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Study on dispatching strategies of a wind-solar-seawater pumped storage hybrid power system
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Abstract: This paper researches the dispatching problem of a wind-solar-seawater pumped storage hybrid power system
in sea islands, puts forward three kinds of dispatching methods of the hybrid power system, which include single
dispatching, simple mixed dispatching and complex mixed dispatching. On basis of each kind of dispatching method,
several kinds of related dispatching strategies are designed, including three kinds of single dispatching strategies, three
kinds of simple mixed dispatching strategies and six kinds of complex mixed dispatching strategies. Taking Nanji Island
for an example, first, this paper optimizes the capacity of the hybrid system of 12 dispatching strategies based on fuzzy
multi-objective programming and genetic algorithm, then analyzes and compares operation results of optimal capacity
allocation of 12 dispatching strategies, summarizes the advantages and disadvantages of the three dispatching methods
and selects the best dispatching strategies.
This work is supported by National High-tech R & D Program of China (863 Program) (No. 2014AA052003).
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Fig. 2 Operation model of water pumping station
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Fig. 4 Overall control diagram of hybrid power system
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two alternate operating ways

BT 3 BRI RSN, vk 3 Bk E A
RU LSRN, RVEEIZEER N 0% NS 4. HIE
EARMEAHIL 30%[KI 5% 5 A1 H S IE R EA
I 50% 15 6.

1) 3% 4

ik 4. BT e AT oo e BT, BT
JFR av b Al ds KOG AKIER,; S H iR
Plrgsizkdt. B 2 b HIETFR dy e M1 f, WiTT
TFR av b M e XOGAH KA S H K H
ik H .

2) g 5 FISKNE 6

el 40 BT HGIFR ay by ey e A,
WP IFoG s ROBILSEIMA AT, HEEZEREA
L a% ;. HROCH R, WIKEBEREI Y TR
fuar K EHAURH L, 155 8K 2 e A TFC as
by d e Ml f, WiIFJFok es MOBHRZEimA S, 1
HARBEREANEL a% ; A XOCHR, WIKIR LK
M R R AR DT RIS 5,
Wea 2y 300 FRSHME 6, W a Ky 50.

2.3 ZRERRIAE

TIRE ARG R R AN RS B AT
XE5E M 7% FeT ik 3 M A AR R R
W, BEVFRIER 1 7R 6 k2 A Y R SR

R1 ZREGHIPERK
Table 1 Complex mixed dispatching strategies

TRAT A TR s FUA M
Hemg 7 SN 4 B 145 5 B 2
e 8 e 5 B 145 4 B 2
i 9 SR 4 R 1455m8 6 Bk 2
e 10 SR 6 R 14578 4 Bk 2
e 11 Mg 5 B 1450 6 B 2
SN 12 Mg 6 B 1+55mE 5 Kk 2

3 RHEREML
PAZEBFIE . BEHLATSEPE . IAORVERTAT A BE A



-20- @A &R B R

R Hobs, FHBOE 2 3 AR U R 57
%, WA RBHATEENAEE .
3.1 &5

RGIEA C L, /i

C=C, + va + Cpl + sz + Cp3 +C,+C,, )
s Curn Coon Cpiv Cpon Gz Cig 1 Co 7350152
ARG, Wiz, R ADDIFKE. POIFKE. R

DI KA B A, 8.
Cor =Cin +Cyp + Cp (10)
T+7, )"
wal :nwewawan (11)
(147, ) -1
Cwﬁ = anwfnuwff (12)
CWB = wauwfv (13)

e ny RRHIECER: ewpr MHLRALIE, $AW:
Py i MHLEE DI, kW rye 2R mys 24T
IHAERR s a2 KUBLIE E B GE AN, S/KWs g, A2 R
WL AR IZ 4E A, $/kWh;  Eyp 22 KL K H &,
kWho FRGEHABL > 1 A P42 20(10)—=0(13)
R BT

3.2 HAEAEM

Bigy LA LPSP it hnl 5k, )

3B (n)-24/n,,,
LPSP =1 (14)

