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Capacity and dispatch optimization of thermal power units and energy
storage systems under wind power fluctuations and carbon tax
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Abstract: To address the new challenge of wind power installed capacity growth on the peak shaving capability of thermal
power units under carbon peak and carbon neutrality targets, a robust optimization capacity configuration and economic
dispatch model for thermal power units and energy storage is proposed. This model considers the wind power output
volatility and carbon tax, and optimizes the energy storage system capacity and charging and discharging strategies for
thermal power units by establishing a discrete set of uncertain scenarios in the annual time scale of wind power. Using
the column-and-constraint generation (C&.CG) algorithm, the model is transformed into a main problem for optimizing
energy storage capacity and a sub problem for optimizing scheduling strategies. and is solved through alternating
iterations. Based on the optimization results of different wind power proportions and robustness levels, the simulation is
conducted using historical wind power data throughout the year to analyse the costs and benefits. It is recommended that
thermal power plants should be equipped with energy storage systems equivalent to 19% of their thermal power unit
capacity. The configuration can achieve up to 85.5% conventional peak shaving capability and promote low-carbon
economic operation of thermal power units, while ensuring the economic viability of the energy storage investment.

Keywords: wind power output volatility; carbon tax; deep peak shaving; robust optimization
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Fig.1 Structure of energy supply and demand
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Table 1 Relevant parameters of the thermal power unit
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Table 2 Relevant cost price of the thermal power unit
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Table 3 Relevant parameters of energy storage system
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Table 4 Solution results in worst scenario
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Fig.4 Different energy output power

1.0

08 |

04

0.2

QQ

@ QQ @ b@ @ QQ QQ QQ QQ @ @ QQ QQ

QT T NS

Fig. 5

B i)
Bl 5 g SOC IR

Pl S B R

R N R R Rl

SOC of the energy storage

AE R G F|
£ i fay 1 T R R SOC R

it B 22 5 1l By A R AL 2 8 05 1YY SRR W s 7 XL R AR 0 ok
ol L e, ) 70 A AV R 77 B I o 6 JXURRL Bt B S L B R £
o v WA IS R P R o 30 R T 2 R L 2 B B A R AE R
LI g W&ﬁ%ﬁ”r‘ﬂm G A IN=% N NTITE -3
RIS, WA RGN SOC K al 4E +E 7E 4
90 Y6 B4 AL 2 7K, 8 % Y EL R A B D LIRS
3.3 XttEs iR

FEF B 0. 15 RUHL & HL Ry b O AS TR AR KT 0. 7,
0.8.0. 9 NE BRI RE S &, A5 R H 2023 & 4F
Elia JAUHL 7 52 850908 , 43 90 FF J&& 55 90 5 B 5 A A0 fk 55 31
FET 10 F1 113. 98 MW [ fiff 58 45 &, 48 F+ KU HL & [0 3
0.2, TP R M AR ZBF5T . R 5 WEAFEES &
AR R R B WL T R G B A & . Bl
FEAMG KT, B R AR 8 T T 2R G 0 KU
LB RE A I R AR R 3G N . FEXUER 5 EEER S 0. 15 1Y
Vs e AR O R L R RE A R e /D . T BB RE R
GiTE AR R RN 22 RS H 33847 WA B . LI 04 R
KL FRCRE . R, JOR P B R g T3 45 L 12 47
AR, NBEF KL AR EE. L. rins
A0 AL ASE 70 B8 5 B A b oA ok F B 4 T A BE A & 6 L
ﬂﬁaﬁkfﬁm B 38 8l S B kR HIL 41 B0 A8 B 22 B A AR

BEAT .

