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An improved flower pollination algorithm for hydrothermal scheduling
incorporating demand response
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(1. College of Electrical Engineering & New Energy, China Three Gorges University, Yichang 443002, China;
2. School of Control Science and Engineering, Shandong University, Ji’nan 250061, China)

Abstract: In order to enhance the searching ability of the flower pollination algorithm (FPA), this paper presents an
improved flower pollination algorithm (IFPA) with three strategies, i.e., a double-direction learning strategy to advance the
local searching ability, an imitative osphresis search strategy to strengthen the diversity of population and global searching
ability, and a dynamic switching probability strategy to balance the switch between global and local searching. On this
basis, a hydrothermal scheduling model with demand respond is proposed, which minimizes the fuel cost, maximizes
the benefit of power supply company and reduces the electricity demand by providing an appropriate compensation to
customers. Finally, the presented model is solved by using the IFPA. The simulation results show that the IFPA has
outstanding performance, such as fast convergence speed and high accuracy, and the proposed model incorporating
demand response can reduce the demand for electrical supply of customers and fuel cost of thermal power plants.
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FRAR f1 R BRI fo BISBME 5 51N

61073.91019, 144210.7573$, 22054.0154 $.

U 11 s AT 45 Rk AT BAR VLA, B b R 2L

B F = 60968.9268$, -k H ¥k [ #i #E o A
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144 282.906 9 $, fIt H1 2A =] Fr 45 89 R fo

22345.053 3 $. % L0k 75 B B 1 K LB WK 6 BT
(B2 MWh). T8 9% & 75 5% i B/ i FH e & DL R A5
FIFAR R AME IR T BTN, 25 AN 7K H s i B HE
KRN PEAF Ry S B 4 MK S BTk, 2% 18 75 SR i o

*6 BHEMEHNEBENLHEE

55N 18 e SR 2 KRRl PR R AR S 1 AR IR B
FKRAWE 6 FTa~. SN 1 B UE 532 o3k (8 2ohE, A A
FPA . EOFPA"®! f1 MGOFPA!'% 57 3 4 ! 1) IFPA i3k
AT T L, B b B A R AN 80, S STIZ AT 20 1K, &

RANR PR,

10
11
12

14
15
16

18
19
20
21
22
23

t 1 2 3 4 5 6 7 8 9 10 11 12
Phl 23966 24914 26030  27.127  28.140  34.826 40960 47.859 51722 57301 59376  54.966
P2 16763 17318  17.867 18394 18991 19578 20.801 22447 25302  30.867 33783  29.105
Ph3 42918 39322 37463 35905 33966 32288 31262 30456  30.633  31.145 32347  34.154
Phd 45632 41621 44231 46189  47.805  49.441 50798 51925  53.006 54165  60.120  58.792
Ps 57061 43876  39.624 59282 56418  69.536 81.856 92793  103.900 131701  159.534  127.238
t 13 14 15 16 17 18 19 20 21 2 23 24
Phl 56403 54423 49902  47.673 44969  40.103 35426 30.672  32.149 34367 30277 27814
P2 32440 31621 28641  26.187 25761  23.147 19.856 17.165 19267 21353  13.151  13.691
Ph3 36366 37978 39758  41.187 42085 42997 42.192 42235  40.619 38416  37.665  39.719
Phd 64812 66935 67308  67.800  68.019 68738 68.829 69299 68759  68.604 66316  63.617
Ps 155022 154342 118777 102908 84.6187 69349 58975 46.804 45680 43982 39488  41.594
R7 BEEREBRE QR D BB RABRAME g 2
S 20
t q1,t/MWh y14/$ qo,:/MWh y2:/$ q3,:/MWh y3/$ >
& 16}
1292 330663  1.066 252141 1299  333.148 = >
Q
0438 78576 1366 379.635 1142 259.501 Z
o St S X * .*‘;
1710 541695 1702 551964 1369 368971 2 sawyak Plant2 e
0633 126887 0814 164588 1652 531391 = 40 5 10 15 20 25
1500 440791 1229 318566 1947  732.704 t/h
1112 280424 1318 357907 1896  695.091 4 IKEILERTEHIHEKE
1390  392.148  1.826  623.139  1.103  243.195
g 180 Plant3
1982 685784  0.734 140312 1798  627.093 Py
1296 352362 1749 578570 2388  1092.456 3 A
g 140} Pl :‘\{
1117 282225 1915 677473 1785  617.816 E antd e
o .
1306 356508 2061 770252 1470  423.223 z Look% o~ RS o
2 v ***r*-*** Plantl
1594 484789  2.108  801.832  2.039  801.339 z *xy bl
b5y g ant2
172} ****’*'7?"'*
1953 669.491  1.510  449.626 1490  434.789 S 60 - - - -
0 5 10 15 20 25
1325 364359 1306 352435 2066  822.776 (/h
1637 505329  1.538 464306 2436  1136.128 5 KEEREBRNELS
1042 254955 1629 512080 1570  481.512
1218 320981 1365 379.123 1962  743.441 o 13l
1344 372479 2148 828691 2171  906.139 =
0908  208.881 2204  867.552  1.606  502.728 g
0517 971430 1411 401297  1.894  694.257 Tg without DR
1059 260.853 0933  203.600 1522  453.227 s ,
= with DR
0779 168386 0984 221923 1512 447.405 L4 , , , :
1454 420244 0684 125821 0962  186.968 0 4 8 12 16 20
Iteration number /10
1386 390384 1388 390223  0.787  127.428

