 1.2571x10° 2431.76 516.23
0.10 3.2889x10"  4.4602x10° 3.5944x10° 1.0029x 10’ 1.3578x 107 1.2237x10° 3631.49 488.81
0.15 3.1426x10"  4.3875x10° 3.5101x10° 9.7380x10° 1.2598x 107 1.1877x10° 4976.19 475.33
0.20 3.0601x107 4.3817x10° 3.4391x10° 9.5882x10° 1.2004x 10’ 1.1828x10° 5040.66 470.04
0.25 3.0045x10"  4.4428x10° 3.3893x10° 9.4557x10° 1.1569%107 1.1762x10° 5231.51 465.13
0.30 2.9641x10"  4.5650x10° 3.3580x10° 9.3453x10° 1.1194x107 1.1729x10° 5866.35 461.40
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Table 5 Comparison of planning results with different uncertainty methods
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Distributionally robust joint chance-constrained low-carbon planning method for
energy station considering low-carbon demand response and seasonal
hydrogen storage
WU Junling, HE Shuaijia, LIU Junyong, LIU Youbo
(College of Electrical Engineering,Sichuan University, Chengdu 610065, China)

Abstract: Low-carbon development of energy stations is a key task in achieving carbon neutrality. However,
the output uncertainty of renewable energy significantly affects the planning results of energy stations. A
distributionally robust joint chance-constrained low-carbon planning method for energy station is proposed,
where low-carbon demand response and seasonal hydrogen storage are both considered to reduce carbon
emissions of energy stations. The dynamic carbon emission factor is utilized to characterize carbon emissions
of energy station. Then,the factor is applied to the low-carbon demand response to incentivize users to par-
ticipate in both energy conservation and emission reduction. Seasonal hydrogen storage is adopted to enable
long-term cross-seasonal utilization of renewable energy,which is regarded as another decarbonization measure
of energy station. At the same time, accounting for the probability distribution uncertainty of wind turbine
and photovoltaic power outputs, a distributionally robust joint chance-constrained planning model of energy
station is established based on Bonferroni inequality. Case studies demonstrate that the proposed approach
can reduce the carbon emissions of energy stations and effectively address the probability distribution un-
certainty of both wind turbine and photovoltaic power outputs.

Key words:dynamic carbon emission factor;low-carbon demand response;seasonal hydrogen storage;distribu-

tionally robust joint chance-constrained ;planning;energy station