2023 4FE R GE H Bz 5 pUAS B AIK L TR] B 5 R0 9 0 2R 45
FIPETE . IR A TG RE S R R A BT T
R, 30 ot 4 o A K T 8 I B 2 A, T A3 5 K L AL
A1 it B 28 5 0 I I A 0 5 A 300 X IR R S Ay e R 06 T R
%%E@%&ﬂﬁiﬁ%ﬁkﬁﬁ*ﬂéﬂf“f*iﬂmﬂé’wmk oA T
MAE W, LR E RGBT, R, HFHEES N
Eﬁ.%ﬁﬁ’ﬁJJH,ﬁﬁ‘ﬁ%ffiixﬁﬁalﬁljﬂ#%/l\ﬁ%%%%JXLEE,
Y B AL AR 0 it 58 7 1, B AIG A BE 1 R 3R, 5 BUAK AR
B AS IR IR R . R, AR i A TG B AL 2
HEAT ST A0 M7« 16 48 150 25 55 I 06 B 7 R 3kt ¢ VR YR 9% 22 ()
B P45 5 IR AR B SR RE B BRI, A&
Ik B 45 % T B 1AL L DA T S5 B T B AR A5k 25 R I 0 g

Hh BB O T



20244 | | B
438 B ||

X E H AR .

RITHEINA4 RE 75 1 5 0 if AR K B DL AL IR g R B iz
FTRAZ B R, IRE 2T N ERE AR R, £6
HE AR I O ke . TR L(EGFE 07T E 0.8,
JRUHL & HL B 0. 15) B RIS I 25 £ 40 K 103. 98 MW « h, 17if 7
T 2CE(5E 0.8 B2 0.9, KU & ML & 1L 0. 15) fi# fig 18
TnZs g 527.17 MWeh 1B 5 1 09 H 28 AR Hh 1% 5 2
2 4 742.5 JC, 29 79. 780 . TEBIC TR REREAR A4S Jr I,
T 1 25 2 1 9 % RIS 5L 1 b g e 3% i 25 = 1%
ZoUE MR AR AT . 38 5 B 0 AR AR BE T A AR Y
FOAE CRAR S 4E BR ) L m & BRA% 37 1 i fig BAR [l i 4 BR
26. 31 4F A T 5% 2 A 239. 82 4F, £ R0, B5 ¥
0. 8 XHL L 0. 15 5,600 MW K HELHLAH AL & 113. 98 MW +h
fEfe AR APH AR 19% X — e B 5444 4w A
HEREBR, RIS nAL LA REE T A kLA %R
PRI 2R G0 W R I UG SR T K 44 85. 5 %6 . it it SR Rk R FH &R B
H0.065 18, SV fif B S ROR FH 22 B0 A 0 0148 9% Iml i
W R A X H AR R R e ) AT A B B ok
FL AL 2 R D 37 S 1 38400, i B8 1) ) SR SR AR T 3R
AR [T

KL HLEE fifs il 8 W 2R G5 B R A f B LR 2023 4R

g 9 D&

Elia XU 7 S0 50805 20 S B & 10 #0113, 98 MW «h (1) i g
A e KU & HE 0. 2, JF R T I 2R 45 1 & B A 4k
B XA G R TR 0.2 I, 113. 98 MW« h f# fig 4 4
1 S5 R0OR) R B0, 15 RUH d HR B I 38 380 0. 056 76,38
W20 87.08%, %5 0.2 K 5T 113.98 MW-+h
fits B 7 o (0 52000 T R BOHA L 0. 15 JRUHL | U 04 i 2%
TSR B 0K R R N 0. 056 76,4 87.08% . % 6
FHETE B 3 S E R TERUE B 1L 0. 2 FARREZAS I 10 MW +h
W 113.98 MW eh (I AR HLAG 5t 2, T XUR A HL o
FLm 42, 18 5 3 P g AR AR Y Il A BR L 45 & 13,9
AP, DN S35 T RURR, LY 4] 352 T i Wb 35 400 6 it B AL [l Wi 4
PR 3fE — 25 IE 52 T 0T 4 2 1) 0 B 2% o TiC 1 5 3
P AN R A Al B H ML A e A R 1) 2 R 2
BTGB . 26 R IR 25, XL ) kB U Bl e /N e fif fig T LA
2% L& LI 5% (0 7 sUIRBUSR A 25 o % fi B AR [ g st i) 38 45
HE— B AR . T XA ok KU R B ASE G R i, R T
SR ON ol == 0K 4= A WD e W S = RN i
AR 0B Y R O AL R, B AR S kR BL A R
HLA T M 0B e A L DL G AR B R ) R B R
HL RS B s T Ol Y R e LR, b ok H ML AL B TR R R
WA RS RGBT AT

x5 M ABRNARERFHEEER
Table 5 Cost factors of the ESTPPR in a year
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ko6 EHABHEWRNNE
Table 6 Benefits brought by incremental energy storage capacity
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4 ® B F [l UR— AN F- IR, 32 R] R DL RE A5 kORI H &R S0 £