24
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Bk RtE/s  mEE/S THES dedER
FPA 70684.0158 75682.8532 72498.1674 3116.07
EOFPA 627159852 63898.1543 63095.7681 1049.29

MGOFPA  63945.1547 65415.7148 64575.6719  742.05

IFPA 60460.5956 61686.2798 61073.9101 129.07

6. B4 P S Al A1, 44 K Lk A, 7K HL ik 3
A4 52 3 B /K H s, 75 18 BE AT 10 h o, 7K L3 4
B FARFRFRIHEK &, G K EAE S | h A2
NBEJE, 5 2 h FRARE T ik, 1% BTk K L 3
IHE RT3 7K B 7K B A — AN 7K I, T kK
BT RKE A LUK 2 LR . 7K Hasl 3 i HEZK
HAIERT 10h A 218 T B 5, il K & s 8~
TE 9 h B3 e /Mg KA. 7K B3 1R 2 SE fR 7 — BU AR
JE B HEZK &, 75 BR300k F H ey I 46 1S KK
. {E 10h~ 16 h 1) H L s [a], 7K f ik 4 4 Jy 32 22
H T HE K S PUE . B3R 6 BTN, 78 A e i
S, 7K FL 4 AT AR CRAFOR 1) 77 FL &, B 2 72 19 h T4
FEHE L T K YL E A 24 h B 45 R

T VEHLZ 26 T 3 AN B 3 10 % 1 B> 1
FH R 2 A3 30 A M S8, TT LRI, %57
/0 1 F R 2 R AR B I AME SR 2, B
I8/ 1) FH PR R 22, 15 B R B R R A A (R 4
A/ 98D D) B2 9, Y 2R LR SR 2 hig b
F1 0.438 MWh 15 21| #3241 78.576 $, F A7 #3242 i
179.397 3 $; 7E 5 6 hiik/> FH H1. 1.112 MWh 15 2 $ M
£ %71280.424 $, AL AME S A0 252.1799 $; 7E 55 13 h
98/ HIHL 1.953 MWh 15 24 M 5 401669.491 $, FA7 b
P2 G0N 342.801 3$. G m] UL, I A2 75 SR i . A5
TR ey — il vt B 11 PR R TS 1 1
RLAMEE S (R 2, SX R REAE — 5 72 2 b o)A 2%
HI T2 A,

B 6 7% 2 75 SR I K HL 3k 1) R A 5 AN
R SR e S8 KPR Sl PR R BCAR. T AL, AN R G SR )
) K RS AR AR IR B T 1.55e+5 $, TN 75 SR el
7[R IEFE AR D M 1.45e+5 8, EARE AN T 1R KRE
FE ekl L D BT, S ER T N 75 SR R (14 458 25 ]
DLl o 5 AU 2 5 ) s RE 1) TR AL 2, B AR Db
HAL e 75 SR (10 [E] I, V8 2 B IR 1S — e IR 8. 5% b, A
SCAE 7K K HE 1 E R ASE AR o 8 5 55 SR 2 D) S m AT
), A2 X RS 9 D SR AT R ORAE F ).

