BHSRE

Control and Decision

THREER TEAEHLSMBRMERSE L Hirthik
Bk, Mk

FIHASC:
FEWHE, B 7R, A R T B SUERRA I IIE R 5 2 AR #5565 PER, 2020, 35(1): 195-204.

TELEIREE View online: https:/doi.org/10.13195/j kzyjc.2018.0596

BT BRI A HAB S EE

Articles you may be interested in

HL T BERUASE IR PREINA% 1 B4 5 RS KU 2 A B F T SR eI A
Optimization and scheduling of power system stochastic model predictive control based optimization and scheduling for power system

with large scale wind integrated

PR 5 U5, 2019, 34(8): 1616-1625  https://doi.org/10.13195/j.kzyjc.2018.1418

BRI —— A TR REEARTE R I RGBS R
Smart energy—Applications and prospects of artificial intelligence technology in power system

Pl 5P 3K, 2018, 33(5): 938-949  hitps://doi.org/10.13195/).kzyjc.2017.1632
SEIES e B AL A% e iR K (RS

Optimizing many—objective problems with interval parameters using set—based evolutionary algorithms

PRl 5P 2018, 33(12): 2213-2217  https://doi.org/10.13195/).kzyjc.2017.0938
TR TRI 2R 13z i 5 A AL BRI A 7 B i i

Coordinated scheduling of transportation and production on batching—machine with tracking time constraint

Pl 5HK. 2017, 32(6): 995-1000  https://doi.org/10.13195/.kzyjc.2016.0489
WHT2% s 2 Hbrk 7R

Reference—point—based particle swarm optimization algorithm for many—objective optimization
PR 5 P9, 2017, 32(4): 607-612  https://doi.org/10.13195/j.kzyjc.2016.0387

ZRMGHOHE R Z ARk TRk

Improved multi—objective particle swarm optimization algorithm based on multiple strategies

Pl 5HK. 2017, 32(3): 435-442  https://doi.org/10.13195/j.kzyjc.2016.0091
FHITENRR) 2 H AR AR K A SR it O 12

Multi—objective optimization model and its evolution—based solution for gesture segmentation problems

PR 558 2017, 32(1): 100-104  https://doi.org/10.13195/j.kzyjec.2015.1159
BT B BRI BRIARTEZH U R 55 B

Cooperative task scheduling method for agent group using robust multi—objective optimization approach

P 53R, 2016, 31(11): 2045-2052  https://doi.org/10.13195/j.kzyjc.2015.1573


http://kzyjc.alljournals.cn
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2018.0596
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2018.1418
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2017.1632
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2017.0938
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2016.0489
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2016.0387
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2016.0091
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2015.1159
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2015.1573

55 35% 55 1 £ % 5 x K
20204 1H Control and Decision

NEHS: 1001-0920(2020)01-0195-10

IREEZETEFRERRABEBKMEREZ BRI

#urik, B AT
(FRAeK2 HH TR 25, B 200051)

W E: AREESETRRIR R A BRREHF N 2N EIEFHZA R RS, AR E DK
P b T D RER TR B2 0 A 1) R %5 58 ) 2 UK 3 1) B VR TR SRR BRIRAN A% LA BEATLPE, JE B AN AR 2 DA E 1 2
F s/ MG B, NBENLRLRIAN 22 B FR 00 B2, @ r s SR B UL R R AR PN B 2 HARBENL LRI, 5 T
I (1 SR AR AR, 32 H K 2R PE LRI F4 5th 5 Benders 2 RSV A 45 &, AT SR A3 2R SRS 2 3L BB IR R SE 1) Pareto F L
fil4E. 150 2 A7 HR il Ik CPLEX 144 3R A, % LU 43 BT AS TR BEATL PR 32 06} B pE Ak iR S AE AL Ak R 40 0 2 Pl DA R Sk
FHE R B, 45 R T AT R A R DA S BT R S AR A W DA R e e A SR v A
KRR EVUERE; ARG ABETEME; VAR Benders /M fF5%; Pareto S LAFAE

hESHS: C931; TKO1+9 XRkFRERE: A

Multi-objective programming for building clusters combined cooling,
heating and power system under uncertainty

CHU Xiao-lin, YANG Dong'
(Glorious Sun School of Business and Management, Donghua University, Shanghai 200051, China)