> B (n)-24/n,,
n=1

s Ao RAKFERITIE i RFIT B Prp(n) A2
BRE n NN BEFRIFA DI, kW Prg(n)iizk
8 on NBEFEIUT, kW
3.3 MR

A REIIBIE R p BRI R, BRI

xxxxx

D P(n)-24/n,,

B == (15)

Z:PLS(n)-24/nmax
P.(n)=P,(n)~P,(n) (16)
P,(n)= P, (n)+P, (n)+B,(n) (17)
P, (n)=P(n)+ P, (n) (18)

K, Pun) R RS n AN BOF 3 RS G T

K, kW

3.4 ATHAERFEAMAER
FERFENF A T ] FARRER A%, H

\\\\\

A=— (19)
Y [Pu(m+ B (n)]-24/n,,

3.5 RGEAEMULRE
FFIBOR 2 H AR R EIR DA H bR s 80 Ak
oL e =i NERARTE G
H=0p + 0, + 0 + oy, (20)
A g o~ w Ay, 20500 C. LPSP. B A4
PR o~ a,~ oy Mo, IR T I e R85
R,
= @1
_ LPSP,, —LPSP
~ LPSP, —LPSP,

min

(22)

H,

— ﬂ_ﬂmin 23
B = Brain *)

_ A =4

a Amax - Amin (24)
ARG R H AR e
min { 4} (25)

s

HATRGA

0< Ry ST e

0< Moy ST

0< n < M imax

0<n <n

0<n <n, ..

PN Ny Hpys Mpin Ao s 1K o
FIHBAL L TR R G BALE

4 HBflnHr

DL FE RS (121.07°E, 27.46°N) &5, Kl 6 K
AL BRI RAAT I A HI K
4.1 REBREMUER

T R R S, SEHEE 3 TP IR S
PACELE TR B HiEfT T U R G A =
BlE o ARG 73BT LRt 52 SRS 1) e FE 7% = 1
ATEE I . BRI B SRS ()2 T 5 2 H AT Fst
TSR R A B R B W3R 2 Fis. S F4Efh
R TRMS, SRA A AR AL S5 1 RIS AT BV

(26)

tmax




g, 8 R ER IO R AR G T AR 5

KGs5

@ ——
5 sy T R I
-] EEENY

Tl K

Gl

690V .

100m, kw | AL @ —
—

T7

e
o] 13 KG3
480V AR . .
200m. 1w | hu s [QO——=] ; P AR 00y
T2 | T T T (8.78n,+18.850,,+52.67ny) kW
Hmmmmmmeee 5} | 0 o2 o
: v = |——
I 1
KG4 ! !
nov O———: :
[
500n, kW — > I : >
I
I

) T6  KG6_——p

E 6 mMESKERFNZREHWE
Fig. 6 AC structure of Nanji hybrid system

R2 RRAEMLEE

Table 2 Optimization configuration of system capacity
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HL S AT ORI L P st AR U D, R GU0 7K L
AR L3t 2 SR A, S B T K
AIBIRATL P 3t P 5 0l /N (B TR 0 2 FRD 7K P 3l 2
AR, HARH Z, 00E). XOLHISIE
I A AL TIRAL FE 3 gl » PR B Y
Bk, REGAVFIER .

PRORAEATRT 7 BEVSOMI 5 i o T 2R I X
TR ARl 2 3 BUK S AN RE ST 1 B
FENFEEIG AL, W] F A BRI H AR BRAIC, i
—E R FCAT PR RS IE R . PTLAR R XU E
BB IE R (EAR M TAm) AT Bh T3 il fHEREIS
BERMPALIERI AR

(AR 128 (N N SR G i
W, B KO EESE RGN, AR A KRN
HLREAS /D, KSRl A PRI K R, WoE
AR ), B T ZAK T Zi ALK L 452
PUN TR, HROE B IE RS A Tk
BAHLHLS 9N, ORGSR “ g R
BERs B, WTREEMRE, MXOLHEBESR
RIS, R GER AL Rl (R A T R, 2L
PACPAS ML Lty th gl st 1 Ak “ A
TR HL” MRS R

