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Collaborative Optimization Model for Carbon Emission Oriented ''Source-
Storage'' Capacity Allocation
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Abstract: A two-stage robust optimization model for the planning capacity of the new power system "source-storage" of new power
system is established, taking into account the uncertainty of power output and load demand. Using even theory and Karush Kuhn
Tucker conditions (KKT), the robust optimization problem with min-max-min structure is decomposed into two stages: the main
problem and sub problems for solution. The main problem is the minimization optimization problem structure, which adopts a relaxed
form and considers the carbon emission requirements of new power system and the constraints of wind and solar power curtailment.
The optimal values of the installed capacity of various power sources are determined, and the upper bound of the optimal solution of
the original problem is obtained. The sub-problem is a maximum-minimum optimization problem structure containing nonlinear
variables. It is modeled using dual theory and KKT conditions, and the Big-M method is used to handle nonlinear constraints. A box
type uncertain set is used to describe the uncertain scenarios of wind and solar power output. Based on the optimization results of the
first stage, various worst-case scenarios are determined. The simulation results of three scenarios in the example validate the feasibil-
ity and adaptability of the proposed model and method.
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Fig. 10 Proportions of installed capacities of various power
sources under different carbon trading prices

R T ot . XU R S RIGAR H A
FEAZRGEIFEN L P B B AR R ) PR S
R s . KR SOk AR, IR
IR V5~ag " ANB 2 X R G R & U-eg " ANBf
PEXF A A RS2 IR AP 11 FR .

0 2 4 8 10 12

6
B 11 RFERSEAEHN
on

Fig. 11 Impact of conservatism on comprehensive costs



84 FEITRMEEA

919 %

M TTRTEAR 50RO O ff 2 X
HURDEIR I BSEPR{E S M E 2k, R BrEpe
DAY THACT IR SR BY, RGLRa
AiBEE N BEERSFEEREm, e, XA fr, ot
RIS TR 2, RGERI A E PEREZ R,
FARSTIE Mol I ER S A AR =

5 #it

AR SCAE YR - 7% 1 U R RLR) 04 75 55 T X R
B BRI A E PR T DR - 25 b )
TR b R B B FE AL BRI, DU L K
B KUA L GAR B At R AR AR U5 - 25 o B ) R )
R RIRSE R . B, KT BE IR A ik )
FF IR 8, A1 KKT 45 44 R0 G 38 10 ) R 2k
PEA, 8T R A Rl 25 w0tk FH A R R
A SRR SR i SRR, e KA PR A A b )
TR v P B B 5 O AR A A TR Y e

DISHEA SO0 L) RGN 25 T A
R, ANRIHE ST AL LR AR 4 AN A
[l SZORHEHCR AR, 7R R FHZ M HE A S
RCHESR W B AL S A 5 B A SRS 1Y
AR MLt S AR e Rtk B 52
TR MFER FHAME S HE AN e 0 PR HE SR WS (1) R AL
MG, R T A RRHLLALRE R
PERTEEH ), fHRERELA AR N HREE f5 Ik
HEBCR AR A IGR , fERERENLAS T AR,
LI SR LAHTRETE Ry = (R LAE 454

2) WSS Ty A% FEHEA™ Z2 50 B Ul HE v 43 16 2 G A
(TR R0 XTI I A AR B A Rl HE S v 114
LA S, RS MR T, HREPLA R
AR, SO TG i 1 RGEIN 7 JCRE R4 T 58
B ERE . SR, ARV SO N] A R IR LAY
V- AR PRI T, S W B AR, 2
MR R 2 PR S 2 s, ARG 3R G 1 e HE g
A WA R T RGN T A, IR B
B HE R A AT REVR ML 2 L 2 1 3 R, (il
FEE T AT AR BRI . RN, MR RSt
LA T REPE T AH D I A BB 1 e LA

3) RGEILRST v A R 0 1 45 e T
5, AR RIGAR I Bl s ok s st N, RS
R ASHE PRI fE T2 5. SR, XA FEER
GiLi b AR BTE . ARSI RIS AR R S

BRI S 2T
S 3k

[1]

(2]

(3]

(4]

[5]

[6]

[7]

(8]

[9]

VARLE, Witls, B, 55 g R AR T IR Ay
Tl S IR B AR T T [T, R R AL BL T AR 2R, 2022, 42
(19): 6919 - 6931.

XIN Baoan, CHEN Mei, ZHAO Peng, et al. Research on coal
power reduction path considering power supply safety
constraints under carbon neutrality objective[J]. Proceedings of
the CSEE, 2022, 42(19): 6919 - 6931.

W, 2P, MR DT, A5 B IR IRATREALIE A AT 2 H
FRMERTEIIEA D) ). s AR, 2023, 17(1): 125 - 135,
YANG Shunji, LI Qingsheng, MING Zhiyong, et al. Multi-
objective probabilistic reactive power optimization for distribu-
tion networks considering source-load stochasticity [J].
Southern Power System Technology, 2023, 17(1): 125 - 135.
M, SELIRT, KT, S L) RGN <k R
RIERARARAL S R R A (). Ll R GE A Bk, 2022, 46
(19):1-12.