Abstract: To achieve the energy consumption reduction of buildings, the energy operation strategy of combined
cooling, heating and power (CCHP) system, thermal storage and battery shared by buildings in the building clusters is
addressed. The energy demands and energy prices are stochastic, and each building aims to minimize its cost. The
stochastic programming approach and multi-objective theory are applied to formulate a two-stage multi-objective
stochastic programming model. In order to obtain the Pareto optimal solutions, the LP-Relaxation and Benders
decomposition algorithm are adopted to solve the energy schedule model with high solving efficiency. Finally, the
mathematical model is solved by CPLEX software, and comparative studies are performed to evalute the effect of the
different stochastic parameters on the optimal building cluster total cost and every building cost. The experimental
results show that the hybrid algorithm is effective for solving the optimal model and the multi-objective stochastic
programming model can significantly improve the accuracy of the optimal decisions.

Keywords: building clusters; CCHP system; thermal storage; stochastic programming; Benders decomposition
algorithm; Pareto optimal solutions
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H.

5) HhZ R
N
Ebc; /mue — »_(Epbf, + Eghi,) =0, V&, (26)
=1
N
> EbI;, — maEbdf =0, V¢, 1; (27)
=1
Sbet + ShdS < 1, Ve, t; (28)

ubcpminSbet cap,, < Ebcf,i < ubcpaxShetcapy,,

Vet (29)
ubdyinShd;capy,, < Ebd;; < ubdyaxShdfcap,,
V¢, t; (30)

(Ebc§ — Ebd$)At — (EbS — EbS_,) =0, V&, ¢; (31)

meincapba < Ebf < meaxcapbaa V&, ta (32)
T
> {EbIf, — (Epbj, + Bghj )} <0, ¥&,i.  (33)

t=1
7 (26) Fom HIb 78 H A SR PR LR SR H T 0K
FLBILZE 7™ A 110 R R MDA FELIX ) S ) FL g =X (27) PR AIE
T RO R SN 2 T B R E
(] F) e B < 1 X (28) 26 B FELTB AN BE [R] IR Ak - 78 L AT
TR RPIR S 30(29) 2R ¢ B ZI Y LI A7 FRL AR 11
TR ZYH; 2 (30) Fa ¢ I 2 A IR TSR RE I BT
BRZAAG G RN 2 5 ¢ — 1IN ZI BB R 2
6] PR 96 R, At ORAIE 1 78 Ly JSCH 5 47 A B T 7 B
B4 —; 2 (32) R ¢ b 2 it HAF A B B RE B BT
PRZI3; 3K (33) Ram B AL T2 ¢ P A7l 1 FELREANMIR T
PRt [ 12 S U 5 PR T8 1) P, R DRAIEAE BT T 44
W, HERE R G IR T2 A7 il ) FE RE AR RE S L T .
2B B PSR AR B A VL A R
Ecgf,w Eplf,w prf,i? Egbf,iv Ebcf, Ebf, Ebdgz
Eblf,w Eglf,m pr,w be,i? chf,i) thf,ia Qfsf,m

Qtcf, Qtdf, Qsf, Qsc; ;, Qsh; ;, Qebs ,;, QhbS, > 0,
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VE, t,1; (34)
Stct, Std$, Sbet, Shds € {0,1}, Ve, t. (35)
3 ALK

ARG R SRR R AR AR —
NO0-1REREZ B AR R A, 2 A ik 5
1) AR 2 B A7 7E A CEL 52 M RRH L H1) £ 1 96 R, 25 AN
B A —AN H AR, WA B W7 H B B335 5 S8 1
25, Bk, 75 2348 2 H bR Ak in) 7 (1) Pareto #x
M AAREE. 1T REIR 5 SR A0 BE IRAN 4% 9 R BE AL AR 2R
REUA IR 2/ B HUE R AE &, 7] DL BEHLBL A i 4y,
AT B E 1 2 B bR RIS AL AR AT DR B
M ARAGER A AT SRAFE AR, B A 37 st 80 3G, £
TR P SR A RIS 2 B 2 R34 A, 001 SR e B Y 2 %
W L ZERY. 1 3 AR AL SR A R, R B AR A
SRR UL B A G SR AR EE.