2) KRB ERGHEE R BT

il 7, HER- R SRS A L, ARSI
PTG — IR SRR B e 5E e IAORTERTR] 5
AEREUEA IR SR TEAR, B TR, X
e R B P R R P R ORGSR R s
# T, — IR SRR P IR« A+ 3



-2 @A &R B R

5 “RAEHKE” RS F e T s
TORAL RS TR 380, K R g 9dsl>, T
EREBIE R KRR, RS DA
Hans KK HES D FERIBRAG, — A LS
X RIE T I C TR IGBRAG, Mo R b 4h
By AEFFRGEIERIEIN, AT PR BRI R K.

3) CIRE ARV

TR A RV R SRS OR B — I A R R R 4
TIPS . Wil 7, s R RO EEHEIE
AN — IR A TR BRI A X a4y, W T HERS
37 FRAR I — IR A TR i SRS, ml s FL R
INORPERI O] AR REUR A 25 (RIS, X T HEBE
I — IR A B B nS,  ml 3 LA ] 5
Vg, ABBEAS T HG Bk PR AT a] AR GE U5 R
oo THLJGUR A RS RO 5 SRS (] B 52 2 A
— IR AR RS s, s TR bR e N Tk
PP — I A TR B SRS TR IS AT FR b 2 1] o

TAMRIEBATIRbR, BACKRE, —IRE AT
J5£ SR A2 FERRE 1 X6 N IR — R R R 5 SRS (1) 5%
MR, T 52 HEABE SR 2 X6 W2 PR — IR R TR0 5 S
PIRZMA /N o
4.3 3MIAEHERLE

1) 3 P BE 7 RE R

LR iie S 2 N ST T S 7 PR
PR AT A BRI s i, R AR B,
R AR R SO AR S, (B RS
Grrk . IRREYERT ] FEAE RESR A R AR, —IRE A
TR P8 P SRS P e XS I PR — YR R A TR 5 S s
FELR A — KA TR U 5 SRS 8 PS8 i R AR o o X
—IRE AT A, AR 1 5XOLE
PRBE R I — IR A AR s B iRt 2 41
B IR A TR SIS Co IXREEE I 2 SR A BE
ZEMEATYR bR, TR BN S A B AIE T4
BRI o

2) dpe I SRS

Wil 7, HRYE 4 ANMSATHRPR RS ST 12 B
R FSE SRS TP PR e R SRS o g PRIEFH FE AT, SR 3.
6. 10 Fl 12 A&, —RUREH, 5% 2 P4~
AT R ey, MO R i . —
WEHATRE R, 5% 5 10 4 Nstrfabr i,
MR — IR A B BE TR R U 1) BRI 5 4
G ERORE RN AT P AR BRIV A 2 3 L SREms 2 W1
B R B £ IRE AR,
FEME 11 IR BTN A s, vl 7 2E RV A
RALKTRIE 9, LRGmHT, g 11 2 IkE AR
R R BRI 1. SSRmE S A EL, SRmE 11 AMYRIFER

WEEILHY, HAELTEE . FORMEATAT FE AR e A
D5 TR B LS -

gk Lpnd, RS E R R SN 11 iR
JESES o

5 4£ig

AW T RS BB R GEE ) , #%
ST O T B R R XL - D' - Kl T R FEL
B, T R RNEEET, - IREARNHE” A
TR R SER R T VR . IR LA BE By 4,
II AT IR0 ELHSE FON U BE (0 52 LA 3 il B2 7
VERODLER A IR T R AR A LSRN . A SCER
IR RGBT RO By RO R G R BT —
TR
Sk
(11 & 45am, XRIE, W98, &%, BT AP H AR

RO Ik 5 5 L AR il RE T L SR [7]. "B R G2 A

5hk, 2015, 39(14): 30-36.

ZHAO Shuqgiang, LIU Dazheng, XIE Yuqi, et al.