# 8 NFPA. EOFPA. MGOFPA FTFPA [IY fif: 5
R TG 3 B s 22 A7 3 B AR R
H A DA S 20 R IE S AR iE 22, (3R 8 BT AL, bRk FPA

15 21 1 25 T A2 4 P AR e 22 R, AN & T AN,
HoArifE 2 i KT H A 57k EOFPA fll MGOFPA
B 45 A L AR v FPA A 2 35 142 =y, {5 IFPA 7£ 4b
HLZ G RB NRARAE REE FYER R E
HI AL 4L AR R /N, IX UL B TFPA 1R RE ) AR
SE VS 4 B EE T iR I 1), 2R B T SOk SR A Rk
4 4 w

RICHEH T —FhIE T 34N SRS i I AE 2428
SV TFPA. XUJA) 2% ) SR N ok T FPA 1) =) 351 48 2% R
77 ViV GEAE 2SR IS ST T FPATE 4 Ja 48 2% i f oo
ZFEME, O3 A R A R M BE, 2 R R H R
MRAR IR BE 775 B2 2 4 Mk 22 SR A 8 b P i 1 42 )
420 e A 2R 2 (R ) 4. [R] B — ol 5 SR
ISR, SR FH — i (A e A 2 3 A A B VG
I80/0 HLRE R SR, BE L VH 9% 3 3R A8 — e R &4, B REAE
— B FERE bk B Hi W A BV LK BT AR R I R oK
M) S A5 7R 5 7K K LI AR R FEARE R 25 5, AN 5 R K
il K VRt R LN, T R % R B 7R SR A, AR PR
TR A, WA T K 1 R H R R A, i #
T REIRHR R, B — A BAR 5 A5 56 UE TFPA A1 2%
R85 SR IS P 7K K LA A T P AR f A R AT AT
. S2B6E B, 5 FPA. EOFPA. MGOFPA #H tb, IFPA
A T A8 R AR 77, B 4K 3 T A8 SRS 1A 1 A
7 L& SR A SR 7K K AT A R AR 2R Ay S RS 8
T8/ Y B 5 LR [0 7 SR, BRAER K H i R BREARE U,
P50 X IR 75 e

ARSL LA KRS R A /N AR 2 ) R A K
N E AR HEATRIE T, BRI 2 A6, 78 R B 5 R K LT )
IR HE S 85 7K FEL 3l 3 7K IR SR i N R S
SEFREYR . 7R RS DAV P R A KR B AR SR
Ir] R 5 B — P AT

2 Z 3 Hk (References)

[1] Kennedy J, Eberhart R. Particle swarm optimization[C].
Proc of IEEE Int Conf on Neural Networks. Perth: IEEE,
1995: 1942-1948.

[2] Holland J H. Adaptation in natural and artificial
system[M]. Ann Arbor: University of Michigan Press,
1975: 89-120.

[3] Dorigo M, Maniezzo V, Colorni A. Ant system:
Optimization by a colony of cooperating agents[J]. IEEE
Trans on Systems, Man, and Cybernetics-Part B, 1996,
26(1): 29-41.

[4] Karaboga D, Basturk B. On the performance of artificial
bee colony(abc) algorithm[J]. Applied Soft Computing,
2008, 8(1): 687-697.

[5] Pan W. A new fruit fly optimization algorithm:



% 8 H

HAE F: FEF Kow g 6K K AR B B R ok ok

1653

(6]

(71

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

Taking the financial distress model as an example[J].
Knowledge-Based Systems, 2012, 26(2): 69-74.

Yang X S. Flower pollination algorithm for global
optimization[M]. Berlin: Springer Heidelberg, 2012:
242-243.

Salgotra R, Singh U. A novel bat flower pollination
algorithm for synthesis of linear antenna arrays[J]. Neural
Computing & Applications, 2018: 30(7): 2269-2282.
Nabil E. A modified flower pollination algorithm
for global optimization[J]. Expert with
Applications, 2016, 57(15): 192-203.

Zhou Y, Wang R, Luo Q. Elite opposition-based
flower pollination algorithm[J]. Neurocomputing, 2016,
188(18): 294-310.

Draa A. On the performances of the flower pollination

Systems

algorithm-qualitative and quantitative analyses[J].
Applied Soft Computing, 2015, 34(9): 349-371.

Ram J P, Babu T S, Dragicevic T, et al. A new
hybrid bee pollinator flower pollination algorithm for
solar pv parameter estimation[J]. Energy Conversion &
Management, 2017, 135(5): 463-476.

Abdelaziz AY, AliE S, Elazim S M A. Flower pollination
algorithm to solve combined economic and emission
dispatch problems[J]. Engineering Science & Technology
An International J, 2016, 19(2): 980-990.