AR A AR P B 2 B AR BE AL R K
BERL. SR AE 2 B bR AL 8 i 3L (1) 77 72 BCE AL
N YA DL RO A R AR AR SR OB E AL E
Y25 L B 2 B AR FLRI L A 5 H bR, AN )
BUCE A B H b in) #50f f ff SK 5 AUl Pareto 2
fil 4. 25 FE 258 2 By BORE R LA 2R PR 4 2, SR A
2R PE AL B 7 VR RN R A th 77 7 (LP-relaxation) $4 FL %
2R 42 1 KR B T A D 1) R p R A R A AR 4R
P A TR Ak R VR B B M I RIS Y, B AL R
1) 2 PR R RIS B m] DR B ali v, TR is-5 (S
%+ Benders 73 it FE S AT SR AR, Hodp BT g IR
Y95 A= AN S T A Benders 29 fE SE0VE WA R A2 SR
FR 20 PR S 22 (TR B B R M RIS 2R f A A
k2 —421 Benders 73 fift B35 AT DO AR A AR 2R
I R — A BN R AR T — A 2R M A RIS TR T
KK PR ARABE 2R ) RASE, 33 17 2 e TF 805 BRIt AR 3
K F Benders 73 fift S5 K il 1% 2 H R RAGBEAY, AT
AT TR LR R4k 7 8 ) Pareto S A AR 2E.
3.1 ZBE#HRALE

a3 (1 9 Iy R Bl LR RIS 2R, Y 75 SR A B TR
ks P 2R BE AR B 1045 B R B ER S 5ok RO,
— NG IS N P, BERAE O ~ 1 2 (R BUH, H
MR Z F00 1. J8 3 1% 07 72 0T DA B A LRI A A
RS R s VEA L. T2, H AR BRE (1) 7T BAE: AL
N

feostsi = fee.i + fmes + PefSperations- (36)

551 B DL AN AL T 0 2 F B /M H

P, A SR FH DAL () 7 3250 A ) S AP0 32 e B T Tt

B, B AR, R He L BRE g, 12, H A
PREL(36) AT LA AL i R B H AR pR L

N
fcost = Z wi(fcc,i + fmc,i + P&fogperation,i)' (37

i=1

72 H bR R 37) Y, w; FRon @ RAE T 0 B %
Feosti AL, 0 < w; < LIFAMEZAANL AE
HUE K, Fon H SRR B . 5 5 EE B A S A
H A R AL T RS H 2, AT R w; = 1/N. it
¥4 22 B AR 1] R A D B b 1) 7, AT DA 5 R 5 ) 2%
.
32 Mg

SR EMAGE b 2 5, BRERLRE AR
{1 1 Y B i AT R K1) A5E 28 2 A0 R B E R 1R R A R
A2k PRI (MINLP) A7, Horp Rkt 2 i T 2400
Q2D (22)s (29). (30) IAFTE. N T BEAK KR
ME B, S FH 28 P A AR B 5 00K MINLP A 4 4k iR
A R VR (MILP) BB, DA (21) e A 55 5K
UtemimStes cap,, < Qtc’ 7315”,9[)\’}5%%5,“9‘?5}7%
JELL R

U, < capy, Y, t; (38)
ug, , < MStef, Vé,t; (39)
ug,, > capy — M(1 — Stc}), V&, t; (40)
ug,, =0, V&t 41)
Qtc; = utcmntiy,, V&, 1 (42)

Forp Mo —> R K IESL

] 22, o 2K 21) A A 25 3R BL & R (22).
(29)~ (30) HEAT £& Ak AL B, [R)BE AT LLA: BOAH N ) 2
FEAE, BR TR e, AL AN 2 H A0 5 I 2 R4 F.

2ok 13 B I AL RN 2R M A B R b B
Ja, BT ILE CCHP /48, PAAEAT i 28 B A i
Tt R B ATL A A A5 28 R RT 544k SR S5 A0 1 50 A 8 1
MILP #8585 1 B B H i o oy 20 (37), P& 5 2
AT @); 220 B H AR BN K (5), AR A X
(6) ~ (20) (23) ~ (28)+ (31) ~ (33)~ (38) ~ (42), {5 AL
T HUE 2 5K (34) F(35).
3.3 Benders S fRE

SR, SR R R GRS R AR & B8
LRMERLRI AL, O T i — D 3R R AR %, 5K F Birge
260 1) W i Bt Benders 73 fiff 25 45 4% 14 B0 K #4 5t (LP-
relaxation) J7 V2 3R ff 1% MILP A Y. 285 2 B BR A2 AE 1Y)
0-1 7% & 120 (35) iz, K A LP-relaxation J5 7%, ¥ H
AN