WEI Hongyi, ZHUO Zhenyu, ZHANG Ning, et al. Carbon
peaking in China’s power system optimization of carbon neutral
transition path and analysis of influencing factors[J]. Automa-
tion of Electric Power Systems, 2022, 46(19): 1 - 12.
FBCE, JDRIR, WhocuE, AL XU B BRI BR AR IR
J1iH B R AT R B (0], BT M AR, 2023, 17(9)
132 - 140.

ZHUO Yingjun, ZHOU Baorong, YAO Wenfeng, et al.
Forecasting of energy and power consumption and load
characteristics in the southern region under the goal of "double
carbon" [J]. Southern Power System Technology, 2023, 17
(9): 132 - 140.

SRR, REHEER . e rh A E bR AR R L ) RGPk
JEE[)]. PERAL AR, 2022, 42(8):2806 - 2819.
ZHANG Zhigang, KANG Chongqing. Challenges and
prospects of building new power systems under carbon neutral-
ity[ J]. Proceedings of the CSEE, 2022, 42(8): 2806 — 2819.
SRR, OOV, ZRUE, AF L TR RO BE AR A 4 3 A
RS/ By R A R 77 1 [, i IR, 2023, 47 (4)
1331 - 1342.

SHI Zhaodi, HUANG Yuehui, LI Pai, et al. Wind/light/stor-
age collaborative optimization planning method considering
deep belief network scenario generation [J]. Power System
Technology, 2023, 47(4): 1331 — 1342.

TR, XUSCEE, TR, . AR A5 KO K B HAT B
RYHLIE LRI LT ], A, 2023, 47(8): 3217 - 3229.
WANG Sixian, LIU Wenxia, WANG Lina, et al. Power sup-
ply planning based on the coordination of capacity price and
wind-fire ratio [J]. Power System Technology, 2023, 47(8) :
3217 - 3229.

XIPLEL , sk, skt 45w B AL e ) RGBT B S i
REHR S MK E Y] | ), 2022, 50(10): 1 - 8.

LIU Yuankun, ZHANG Weijing, ZHANG Yan, et al. Joint
planning method of new energy and energy storage for new
power system[J ]. Smart Power, 2022, 50(10): 1 - 8.

SRS, BORDL, 2200, 45 FETRUZ MR i ek ol 5
BRI A M [T ], A Bk, 2021, 43(6): 17 -19,22.
WU Yuanhao, ZHAO Chenghan, LI Shuo, et al. Joint plan-
ning of solar thermal power station and new energy based on



10

Chig, A T [ BRI PR A O P R DA A Y 85

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

double-layer programming model [J]. Electrical Automation,
2021, 43(6): 17 -19,22.

RE/NIE, WA, B2 SCH] . 25 ] P BRSO R (R RN
SE P I B H o0 5 A A0 A 98 B O v (D). v IR ML AR 2 AR
2023, 43(21): 8260 — 8270.

XIONG Xiaoping, YANG Hui, CAI Yiming. Robust optimal
scheduling method for microgrid considering user endowment
effect and environmental awareness uncertainty [J]. Proceed-
ings of the CSEE, 2023, 43(21): 8260 — 8270.

HOSSEIN H, ZENG B. Security-constrained robust dynamic
power system planning with discrete recourse [J]. Electric
Power Systems Research, 2023, 214 (A) : 108858.1 —
108858.9.

B, XK, AT, S5 5 IR AN M BT R AT A
I D R GRBRETFMEE [T ). PR AL T R4, 2024, 44
(3): 905 -918.

LIAO Wang, LIU Dong, WU Yufeng, et al. Low-carbon
economic dispatching of Power system considering source load
uncertainty and user response behavior [J]. Proceedings of the
CSEE, 2024, 44(3): 905 - 918.

T, BN, BUMEZE, A5 TF R -A AN B0 S TR A R AU
2 Bhr AR BE(T]. D R M A S e,
2023, 35(6): 13 - 21.

QIN Zikai, HUANG Jingjie, ZHOU Renjun, et al. Multi-
objective robust optimal scheduling of virtual power plant
considering source-charge uncertainty [J]. Proceedings of the
CSU-EPSA, 2023, 35(6): 13 - 21.

FTPENSZ, B 5T, BURL, A5 WU H b FR R I (A e
R[] P E AL TARSR, 2023, 43(5): 1663 - 1672.
SHU Yinbiao, ZHAO Yong, ZHAO Liang, et al. Low-carbon
transformation path of china’s energy and electricity under the
"two-carbon" goal [J]. Proceedings of the CSEE, 2023, 43
(5): 1663 - 1672.

