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Drawing of Hydro-PV complementary cascade energy storage
dispatching diagram in Wujiang River Basin

GAO Ying', SU Huaying”, YU Jie', DING Ziyu’, QIN Jisen’, TAN Qiaofeng’
(1. Remote Ceniralized Conirol Center of Hydropower Station, Guizhou Wujiang Hydropower
Development Co. , Lid. , Guiyang 550002, China;
2. Electric Power Dispatch and Control Center Guizhou Power Grid Co. , Lid. , Guiyang 550002, China;
3. College of Water Conservancy and Hydropower Engineering, Hohai University, Nanjing 210098, China)

Abstract: In order to adapt to the new requirements of large-scale photovoltaic output connected to the Wujiang River Basin and jointed
dispatching and bundled transmission with cascade hydropower stations, the staged generation strategy of cascaded hydropower stations
under the Hydro-PV complementary mode was proposed based on the actual energy storage control mode of the basin, and the
reasonable range of energy storage at the beginning of the flood season and the end of the year was determined, so as to draw the Hydro-
PV complementary cascade energy storage dispatching diagram to guide the medium and long-term Hydro-PV complementary
dispatching. The case verification results show that, compared with the actual power generation of cascade hydropower stations in the
basin, the Hydro-PV complementary cascade energy storage dispatching diagram can increase the system power generation by 70 million
to 210 million kW - h. The drawing of Hydro-PV complementary cascade energy storage dispatching diagram is simple and reasonable,
and the optimal dispatching results are in line with the reality, which can be used for the medium and long-term Hydro-PV
complementary optimal dispatching in the Wujiang River Basin.

Key words: energy storage dispatching diagram; cascade reservoir operation; Hydro-PV complementary operation; Wujiang River
Basin
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Table 1 Main constraints of cascade hydropower stations in Wujiang River Basin

K FL 3 B ke =vj KRR/ (m/s) IKALZI R/ m RAENF/ A m?

R MW ok o ok o ok o
SR 600 490.5 14.4 1140.0 1076.0 45.0 11.4
R 695 632.1 77.0 970.0 936.0 8.6 3.7
EIRE 600 994.5 77.0 837.0 822.0 1.7 1.0
BT 9% 1280 1228.5 112.0 760.0 720.0 21.4 7.8
T4 iz e 3000 1909.2 190.0 630.0 590.0 55.6 26.6
Bk 1050 1805.6 193.0 440.0 431.0 12.1 8.9
o 1120 1965.6 228.0 365.0 353.5 7.7 4.8
KAEIK 200 169.0 7.6 868.0 845.0 2.5 1.2

A% AT 150 202.8 8.2 719.0 709.0 0.7 0.5




58 WK E el (AR RS R ) 5551 &

4300 MW ; A O GAR L 6 T 5N A B PE B S HLAR R0 150 MW, OB AR FE i 138 5 220 kV I sk
DL 18] 220 kV BR72s 2R B4 A LGRS /K B 3l 220 kV s AN, I At 52 8 /K H 3 A 119 220 KV 326 H 3 3 2
A HL A

AR SO TR K FLG 1952 4 1 1 31 2015 4F 12 A IBRZGE A AFEARTEE . 2015—2020 434 i SEBR
BITHRE, HERDEAR vl i = K R 17 9%k, i E R4 M0 (https : //data. cma. en) T3 T 1952—
2020 4F3% A FR ST A IREAE , R Gk R T R B R A

2 EREREEZ

N T RTIIOCEAR G ERE RS , 8D /KOG AR T8 T8 55 4 ok 1 35 L KUK, | A SCHAIE 5 V0
SRR 2 T AR AU RIS S P 2 A ) 5 a0 22 5, B BB G o0 Ik L SRS, 7 Rt | | BP9 9RA0) AR
SRR [E] 5 A BB RE A BV L, IR R ANARIA DEIR 1 B0RE IFRIAOE EAMB & REIH LA
2.1 BRI EBRE