0 < Stcf, Stds, Sbet, Sbd$ < 1, Vet (43)
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Xt T A A A e AR G 00 AR AL 1), A
By Bl AL R R A5 B, AR 4 Benders 73 fi# 0 [ A8, ¥
55 1B Bob R AL 2 1), H b es £l b 2K (37) 08
N

min Z Wi (feci + fmei) + 0, RFALREL PRI K
i=1
(4); BB 2 B BB AU R 1 I, E A oR 2 =X (5) A

> Pew; £ eration, - RRAE RHUE A HAR IR N (34)

(35, B 60 A, L1 6 7 B (9 G
ONT I b R AT SRAR. 505 12 B AR 1, 3
AR 2 1k 256 A2, U A DT 1 2 i R B 1 7 T
B AT AT 1, B S R

0> {r6;BEgm + x93 ,El; , + 716 ,Qc; , + 175 ,Qhf , + (w407 + w457 + w505 + 7557 ) (— M)+
&ty

(7385 + w405 + w435 4 w455 4 w485 + w505 + 7535 + w55 + 12415 uSmin + 2425 US max )cAD,+

7585 + 1605 + 7635 + w655 + w685 + w705 4+ w735 4+ 7755 + 73215 ubmin + 73225 ubay )capy, +

(
(

78} Capyg, + T137capy, + ml4cap,, + w155 capy, )}, (44)

> {76;Egm + 793 ,EL; ; + w167 ,Qcf , + w175 ,Qhy ; + (w405 + w457 + w507 + w557 ) (— M)+

&ty

(7385 + w405 + w435 + w455 4 wd85 + w505 + wH3E + w55 + 12415 uS iy + 72425 US ey )cAD, .+

(

(
o 2 B2 TR A% A 14 A, 451 6 R g
LY AAE (6) BN A8 B 75 B 36 ) 110 2 w2415
72425\ w3215 3225 4 BIAR KL KA (24) R (32)
Fe A RIS R AR

Xf ¥ b i SRR A8 R G0 Ak i) e ) B
PEZ H bR 2 1t MR, >k F Benders 73 i X He kAT
KA. AP AN B B0 5% P 4 R 1) g SRUAR B 9, B Ak
ARRIE.

WA R FE TR E L G w, = 0.1, we = 0.9.

Step L IKE T = 5 = v = 0,7 s~ v TR ATIT
FP A2 S P AN L BB ARIRAL

Step2: 2 v = v + 1, KRB B AR R EUE 2 1
B BRIt RS, 20 R A% A v G I R AT 81 T (45),
AR s I 01 11 3K (44), 15 H AR AR (cap,,, 0Y). 5 1IE
I A B AL - A0 R) A7 P i, 2 0 = —oo, 7E
W R LS AT T I URAL cap A

Step 3: F| bt cap HUE & 75 7856 2 [ BoA Y (1) AT 4T
BN, A, I AT P, 2 r = ¢ + 1,53
Step 2; 4 7E, W %% 3| Step 4.

Step4: X THNFE € =2, % cap? HRNE
2 B, HET SR A2 20 H A bR EUS 128 2 B B It
RIS, A5 Az B B Y 1) fie. i — 22 W 1) 45 6Y
AR 44, M4 s = s + 138w AR H1-F 1, 12
5] Step 2;2) #5 6 i 2 3K (44), MR LR, 15 H %A
HHAA T HEIM. ARG, RS FRINEH S
wy; = wy +0.1, wy = wy — 0.1. FHwy < 1,4 Step 1,

7585 4+ w605 + 7635 + 7655 4+ w68 + 7705 + w735 + 7755 + 73215 ubpmin + 73225 ubpmax Jcapy,,+

T8;cap,,, + m13icapy, + mldcap,, + T15;capy.)} < 0, (45)

SRR w, = 1, &R, B AT 45 Ak
FHTABEHE T 1 Pareto s LR 4E.

4 HEISHT
4.1 EHERSKEE

A SR F CPLEX KA AT H 7k 1) 458 B 5K i,
SIS I AR P IS AT I B M BN 4 4% Ak PE 2% -2.20 GHz-
Intel-Core-i5, N F 4 G. LA SCi#k [18] A 3€ [F IF F1) 2 7R
0 R P 19 A S S 5 T 2 1 S SR R B S S
TR T H 5 K R 24 /NI BOE AR Sy St Bodis sk
BT = 24, N = 2. i F 0 B REATA RE
0 75 SR 543 7 4n 1 2(a) A1 2(b) BTz, K #E 1 75 R
0. BEAR ABRBERRAS PSR R A N, S SURE TE HL AR A
RE AN HEE I 75 5K &2 A)AH L7

