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Fig.1 Typical daily load and new energy output

curves of a provincial power grid
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Optimal solutions of single-objective optimization and multi-objective optimization
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built pumped storage unit and system annual revenue

3) 24 LUAF B8 HE R e KA H AR #EA T 5 A ARG
PRIy AT K ALZH AT RIS B = AR RE |
7K & BEHLA 25 4 4351 4 70000 MW +h . 2000 MW,
PR B e RAR o 32 R A K H ML TR 3 ] e 2 il B
37 25 FEL AR IRE 1 T T 5 50t 1 £ 484 o, b oK 75
S A EARRE T LA R B USRI A5

4) [ LUAEF R e/ M B R EAT 50 H Ap
DA, BT A5 0 T B 24k 3] B FRAA, Iy RGE Y57
WS/ o
4.3 ETRHBUEYE NSCA- T RS

T B R AR SO TR AL 2 tE NSGA- T i It
e ATFLA B A L 2025 AF 9 U S SR L 4t
NSGA- I 58k NSGA- I 47 £ H AR 624, 45
HOLE 4, 2 B 5 Y Pareto B A8 A 5 UL B 5 D

150 W HE NSGA-TI
ﬁ 100
=
2 50 fE4E NSGA - 11
%

(=]

10 20 30 40 50
BARUCEL
B4 fE5NSGA- Il 553 NSGA- Il Bik R4 Raftt
Fig.4 Comparison of iteration process between
traditional NSGA-1 and improved NSGA- I

E D2,
M 4 FE D2 7T LAE H OBtk NSGA- T %48

8 Y BV AT e S e A A, A% 48 NSGA- I 75 Bk
1R25 WA BEWS BB e it , PRI Ay 3k B S5t 1) e A
FEROE — 20y, DLW NSGA- I REIN PR T 1k 1Y
W SGHEE 4 B THRRCE ; @515 58 NSGA- T A LE
M itE NSGA- 11 1Y Pareto i {0 i 52 40 A1 B4 v, Ui B
SR it £ A A5 B 0

K el NSGA- 1T FiokiFHE AL R ik T 2 H
PRAEAL LA L , Pareto B AL A 4R 4n B 55 D &1 D3 Jilr
N AN 2 s o RTLAA 20t NSGA- 1 1Y
Pareto S AR5 /34 BEAE i, B etk NSGA- T 1947
RO 5 Sk NSGA- T AL R FREDE AR 533 B
AT S8 P AR IS A L (H R el s T I, EL
F MG W 5 25 5 ELESGHE NSGA- T 455l
JE T R, e DA RACE NSGA- I AT A58 S s

F2 B NSGA- Il iy FRM U EXRBRMLE

Table 2 Optimal solutions obtained by improved

NSGA-1I and particle swarm optimization algorithm
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Table 3 Optimal solutions of single-objective optimization and multi-objective optimization for forward level year
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Coordinated planning of thermal generator deep peak regulation and composite energy
storage considering carbon emission reduction and new energy consumption
ZHU Jianyu',PAN Xueping',WANG Zhengfeng’, WANG Jiwen’,SUN Xiaorong',SHI Wen', QIN Jinghui'
(1. College of Energy and Electrical Engineering, Hohai University,Nanjing 211100, China;
2. State Grid Anhui Electric Power Co.,Ltd.,Hefei 230061, China)

Abstract: Thermal generator deep peak regulation, chemical energy storage and pumped storage are impor-
tant components of the flexibility resources in power grid. The coordinated planning of these three flexibility
resources can ensure the safe and low-carbon operation of power grid and improve the acceplance capacity
of new energy. From three aspects of economy,carbon emission reduction and wind and photovoltaic curtail-
ment,a multi-objective coordinated planning model of thermal generator deep peak regulation and composite
energy storage is constructed. An improved non-dominated sorting genetic algorithm- Il (NSGA-1I ) based on
entropy weight is proposed to solve the multi-objective planning model. The Pareto optimal solution set is
obtained, and the comprehensive optimal solution is obtained according to fuzzy membership degree. Taking
the predicted data of a provincial power grid in 2025 and 2030 as the example, the simulative results
show that the improved NSGA-II can improve the solving speed and accuracy of the multi-objective optimi-
zation. The coordination of thermal generator deep peak regulation and composite energy storage configura-
tion can significantly reduce the wind and photovoltaic curtailment rate, which is conducive to low-carbon
and economic operation of power system.

Key words: thermal generators; deep peak regulation; composite energy storage; carbon emission reduction;

new energy consumption;multi-objective optimization ;coordinated planning;improved NSGA- II
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Table A1  Coal consumption of power supply under different load rate with different types of generators

PRI/ [ (kW -h)']

B2 HE/MW
i 4 100% Budr 0 75% Budar 2 50% Bifi 229 40%
300MW I Iff 5 350 304.32 309.74 323.34 330.60
600MW i1l 7 630 292.69 296.41 305.66 310.80
600MW it I 5 660 286.48 292.65 306.27 313.73
1000MW I 5t 1000 176.93 279.71 292.28 300.22
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Table D1 Parameters of peak regulating equipment

UGB B HfH B 0 fE
ku 6 J3 76/ MW e 0.9
Fennt 600 J3 76/ MW Eti,min 0.1Fen
Eir
mu 30 4 Evmax 0.9Een
{7k 0.85 Een 8Pu
v 0.04 4 95%
kes 150 J376/(MW-h) Emin 0.1E¢
b2 A fE
ns 4500 Es,max 0~9Ees
A 95% P 0.5 Ees
ke 0.3kg/(kW-h) ka 0.4 JC/(kW-h)
kat 0.035kg/(kW-h) ke 0.386 75/(kW-h)
K EALEH -
kar 0.020kg/(kW-h) ka 1 76/(kW-h)
kua 0.7 75/(kW+h) a 365
#D2 HEEH
Table D2 Time-of-use electricity price
I B B/ Ge/(kW-h))
K% 00:00—08:00, 23:00—24:00 0.4536
B 08:00—09:00, 12:00—17:00, 22:00—23:00 0.7303
e e 09:00—12:00, 17:00—22:00 1.088
SRR .
14 —
B
122 A Skl
§ 10
=
R 8
el
2 e
= 4
A
o * AR

= 20 25 1145
B &/l 20 A

D1 2025 &£ % BfrtEM XA Pareto SLIRE

Fig.D1 Pareto optimal solution set under multi-objective coordinated planning for year 2025
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Fig.D3 Pareto frontier of improved NSGA- Il and particle swarm optimization algorithm
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