Bt/ H bR AL RERE A & . )AL LA BE K HL BIL 4L 3

ARSCHR H — 5 1 XUAL 1 7 B Sk S R BAS B9 kU R GEE A AR fee /N O H AR AR KR LA A R ) R Al

HLBILL i RE 2R 48 5 M D0 A0 7 B T 15 22 U 0 B Y L g ik
SIS UE BT A B IR A58
DASCHIT C&CG F7 1k R J5L ] 845 43 S — 4

Hh B O T

[ i N A R T
2038 5 3 M D7 S ROl KA T TS R AN A E A S
B SRS RPN EAR BRI BB A S e R .

HAARFMEEAR — 15 —



Big 5 B &

2B fifk pke 32 1) L [ R, 9 AS DB B 7 I % 45 S o, SE R
Tk LA it R I e G T 2 e I R 2R R

3 AR SGE T 1 B AN R B AF KT AR R R L L
el 2 4145 5, 308 ] 2023 4F 447 1 KB 7 o B 1k
05 B W E A HT . S5 SR I I G001 b DX XUER T ok E AL
AEREHIE R AR E DX IAFRNEERS. EFE
B A AU % i Bk 58 e of i R 04 T SR, T S A
85. 506 B H ML IR 2

AR T O fif XL R AT B ) ROBE I M T 0 Bl ok 19 i
R 25 12t C 2 R M ) 0, RS 18 5 R T R R H AL A i R
VG RGBT L. T BRI A R R I B T 28 B 9% 7E AR IE
it REAR FE AL 25 A [R) A o Xof XU P A B (] RUBE 1= 19 1 0 0 3
Ul kR L R T R D A R T B A aE AT RAS , SR
KR AR IR 2 B AT .

& % x o

(1] BBk ARma . % & P2TIH A1 4 38 Jih 75 >R i 157 14
GhueR AR A E ] B i 70 & 5 R,
2023,42(12) .77-85.
YAN R W, LIN L CH. Optimal dispatch of
integrated energy system considering P2ZHH and two-
dimensional incentive demand response[ ]J]. Foreign
Electronic Measurement Technology, 2023,42(12):
77-85.

(2] Wi ABaESE , 2 AR B, 55, 5 AT b DG IR B2 1Y Dol
FUR R S R U BIE 5 LT DL A A 3R % 4R, 2023,
44(4) .72-81.

CHEN J, ZHENG CH D, LI G M, et al. Research
on power consumption anomaly identification of

industrial users considering industry relevance [ J].

Chinese Journal of Scientific Instrument, 2023,
44(4) .72-81.

[3] &R, NE:ME, Rear, &5, KR WM AOER RE M

DAL B 5 fg = 8 B AT 58 [T ). A g 7 4 50K
2023,42(10) :106-112.
HUANG CH R, LIU G X, GEY H, et al. Research
on optimal configuration and energy scheduling of
photovoltaic system for water quality monitor [ ] ].
Foreign Electronic Measurement Technology, 2023,
42(10) :106-112.

(4] WHIEREE, HE S ST 2RI A ISSA-
LSTM Ity &7 93 v Jy G 35000 [/ OL . oy 7 1 B R
1-7[2024-11-29].

ZENG ] H, SU ZH Y, XIAO F, et al. Short-term

power load forecasting based on empirical modal

decomposition and ISSA-LSTM [ J/OL J.

Electronic

— 16 — [EABRTFMEEAR

(5]

[6]

7]

(8]

[9]

(10]

[11]

2024 || B
438 B ||

Measurement Technology , 1-7[2024-11-29].