Scheduling strategy of energy storage in wind-solar-

battery hybrid power system based on dependent-chance

goal programming[J]. Automation of Electric Power

Systems, 2015, 39(14): 30-36.

(2] Thih, A, AOUR, S IR T R 2 R R T
O K AU R 22 48 1 T 2 SRR 0], R R,
2013, 37(6): 1491-1498.

MA Jing, SHI Jianlei, LI Wenquan, et al. A day-ahead

dispatching strategy for power pool composed of wind

farms, photovoltaic generations, pumped-storage power
stations, gas turbine power plants and energy storage
systems based on multi frequency scale analysis[J].

Power System Technology, 2013, 37(6): 1491-1498.

(3] AR, WREE, XA, 55, HIEATHIR S S E
PO fif e 4 22 B ARG R L[], i ) R SR 4 S 4l
2017, 45(2): 35-41.

LI Dongdong, XU Lianlian, LIU Xiang, et al. Optimal

dispatching of microgrid considering the participation of

reducible loads, distributed generators (DG) and energy
storage units[J]. Power System Protection and Control,

2017, 45(2): 35-41.

(4] S3ai, XK, #le, 55, ASAUEE R ORI QIR 42 4
THFEAE RSB AT A P R (0], FB) RGeS
54, 2014, 42(18): 50-57.

WU Kehe, ZHOU Huan, HUANG Ting, et al. Application

of variable weight coefficients and association rules in

wind-solar-battery power plant operation optimization[J].

Power System Protection and Control, 2014, 42(18):



g, A KOG ERIBES ARG R SR B 5 - 23 -
50-57. 2015, 37(1): 12-17.
(6] #75, Wi, K22, &% JE T80 R s s L (117 &5, KRB R ARG LRM]. st b1
BLE[T). B RGAAY 5EEH, 2013, 41(1): 53-60. Mk H B AL, 2011,
YANG Xiu, CHEN Jie, ZHU Lan, et al. Optimization [12] (4. M-OG-HEE G KB RE R EERE ST M].
allocation of energy storage for microgrid based on dbat: T ZKFRZK L H R AL, 2014.
economic dispatch[J]. Power System Protection and [13] DIAMILA R, ERNEST M, ¥k, 4% YR K H RS
Control, 2013, 41(1): 53-60. K PEA—a e, P A RIM]. Abst: LT H R
(6] MWesR, PR, sk de, &% B8R H YR 5] L RE ik, 2014.
VR T2 S I X R FE AR AL AR L [T]. WL RS R [14] BUENO C, CARTA J A. Technical-economic analysis of
5, 2016, 44(23): 30-38. wind-powered pumped hydrostorage systems part I:
YANG Xiaodong, CHEN Yu, ZHANG Youbing, et al. model development[J]. Solar Energy, 2005, 78(3):
Scheduling optimization model for microgrid considering 382-395.
interactive power and renewable energy output [15] BUENO C, CARTA J A. Technical-economic analysis of
fluctuation[J]. Power System Protection and Control, wind-powered pumped hydrostorage systems part II:
2016, 44(23): 30-38. model application to the island of EI Hierro[J]. Solar
(7] E2es%, HiERs. HE T AL B 3 M R 2 Energy, 2005, 78(3): 396-405.
HARSh A TEAC T L. ) RGR4 5 #E0, 2017, (16] SBf, Bishis, &hedk, 55 KotBa i gmZ H
45(4): 9-18. POl QAR TE]. B R 551, 2016,
WANG Xianqi, TANG Zeqi. Multiobjective dynamic 44(6): 35-40.
optimal dispatching of grid-connected microgrid based XIA Shu, GU Jinyue, GE Xiaolin, et al. Multiobjective
on TOU power price mechanism[J]. Power System chance-constrained programming method for wind
Protection and Control, 2017, 45(4): 9-18. generations and photovoltaic allocating[J]. Power System
[8] skic, MuTEN, Madit, . KIS E BB TRk Protection and Control, 2016, 44(6): 35-40.
D). ARG RY S5, 2015, 43(6): 138-146. [17] skras, ALBR K, £ig, 5. AR T 5 I8 R
ZHANG Yuan, HAO Lili, DAI Jiaqi, et al. Overview of IR ARG H R EET]. B RGEMRI S5EE], 2015,
the equivalent model research for wind farms[J]. Power 43(24): 75-82.
System Protection and Control, 2015, 43(6): 138-146. ZHANG Xinsong, LI Xiaofei, WANG Yun. Day-ahead
(9] T8, KEHAREARHT T[], KBHAE, 1999(4): 12-13. dispatching in consideration of wind power curtailments
WANG Bingzhong. The formula of solar radiation[J]. in uncertain environments[J]. Power System Protection
Solar Energy, 1999(4)' 12-13. and Control, 43(24): 75-82.
[10] {E‘J;% R, B, SE. OKBHAR S O BRI B T