JHZEAR, BB, B, 55 AR L B DR — AR I &R
GEENEARRHE [T ], T E LT R4, 2018, 38(7): 1893 -
1904,2205.

ZHOU Xiaoxin, CHEN Shuyong, LU Zongxiang,
Technical characteristics of new generation electric power

et al.

system in energy transition [J]. Proceedings of the CSEE,
2018, 38(7):1893 — 1904,2205.

BB, TR, Mtk . AR RRISC A T e [l B PR S FA 1Y
SN RECRTTE [T, AR, 2014, 38(4): 974 - 979.
ZHAO Xingang, FENG Tiantian, YANG Yisheng. Study on
influence mechanism and effect of renewable energy quota
system on Chinese power supply structure [J]. Power System
Technology, 2014, 38(4): 974 — 979.

WRIEL, fATHKZE , i Al . 1T 1) Bk 2 Dk o 194 B 1o B TN 1
SR ] BT LR AR 2024, 18(1): 153 - 162.
CHEN Zheng, HE Gengsheng, SHANG Nan. Improved
calculation method of grid carbon emission factor toward
carbon peak and carbon neutral [J]. Southern Power System
Technology, 2024, 18(1): 153 - 162.

IR, R, VR, SF L B IEOGIRANE S PRI AR S Y
I A B RRE Ak b IR O AL IC 7R [T ] w7 HL AR, 2023,
17(4): 132 - 143.

YE Linhao, SHEN Zhan, XU Feng, et al. A distributionally
robust

photovoltaic-storage cooperative optimal allocation

[19]

[20]

[21]

[22]

[23]

[24]

[25]

method considering photovoltaic uncertainty and timing correla-
tion [J]. Southern Power System Technology, 2023, 17(4) :
132 - 143.

XIGERH, XU, 250508, . 5 IR IR A% AN 2 1 A 2 e
TR GERENLAE U 2 (1], B A AR, 2024, 18(6)
36 - 42.

LIU Junlei, LIU Xinmiao, LOU Yuanyuan, et al. A novel
system  stochastic simulation method

power production

considering source-load-storage uncertainty [J]. Southern
Power System Technology, 2024, 18(6): 36 — 42.

2R, AR, fIKRE, 25 T BRSO A R R 5 R
LM SRR R 1], (5 B S AR, 2023,
21(1): 62 - 70.

LI Qiuhang, LI Huagiang, HE Yongxiang, et al. Collaborative
expansion planning of transmission grid and wind power split-
ter rod considering carbon emission cost[J]. Power Information
and Communication Technology, 2023, 21(1): 62 - 70.
P AR 2%, BRIEE 55 5 B AURE T TS EA
AL DR E S B [0 ], R AL, 2025,61(5) 2179 - 188.
YAN lJiali, REN Bixing, CHEN Siyuan, et al. Direct predication
of wind power ramp considering the cause of tropical cyclone
ramping downhill [J].High Voltage Apparatus, 2025, 61 (5) :
179 - 188.

ZE0i, I, BRI, AF . BE T SRR RY 2 I ) N2 R RE TR
AGACAP T[T ], i T7 B AR, 2024, 18(9): 117 -
125,137.

LI Qiang, WANG Xuan, JU Cheng, et al. A multi-timescale
integrated energy system optimal dispatch model based on
generalized energy storage [J]. Southern Power System
Technology, 2024, 18(9): 117 - 125,137.

ZENG B, ZHAO L. Solving two-stage robust optimization
problems using a column-and-constraint generation method [ J].
Operations Research Letters, 2013, 41(5): 457 - 461.

RAHE, TR, . 25 IR A A AR AN S T
LRI B R 8 2 B B R O A R AR Ak 9 B2 (T, AR T,
2023, 40(3): 363 - 371.

ZHAO Fei, HU Chengping, SHI Yunhui. Low carbon schedul-
ing considering uncertainty of carbon capture and wind power
output and multi-stagerobust optimization of electric heating
combined system [J]. Modern Electric Power, 2023, 40(3) :
363 - 371.

ezl P10, Tz, 55 . b DX A bR R o (7 BRI
A BERERLII SRS [ ], M LR, 2023, 17(4): 167 - 178.
LIANG Angqi, JIANG Yibo, DING Yifeng, et al. Energy sup-
ply planning strategy for the utilization of low-grade heat
source in park electric-heat energy [J]. Southern Power System
Technology , 2023, 17(4): 167 - 178.

Yim HER: 2024-01-25; MI4%E % HEA:2024-07-02
E&E RN

Li5(1983), B, A ITAN, Mt, RHF@AFRERE R

#H AR, manan@sz. csg. cn;

X E4H(1988), B, SR IR, ML, HFRT @A

M. XEFRLHEHEAK, 1gw07@qq. com;

XAR(1965), F, @A4EH, ik, B+, AT EAEN

AYAR T 5424, wujiekang@163. com,