Sayed A E F, Nabil E, Badr A. A binary clonal flower
pollination algorithm for feature selection[J]. Pattern
Recognition Letters, 2016, 77(9): 21-27.

Yuan X, Cao B, Yang B, et al. Hydrothermal scheduling
using chaotic hybrid differential evolution[J]. Energy
Conversion & Management, 2008, 49(12): 3627-3633.
Zhang J, Wang J, Yue C. Small population-based
particle swarm optimization for short-term hydrothermal
scheduling[J]. IEEE Trans on Power Systems, 2012,
27(1): 142-152.

kS, et S, S KK RGN
B2 (10— SO R B D). R S P, 2011
26(3): 407-412.

(Zhang J R, Long J, Yue C Y, et al. A modified particle
swarm optimizer for short-term hydrothermal scheduling
with cascaded reservoirs[J]. Control and Decision, 2011,
26(3): 407-412.)

A, DB, ARGE, & TR I Rk
KU I AL T B AT T (0], D R G IR S
2015, 43(9): 54-61.

(Hou M J, Luo C H, Wei L J, et al. Study on
short-term hydrothermal scheduling based on differential
evolution[J]. Power System Protection and Control, 2015,
43(9): 54-61.)

&, R, FLEAR. T 07 L A B
LA HTIK K I R G2 H ARG (3], o B H AL
TAESAR, 2013, 33(4): 53-61.

(Guo Z Z, Wu J K, Kong F N. Multi-objective
optimization scheduling for hydrothermal power systems

(19]

[20]

(21]

(22]

(23]

(24]

[25]

(26]

based on electromagnetism-like mechanism and data
envelopment analysis[J]. Proc of the CSEE, 2013, 33(4):
53-61.)

Feng Z K, Niu W J, Zhou J Z, et al. Scheduling
of short-term hydrothermal energy system by parallel
multi-objective differential evolution[J]. Applied Soft
Computing, 2017, 61(12): 58-71.

B, FEh. BT 2 AR Z A IR KK
B RGN BE 7). B RSk 5%, 2011,
39(22): 90-97.

(Qin H, Zhou J Z. Optimal hydrothermal scheduling based
on multi-objective cultured differential evolution[J].
Power System Protection and Control, 2011, 39(22):
90-97.)

Yang X S, Karamanoglu M, He X. Multi-objective
flower algorithm for optimization[J]. Procedia Computer
Science, 2013, 18(1): 861-868.

Salgotra R, Singh U. Application of mutation operators
to flower pollination algorithm[J]. Expert Systems with
Applications, 2017, 79(13): 112-129.

Nwulu N I, Xia X. Optimal dispatch for a microgrid
incorporating renewables and demand response[J].
Renewable Energy, 2017, 101(2): 16-28.

RARE, 1, BT ROl 2 20 R KK K ) &
%% HARBENLIEEEAR A (7). o [ B AL CRE AR, 2011,
31(25): 26-34.

(Wu J K, Tang L. Multi-objective stochastic scheduling
models for hydrothermal plants based on fuzzy chance
constrained programming[J]. Proc of the CSEE, 2011,
31(25): 26-34.)

XS, BASL A, XIMR B, A, TR CVaR PR 17K K
HLARGEREHLIR L2 H AR UL (] sRECA, 2016,
40(5): 1447-1454.

(Deng C, Ju L W, Liu ] Y, et al. Stochastic scheduling
multi-objective optimization model for hydro-thermal
power systems based on fuzzy CVaR theory[J]. Power
System Technology, 2016, 40(5): 1447-1454.)

UK, BIENE, EANK, &8, KK ) R G s
P BEAS R R SR AR J7 V5 D). L0 B 3L %, 2016,
36(12): 115-122.

(Zhang M L, Hu Z J, Wang X F, et al. Practical
short-term dispatch model of hydro-thermal power system
and solution[J]. Electric Power Automation Equipment,
2016, 36(12): 115-122.)

E& BN

TLHEEE (1970-), 55, 3%, WL, WS gES AR 2L

T R G5, E-mail: shenyj@ctgu.edu.cn;

M55 (1992—), 5, W4, NERE BRI RE

AL E (A 7T, E-mail: 657402087 @qq.com;

XIS (1970-), 55, #u¥z, LA 00, AFE RESE.

LR RGN 7, E-mail: lygfr@sdu.edu.cn.

(FHE%miE: AREE)