ujtatml:/m[n TARRIFGHET TR, 2015,
37(1). 12-17.
FENG Wei, DONG Hong, YANG Liu, et al. Comparison
of the fraction model of direct and diffuse solar
radiation—taking Beijing area as an example[J]. Journal

of Civil, Architectural & Environmental Engineering,

#= HHEA: 2017-01-05;

{&E HEF: 2017-06-16

fEETE T

& F9930), 7, @M%, MEHRL, HEF
B4 T A AR AL, 24 54840, E-mail: 18012281906@
163.com

(F)~)



	1.1 风电场建模 
	1.2 光伏电站建模 
	1.3 海水抽蓄电站建模 
	  
	图1 上水库运行模型 
	Fig. 1 Operation model of upper reservoir 
	  
	图2 水泵站运行模型 
	Fig. 2 Operation model of water pumping station 
	图3 水电站运行模型 
	Fig. 3 Operation model of hydropower station 
	1.4 微燃机电站建模 
	2.1 单一型调度 
	2.2 一次复合型调度 
	2.3 二次复合型调度 
	3.1 经济性 
	3.2 供电可靠性 
	3.3 环保性 
	3.4 可再生能源利用率 
	3.5 系统容量优化模型 
	4.1 系统容量优化结果 
	 图6 南麂岛联合系统的交流结构图 
	Fig. 6 AC structure of Nanji hybrid system 
	4.2 3种调度方法比较分析 
	[1]  赵书强, 刘大正, 谢宇琪, 等. 基于相关机会目标规划的风光储联合发电系统储能调度策略[J]. 电力系统自动化, 2015, 39(14): 30-36. 
	ZHAO Shuqiang, LIU Dazheng, XIE Yuqi, et al. Scheduling strategy of energy storage in wind-solar- battery hybrid power system based on dependent-chance goal programming[J]. Automation of Electric Power Systems, 2015, 39(14): 30-36. 
	[2]  马静, 石建磊, 李文泉, 等. 基于功率多频率尺度分析的风光水气储联合系统日前调度策略[J]. 电网技术, 2013, 37(6): 1491-1498. 
	MA Jing, SHI Jianlei, LI Wenquan, et al. A day-ahead dispatching strategy for power pool composed of wind farms, photovoltaic generations, pumped-storage power stations, gas turbine power plants and energy storage systems based on multi frequency scale analysis[J]. Power System Technology, 2013, 37(6): 1491-1498. 
	[3]  李东东, 徐连连, 刘翔, 等. 考虑可削减负荷参与的含风光储微网经济优化调度[J]. 电力系统保护与控制, 2017, 45(2): 35-41. 
	LI Dongdong, XU Lianlian, LIU Xiang, et al. Optimal dispatching of microgrid considering the participation of reducible loads, distributed generators (DG) and energy storage units[J]. Power System Protection and Control, 2017, 45(2): 35-41. 
	[4]  吴克河, 周欢, 黄婷, 等. 变权重系数和关联规则挖掘方法在风光储运行优化中的应用[J]. 电力系统保护与控制, 2014, 42(18): 50-57. 
	WU Kehe, ZHOU Huan, HUANG Ting, et al. Application of variable weight coefficients and association rules in wind-solar-battery power plant operation optimization[J]. Power System Protection and Control, 2014, 42(18): 50-57. 
	[5]  杨秀, 陈洁, 朱兰, 等. 基于经济调度的微网储能优化配置[J]. 电力系统保护与控制, 2013, 41(1): 53-60. 
	YANG Xiu, CHEN Jie, ZHU Lan, et al. Optimization allocation of energy storage for microgrid based on economic dispatch[J]. Power System Protection and Control, 2013, 41(1): 53-60. 
