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Research on combined unit commitment of wind power-hydro power-thermal
power for the power system with pumped hydro storage
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Abstract: For the power system with pumped hydro storage and wind power, and based on the probability distribution
characteristics of wind power, and combining the difference of operation characteristics between thermal power units and
pumped hydro storage units, a new cooperation method between pumped hydro storage and wind power is presented. The
core is to distinguish the role of thermal power units and pumped hydro storage units in the process of coping with the
uncertainty of wind power. To save the limited regulatory resources of pumped hydro storage and improve the thermal
power units reserve response effectiveness, the cooperation between the pumped hydro storage and wind power is used to
deal with the wind power prediction error which the probability is small and the amplitude is large, and the conventional
wind power fluctuation is still dealt by thermal power units. On the basis of above, the cooperation between pumped
hydro storage and wind power is integrated into unit commitment, and a combined unit commitment model of wind
power-hydro power-thermal power is built. The 26-node system is used to verify the effectiveness in the reduction of
thermal power units’ frequent startup and shutdown and the improvement of wind power accommodation.
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Fig. 1 Cooperation between pumped hydro

storage and wind power
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Table 1 Technical parameter of thermal power units

RRE M BONFRL EeMERL

i

WRMW /MW I E)/h I [/h
1 660 300 6 8
2 1000 500 8 8
3 600 300 6 8
4 600 300 6 8
5 110 20 3 4
6 110 20 3 4
7 300 120 3 4

%2 KBHEMESH
Table 2 Cost parameter of thermal power units

FEAR IR AR AR B T

ity (USD/MW?h) (USD/MWh) (USD/h) USD s
1 0.0023 22.44 1200 30 000 4
2 0.0005 20.79 1000 50 000 25
3 0.0012 20.98 950 30 000 9
4 0.0023 24.72 840 30 000 21
5 0.0025 22.54 250 3000 21
6 0.0025 22.54 250 3000 21
7 0.0021 22.7 700 8000 1

R B P4 ik AR 3 S B s, (D) R P T 2
ik B AN B T E a2 Bk, KL
B N HL R 3 R A 8.

PR E GEE A BN AT AT 25, Kk
HL AR K Sh &80 300 MW, /N R HL I %4
120 MW, s/MliZKZZ R 200 MW, & HL AT ZK
I (R3S 35 7K B/ e B 5 2R 000 590 250 m* /MW,
160 m* /MWh. /K KEZR N 1.949x10° m?,
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Table 3 Unit commitment scheme without

pumped hydro storage

W kTR W BlLeHg s

1 2 4 6 7 1 2 4 6 7
1 1 1 0 1 1 13 1 1.1 0 1
2 1 1 0 1 1 14 1 1. 1 0 1
3 1 1 0 1 1 15 1 1.1 0 1
4 1 1 0 1 1 16 1 1. 1 0 1
5 1 1 0 1 1 17 1 1. 1 0 1
6 1 1 0 1 1 18 1 1. 1 0 1
7 1 1 0 1 1 19 1 1 1 0 1
8 1 1 1 0 1 20 1 1 1 0 1
9 1 1 1 0 1 21 1 1.1 0 1
10 1 1 1 0 1 22 1 1 0 0 1
11 1 1 1 0 1 23 1 1 0 0 1
12 1 1 1 0 1 24 1 1 0 0 1

KA IS AT A 1035 720 USD.  fEH
TN B Z N ENAL S5 R4, T2 —
BREENAZS 5 EE, P4 4.

X5 7K BE IR DL, A A SO B L o
AR, TET R A NA TR 22 3 5 KA EALA A
Z4T, BIMLAL 1. ML4l 2. HL4l 4. b3k 3 a4
AT RIER 4 fios.

KM RIEAT A 1019 920 USD, A
Teth /K& BER G DL RIS AT U PR T 1.53%. 7K
B RELEWT TR I N TN s AT B an i 3 i

* 4 AWK EREMN AR TR

Table 4 Unit commitment scheme with pumped hydro storage

B WdigS B Wdigs

1 2 4 1 2 4
1 1 1 1 13 1 1 1
2 1 1 1 14 1 1 1
3 1 1 1 15 1 1 1
4 1 1 1 16 1 1 1
5 1 1 1 17 1 1 1
6 1 1 1 18 1 1 1
7 1 1 1 19 1 1 1
8 1 1 1 20 1 1 1
9 1 1 1 21 1 1 1
10 1 1 1 22 1 1 1
11 1 1 1 23 1 1 0
12 1 1 1 24 1 1 0
250

200+
150+

100+

i
0/ N .
o ||
] 7100I

LIRS

-150
-200
250"

K3

i Ee/h

B 3 HKERESITIER
Fig. 3 Operation of pumped storage
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Fig. 4 Comparison of reserve for thermal power units
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Table 5 Comparison of different wind power penetration rate

i BR L PSS Z NEIH
BRBIBER AR E BE G AR SR
29.2% 1035 720 1019 920
32% 1016 300 999 108
34% 1000 030 984 729
36% 979 493 969 983
38% 965 118 955 477
40% To R AT 941 028
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