TR TR A 5 AR Bl PO TR ) AR AE BB
MU AL A AL BT 58 [T ). e I 4 45 A% % % 4k, 2019,
33(8):101-107.

XU T, ZHANG H F, YAN H, et al. Research on
stochastic optimization model of energy management
for data center microgrids[J]. Journal of Electronic
Measurement and Instrumentation, 2019, 33 (8):
101-107.

YANG L, ZHANG L., WANG Y. et al. Integrated
energy scheduling using wind-storage cascade control
strategy in dynamic peak regulation right[J]. Electric
Power Systems Research, 2022, 212: 108644,

LIC. YAO Y, ZHAO C, et al. Multi-objective day-
ahead scheduling of power market integrated with
wind power producers considering heat and electricity
trading and demand response programs[]]. IEEE
Access, 2019, 7. 181213-181228.

LGHE. AT H O REES S WHERRE S i
WF5EL) ] #2023, 42(10) :1-8.

MO H Y. Capacity optimization of energy storage
system based on high proportion of new energy[]].
Electrotechnical Application, 2023,42(10):1-8.
e EWT AR A SF . 8 KO TR I I Y KOG
JAEFR G o R A TR A AL LT W <5 R R R
2023,35(6):74-81.

LI X W, WANG X, XU J H. et al. A hierarchical

optimal scheduling model of wind-photovoltaic-
thermal-energy storage system considering deep peak
shaving of thermal power[]J]. Petroleum and New
Energy, 2023,35(6) :74-81.

BUBZE 2. B T IR OB A B £ e HAD R IR
i KOG it 25 B LA T B BF S L], K 0 K L, 2024,
50(9): 74-81.

LAO CH H. LI G. Research on optimal allocation of
wind-photovoltaic-battery storage capacity of multi-
energy complementary energy base based on existing
thermal power capacity [J]. Water Power, 2024,
50(9): 74-81.

ik, & T W, 808, % A TEEAHM NG RE
e 2 RO AL e B 0] s T R 34, 2022,37(23)
5901-5910.
LU Q Y, MA Q L, WEI W, et al. Optimal
configuration of energy storage parameters based on

confidence capacity of wind farms[J]. Transactions of

Hh BB O T



2024 || B

$435 H ||

[12]

(13]

[14]

[16]

[17]

H

China
5901-5910.

Bewe g, F T4 BRER. T XUZ TR0 A HLAH 25 o
FRNLT]. I PE e 47,2023(3) :35-38.

DUAN X Y, YU D AN, KANG Y. Capacity

Electrotechnical Society, 2022, 37 (23):

planning of thermal power units based on double-layer
optimization[ J ]. SHANXI Electric Power, 2023(3) :
35-38.

YANG X, NIU D, SUN L, et al. Participation of
electric vehicles in auxiliary service market to promote
renewable energy power consumption: Case study on
deep peak load regulation of auxiliary thermal power
by electric vehicles [ J .
Engineering, 2021, 9(9) . 1465-1476.

S, BRI RRE Ay S 5L AL 25 A RE A i Y LDt k-
TN R R AR ET] B Rk S
Pl ,2023,51(15) :66-75.

WU X, HE M K, HE W W, et al. Optimal capacity of

Energy Science &

a wind-solar-thermo-storage-bundled power transmission
system considering battery life [ J]. Power System
Protection and Control,2023,51(15) :66-75.

W2 SRR, T B 4 H Y B 3R 4 5 XU/ K
PP ORI BELT . A8 Tolk K324 CH AR 10
2019,42(3):409-414.

PAN J. WU H B. Coordinated optimal dispatching of
reserve with wind

of HEFEI

electric vehicles for spinning

thermal power system [ J ]. Journal
University of Technology (Natural Science). 2019,
42(3) :409-414.

R WRIE RS, 220 50, AL B RIR 2S5 I AL A LR T
TR Z 5 W B B M A ARk 22 U R BE (). Wy ik
2024, 45(6): 58-69.