	[6]  杨晓东, 陈宇, 张有兵, 等. 考虑交互功率与可再生能源功率波动的微电网调度优化模型[J]. 电力系统保护与控制, 2016, 44(23): 30-38. 
	YANG Xiaodong, CHEN Yu, ZHANG Youbing, et al. Scheduling optimization model for microgrid considering interactive power and renewable energy output fluctuation[J]. Power System Protection and Control, 2016, 44(23): 30-38. 
	[7]  王先齐, 汤泽琦. 基于分时电价机制的并网型微网多目标动态优化调度[J]. 电力系统保护与控制, 2017, 45(4): 9-18. 
	WANG Xianqi, TANG Zeqi. Multiobjective dynamic optimal dispatching of grid-connected microgrid based on TOU power price mechanism[J]. Power System Protection and Control, 2017, 45(4): 9-18. 
	[8]  张元, 郝丽丽, 戴嘉琪, 等. 风电场等值建模研究综述[J]. 电力系统保护与控制, 2015, 43(6): 138-146. 
	ZHANG Yuan, HAO Lili, DAI Jiaqi, et al. Overview of the equivalent model research for wind farms[J]. Power System Protection and Control, 2015, 43(6): 138-146. 
	[9]  王炳忠. 太阳能辐射计算[J]. 太阳能, 1999(4): 12-13. 
	WANG Bingzhong. The formula of solar radiation[J]. Solar Energy, 1999(4): 12-13.  
	[10] 冯巍, 董宏, 杨柳, 等. 太阳辐射直散分离模型比较研究—以北京地区为例[J]. 土木建筑与环境工程, 2015, 37(1): 12-17. 
	FENG Wei, DONG Hong, YANG Liu, et al. Comparison of the fraction model of direct and diffuse solar radiation—taking Beijing area as an example[J]. Journal of Civil, Architectural & Environmental Engineering, 2015, 37(1): 12-17. 
	[11] 李安定. 太阳能光伏发电系统工程[M]. 北京: 化学工业出版社, 2011. 
	[12] 任岩. 风-光-抽蓄复合发电系统的建模与优化研究[M]. 北京: 中国水利水电出版社, 2014. 
	[13] DIAMILA R, ERNEST M, 杨立永, 等. 光伏发电系统的优化—建模、仿真和控制[M]. 北京: 机械工业出版社, 2014. 
	[14] BUENO C, CARTA J A. Technical-economic analysis of wind-powered pumped hydrostorage systems part I: model development[J]. Solar Energy, 2005, 78(3): 382-395. 
	[15] BUENO C, CARTA J A. Technical-economic analysis of wind-powered pumped hydrostorage systems part II: model application to the island of EI Hierro[J]. Solar Energy, 2005, 78(3): 396-405. 
	[16] 夏澍, 顾劲岳, 葛晓琳, 等. 风光联合优化配置的多目标机会约束规划方法[J]. 电力系统保护与控制, 2016, 44(6): 35-40. 
	XIA Shu, GU Jinyue, GE Xiaolin, et al. Multiobjective chance-constrained programming method for wind generations and photovoltaic allocating[J]. Power System Protection and Control, 2016, 44(6): 35-40. 
	[17] 张新松, 礼晓飞, 王运, 等. 不确定性环境下考虑弃风的电力系统日前调度[J]. 电力系统保护与控制, 2015, 43(24): 75-82. 
	ZHANG Xinsong, LI Xiaofei, WANG Yun. Day-ahead dispatching in consideration of wind power curtailments in uncertain environments[J]. Power System Protection and Control, 43(24): 75-82. 
	  