BR R K FRL il A P2 L A P A B RO FLAR A 25 IR 5 1K B AR SRR ER G 2R B & e i
T 7% P PR BB 22 0K Lol RO RS R BB AT s TR KL | K R il 22 3 4, 1811 PR RE A A 7 L ot 1)
FH A B R0l N7 K XU D RO 9138 30 8 K A7 A GRUEAR 01 00 R L RE 0 21 AR S YT S AE N 1
AR A LA I S B8 R4 il 7 XA 2 S R AT 20301, BB 7 S0 A i SR A
2.1.1 R#(G5—8A)

IR 22, P BRGSOk A, e Sk H sl SR K F ol 7 A TRUDY 60 MW ) 2B 25008 JEE 1 g 255K
TRAEZE KGR J7 ] A R ik K Lk 3K I T S8 AR R PR SR R s AP A P A
FL PR RK L B RE (R P Tk SR Ll R 2 K Tk

a. JOLHAPRG AR ETTRARY

EIIP,I = EII,L + EP,t <1)
/ﬂ\:qj EH,: = ZEH,i,z = (60 + 2 kiQi,tHi,t )th
i=1 i=2

KA B A ¢ AAOCEANRGERAR E, 5 e ABRZUKA s i it £, D95 ¢« ASGIRE S A i
Ey, N5 AR @ (AR o, BRI &, SKHLEE @ OZRE R EG Q. A o HoKALsh @ i &
Vit H, RS 0 AR @ B9 R HK Sk m B SOK RS AR
b. BRPUK LR R T A0y
X=X +Ey, - Ey, (2)

/ﬂ\:;:f: ETR,: = i ETR,L’,! = i (kiQTR,i,zHi,zth)
AP X, X S -1 ARBGOK LGB REAE ; By, 2R ¢ HBBGUK AL RIRK I R B By S 1 K
b i RARAIK B R P 5 Qe W 1 KL £ ROFEIRRA R
2.1.2 ERHO—I0 A)

TR S Fit vl P S 7K R 8 R FH R SRR K i e i F, , DRI 538 H 7K i ) ) e 26 5 i
FoR BB AR A A, e s KSR AR, B GOk r ol 2 RE(EL il T N /K Lo B 7 Ky 3k

a. JOCHANRG KB EITRAAN
EIIP,L = iEII,i,t + EP,L (3)
Ttep £, = kiQu . H, 1, =1

h kiQs . H; 1, i=2,3,--.9

o Qur KL § B IVE ST

b. BEZUK R E REMEITHE AR (2) .
2.1.3 GAEHm(11—I12 A)

PRI K R Sk ) S P A AR K L e 4% 7K R 3l 49 50 kA (B4 7K R il R S IR B i) A B AR TR )



555 14 RS ILREUKOE T AME R R 1K 22 59

BHAOK LB RE(ELE H [0 4% A AR R RE(ELEA TR K

a. JOLEAPRG AR RN

ElIP,t = iEH,u + EP,: = ikioi,lHi,zth + EP,; (4)

b. BEZUK R EREEI TR AR (2) .
2.1.4 R#(1—4A)

I e Sk R SR K R Y ) R, Tl IR SGARDESEIE Y A H AR R A T8 5 T i K L
P S L B RK L o AR AR AL 1] TP TR K LT v , A 78 R ML T 45 7K rL At A #4950 K LT 728 H T v o

a. JOLEARG B EITAEAXFA(4),

b. BEUK AL E REMEITHE AR (2) .
2.2 XBETRBHRKEIHEREES
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MIRE ST, 8 FIRHE G K st /K AL R 355 1125 m, MBEZZIE/K Fi i 8 FI R 1125 m i 2 5 F 4], 40 #ridt
FPEK AT 5—8 A E/KIE AL, 0 5 B ZOK HL Sl TR 25 RE T BIR , e 20 A 4 VLU Jalobt 28K i il YR AT
L L
%2 AR AT RN 30% KK T 5—8 A BB GUK B & i 5 EREH I G, 5 2 4E
SRR 30% KAKIEO T, YW E RER T % T 40 12 kW - h 8,8 A RKBZOK i he# LR, BIER
IK A P A FEOK e TR IOK LA FEK R A6 K i ol A TR 8 REAN LR T 35 A2 kW - b,
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Table 2 Cascade power generation and energy storage from May to August under the condition of 30 % abundant runoff
unit; 10°kW - h