LI X, CHEN Y ZH, LT H W, et al. Two-stage
robust optimization of low-carbon economic dispatch

for electricity-thermal integrated

trade [ ] ].
Construction, 2024, 45(6): 58-69.
HRERE VR BB AR LD, A5, 3 BOB IR R 1 £ X
WHEARBERE LY s g m I WEELT] X
BE24 4, 2024, 45(3) :460-469.

ZHENG SH CH, XU H, LANG J H, et al.

energy system

considering carbon Electric Power

Multi-
scenario distributed robust optimal scheduling of multi-
area integrated energy systems considering photovoltaic
uncertainty [ J ].  Acta Energiae Solaris Sinica, 2024,
45(3) :460-469.

Hh B O T

[18]

[19]

(20]

(21]

[22]

(23]

[24]

g 9 D&

MA Y, XU W, YANG H, et al. Two-stage stochastic

robust optimization model of microgrid day-ahead

dispatching considering controllable air conditioning
load[J].
Energy Systems. 2022, 141; 108174,
AL B BRR , AE. T B S B S B E M S
Huh R g L Bc BT [T]. o Rg Ak,
2021,45(20) :49-58.

SHI J] K, BAO Y,

International Journal of Electrical Power &

CHEN ZH. et al. Robust
optimization configuration method of energy storage
considering charging load

for charging stations

uncertainty [ J J.  Automation of Electric Power
Systems, 2021,45(20) :49-58.

PARVAR S. NAZARIPOUYA H. Optimal operation of
battery energy storage under uncertainty using data-
driven distributionally robust optimization[ J]. Electric
Power Systems Research. 2022, 211: 108180.

XIEERS , ZE 5 25 IR, 25 31 Son] HE AR RE R A 10
W HUE A RE A B LI E [J/OL ], i B AR,
1-10[2024-04-197].

LIUJ L, QING B Y, CAI Q C, et al. Capacity
planning of energy storage for urban rail transit
systems considering renewable energy integration[ ] ].
Power System Technology, 1-10[2024-04-19].

LIJ, XIAO Y, LU S. Optimal configuration of multi
microgrid electric hydrogen hybrid energy storage
capacity based on distributed robustness[ J]. Journal
of Energy Storage, 2024, 76. 109762.

TRAE ORHTOR . R . FIR S EAME R
HRERGH S 5 &P 00 & 5 I01L
BTy T AR % ,2023,38(3):793-805.
XU X CH, MI Z Q, ZHAN Z W, et al. A robust
optimization model for electric vehicle aggregator
and frequency regulation

participation in energy

markets considering multiple uncertainties [ J J.
Transactions of China Electrotechnical Society, 2023,
38(3):793-805.

Rt O 30 I N o DA R RS -
W ¥ 43 J2 O Ak IR BE LT ). "L M R, 2019, 43 (11)
3961-3970.

LI1J H, ZHANG J H, MU G, et al. Hierarchical
optimization scheduling of deep peak shaving for
energy-storage auxiliary thermal power generating
units[ J]. Power System Technology, 2019, 43(11):

3961-3970.

HAARFMEEAR  — 17 —



Big 5 B &

£ & @& it

ARSCA A FE WY R AR ) R GE L RETR B
156 8 BE L PR AL B AT
E-mail: shaowencai@nusit. edu. cn

FOCR L, S TR, EEPR A F R
H.V2G,
E-mail: wangguangxing(@longshine. com

&R GEAFAEED B WF50 51, W A 0, 2 20T

— 18 — [EHABRTMEEAR

2024F || B

435 F || B s

X7 10] g E ) R GE AR A IR B B AT L BE R HL I A L F )
Hig.
E-mail: yanxing@tsinghua. edu. cn

AETR IS, WA, ST T ) O v R 3B 4T L 40 A X
k.
E-mail: huahanxiao@nuist. edu. cn

FlEN (RS HI U7 e = Sl L Do L W [ o = 4 )
M AIE AT .

E-mail: fanyiwei@nuist. edu. cn

Hh BB O T