R R i AXRERE
WHIE e
5H 6 H 7H 8 H 5H 6 H 7H 8 H
15 34.45 58.15 56. 74 39.55 24.72 44.89 64.36 76.21
20 34.26 57.97 56.55 39.36 30.04 50. 62 70.50 82.70
25 34.10 57.81 56.39 39.20 35.32 56.27 76.53 89.02
30 33.98 57.69 56.27 39.07 40.55 61.82 82.39 95.13
35 33.88 57.60 56. 17 38.97 45.75 67.29 88.12 101.08
40 33.78 57.50 56.07 38.88 50.95 72.77 93.89 B BR
45 33.71 57.43 56.00 38.80 56.11 78. 14 99.47 i 1R
50 33.65 57.37 55.94 38.74 61.25 83.48 105.01 R

&3 R R PR SET 2 8 A A KN 1125 m Bife T, ARG T 0 A vk g, h
3 AL TR AR Al 30% KoK 254 IHRIKAL NS 45 HI7E 1098. 1m DA b 15 UL 5 /K Ha ul g
E7E 8 HRE Z 1125 m, L AAETUIHEK , 454 27T UK el S BRI EE GORSE T, HHEAS R K e 3l (TR
WIERE T IRA 28 /2 kW « h,

L5 BT RS K B TE 60 MW AR ZS R BE HY T30 450 MW SGAR HE 13 AR SEE R, B 2K H il (1) 7R )
EHEVEREI N 28 14 ~35 14 kW + h,
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R3I AERRERFH TIEHERBRIEKEL AYIKA
Table 3 Inversed water level of Hongjiadu Hydropower Station at the beginning of

month under different runoff levels

AWK/ m

A#r

ik 30% it 20% Tt 10% ZAETH = 10% fR=E 20% W= 30%
5 1098. 1 1091.4 1084.3 1076.2 1076.0 1076.0 1076.0
6 1102.6 1097.5 1091.9 1086.0 1079.4 1076.0 1076.0
7 1112.2 1109.5 1106.6 1103.7 1100.7 1097.4 1093.9
8 1120.6 1119.6 1118.6 1117.6 1116.6 1115.6 1114.5
9 1125.0 1125.0 1125.0 1125.0 1125.0 1125.0 1125.0

2.2.2 FRFEMBAKBIEG RIEREE

AR AT ABR G K F vl B R O S R AR RO K I OL R E 1 1—4 A BB S AR il i o Bl 20K
R 1—4 A AR R, 5 A AR AR OB SUK AL vl B REVU I . 455 R DT OB A v SR, R TN [R A 4F
ARBHGOK L0 7 RERAS RGN [R] -EAG R BE p R K A 5400 1—4 ) iR RETR B i B, THE AR I OB 2K
uli H X34 F B (16 h THUAERE g F1 K H S7 0T ARS8 A, AR Al ST B0 ZROK L 3 19 16 b THUUEE B g (4 0 THT e 75 5K
2000 J7 ~2300 J7 kW) , By i B 2K F 3l AR R 25 RE T PR 5 AR AV 99 A H 67 77 238 (AR SCHRC4 190 e B p 26K
T 47% ) Wi B HOK L RYAF R E BE 1B, e 20 55 VL UE K L sl AR OR B RE G BV

G AR A B I 30% BRI ZRAT T B ZRoK L 3 TR0 75 BE A die/ ML A6 2K R il L 2
T H R B R, ORI AR A 38 K L A s A/ | PRLHCR FZ SR A T SRR SOK f i RO 4R R B RE B IR TR 2 4R
Pyt ek Qi i 3090 HOARIK ZEAETS BB GRK Ft 3l YRA) 2 RE A e /IMELIE RS 0K HL i I 859 % H ek de /D | JHEXE 7 8
W1 16 h THWERE 1 f /1N, AR ATZ A BRSO B AR R B RE T IR

R A4 JEAFAERERETH VR 7 2 00 K AT R B ZOK HL s 16 h TRIERE /I OLEE T, Mk 4 AT L, 2446
FOKHRIERYAFEAREBEN 7242 kW - h I, 2 K R SRR 3R ER /N, N 46. 9% o i BERG 300 4 9 KR B 77 5% 47 %
T, B e B OK I (AR R B RE L RN 72 42 kW« h; &KL IEIEBE 18 1909. 8 J7 kW, H I g 75 >R
2000 J3 ~2300 J5 kW, K LA IR RE J1 75 R 8 90.2 T3 ~390.2 7 kW, UBHAFE K EREN S8 1 kW - h
INf BB OK LI 16 h IERE T e flh 615. 83 J7 kW, REWSH 2 L W IRIIGERE 1 , DR LG 58 A6 K R il RO 4R OR 3
BE TRy 58 12 kW - h,

R4 FRERSHREZFTEHNERFTRMBELKELY 16 h TUEHE
Table 4 Load rate of thermal power and 16 h peak capacity of cascade hydropower stations under

different energy storage schemes at the end of year

ERERE, KL A4/ % 16 h THIERE S /T kW

121w - h i 30% vkt 30% B 30% vkt 30%
44 A 2 A KA A 2 A K A7 AN A KA AN A AR AL
47 54.0 Al IR AT 821.79 ANl R KA
51 52.7 AN TR K AL 863. 65 ANt IR A
56 51.3 ST TR KA 910.23 AN TR AR AL
58 50.4 60.3 938.74 615.83
62 49.5 59.4 970.22 640.91
67 48.2 58.2 1011.77 683.07
72 46.9 56.8 1056.72 728.61
77 45.5 55.3 1104.34 777.01
82 43.9 53.7 1157.22 830. 80
89 42.2 52.0 1213.79 888.20
94 40.7 50.5 1262. 66 938.00
98 39.5 49.3 1300. 68 976.71

4 PR IR AL FnTE SR IUK BB AR B REA M T lid 1—4 B9 R LR e 2
PR PR IE RAB B IRARIK AL, BN, S ZOK RS AR AR EBE D 44 12 kW - h I FESR KB AR F- 1
B =F 30% BIZAET | o TG K ALl AR AR A1, RIVEE R SR Rl 1—4 A HLE K, AR RE IS 3 33
PEATRRIKA
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storage dispatching diagram
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2015—2020 4EAYAEF- R0 5100 150. 5,133, 6 .133. 8 131, 0,145, 1,139, 0 m* /s, Hilii 7K P HE A 7 45 2 4EF
B st 109% 20k F 10% Z 18], 73 5#H 2015 4F (s 3= 10% ) 2020 4 (F-H 5 & KF) (2018 4 (Al
10% ) VE AR FAE By HEAT /K B AMER S0 28 BE VA 32 (RIS 49 B0 TIEAF 5, 15 8 A B D =X O =X 1 38 A B AR
BHGRE BV B I A T AR GO F il o AL, 73X 2 AR AR GK F il SE PR R BE B A K A i A, B S AR
JIHEAT IR B,
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Fig.3 Hydro-PV output process of Hongjiadu Hydropower Station under mode 2
A 3 AMRRAE BB GUK H sl AE R K AL GOK H ul AR 25 58, P P by X AR A0 B e — 2L, iR
PN 2 A HLBE ) 5 F K KOG R AN 2 & RE R BE KA TR . 3 IMRERAEA W] B X AOL B
KRG A I FK B GETHE DL AN 6 7R 24F BORBSUK F vl 25 RE VR B A2 DL 4 sk 6 A& 4 T L,

FARAETTA L B AOL HANR SR R %6 FRBEARARTHELRABSHAR
PO 2 AP KR , IR AE 0.7 12 ~ Table 6 Power generation and waste water of Hydro-PV
2. 142 kW - h; [ i 25 AR AR =0 1 1ok complementary system under different dispatching schemes
SETANR G KBTI 2 2 A AR, PRI Py

o k S > JHEE 7 3
FERTE0.03 /2 ~0.15 42 m®, Tis 1 9BE ™75 005t J0is4F 2000 2015 4F 2018 4 2000 4F
FOKBEVEERIEAT T2, KIEMHE — 1 316.67  272.03  352.63  23.19 3.67 2461
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Fig.4 Energy storage dispatching process of cascade hydropower stations in different typical years
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