AR B TR S ) RS TR T SR AN AR TR AN AR M B
LR 2. AR 7 SR AL FE L RE 75 oK V8RB 7R oK DL S #4
Re 5 oK. HHSCHR [10] o], AN RSR BN, =& & H
RMNIEZS 240 ~ N(u,o?), 7 Hi e 1.960 =
20 Yo, o B 2 W L5 I BUE. BEVR I A% (BLHE
M FRRL T 4% BE A T 3 1 A8 B T R AR 2O, R
R 51 43 AR 1O G 1 TR, WA LA 2 Bl
AN 2% PR R W36 2 Fir R, B &% B
B A AL TE ($/kW) FITTS ($/kW), 1 45 4E 37 B4
FAS AL 45 ME ($/kW) AT MSS ($/kW). % 45 B 2 50 I,
3. HoAh 2 HUE W B utcmin, utdmin, USmin, UbCmin,
ubdumin, UWbmin A 0.1; utCmax, Utdmax, UbCmasx, Ubdmax
90.5; USmax, Ubmax /90.9.
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z Fron. R4 UL T AR SCHE 0 5 BT DU i Y
% SRR, T LA T BRI AR R . Beeh B B RAE
tE . e oo s
3 JR R E 70 AR AR DL R BENLA= AR 1, HR R AN 5
E 2 e RO
1 [
0 5 10 15 20 24 F4 cascd EREHEHT, BRREMER L
THHE—K 24h
(a) HLEEFKR 78 %13
fohr LR
30} —— EHETF] 5 10 30
5 V[ 2 |
= SR 7102 14202 42602
ﬁg 201 LA VR AR a5 5768 11528 34568
=
<t 10y BHESRE(CPLEX)  88.62 1208.76 3742.58
0 RIS onders SRAERIE 541 1087 2693
0 5 10 15 20 24
7H 3—K 24h BPSRME(CPLEX) 2429 2411 23.17
(b) AHEFK SRR /S Benders /MR ELR M 2424 2403 23.09

2 BFHFTAR—R24hARIEEIRER
®1 BERNENS0E

RESRANKE/S Y5154
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®2 REFBMNBERAE S/AW) YRR ($/KW)
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*3 WEMESH

Mpgu  Mp M6 Ne Mh  Md Mbe Mba 7/% N

697 051 09 07 085 095 09

HRAE FoR g g (R AT RIS Y, mT DA G 43 A il
BLIRREDE 75 5K BEATLI REVRAN A% « 19 5 (] INF i AL GT 2
PUERF UL RE R G LAk PSR s i R B2 Rk, Wi DA
T4 528

case 1: ff & TR, R Y 75 SR A BE YR M 4% LAXIMAE
R

case 2: REJR 77 SR ABENLAL &, IR IEA 730

case 3: AE IR A A BEHLAZ &, IR 38 &) 4311

case 4: BEVR 77 SR AN REIRAN 15 35 0 B AL A2 £

DA case 4 491, Bor uE AR SCRVE N T e SUAE R AL R
RO ) A V. A S AR A
[Fl B (BCEE ZH 4524 (0.5, 0.5)), 7E37 508053 5128 510,30
% B B B K F CPLEX K4 5 K FH Benders 73 i 5

0.9 3 20

42 HEISHh

FH T I AT 0, 5 T 2 AR B A AR R A LA
B AR SRR R B B T R AR, i — N
T RS AE & BRIV N [A] N SR A5 AR R (L R R G i
M 57 SR, 5 LA I U S M IR B SR ARHE 2 3 B
#. 1 case 4 FEALE 54 (0.5,0.5) I, K3k 15
SN ~ 50 AN BAR A T B A4 H br ek 3, 25 3
I3 Fros. B I3 a] A, 243 s 50K T 30 1), sfii ik H
b R AU 2RSS, R, 30 M35t AT LR IIE
Pl 25 ST 1.

25.0

)
b
n

WEZF1/($/d)
[\
N
()

EHET % H

0 10 20 30 40 50
WA

B3 FEIARET,cased FEH
BFERRERANNEZM
6 B 37 52 0N 30 B, X B 43 B AS IR BE AL IS 25
Xof g IR AR AL e AR G A0 Ak & R I S i AR B R
Benders 77 fift 2 3R #1422 H AR AL ALY, 15 B P
f B 5 1) Pareto f A1 $R 5N 14 9 F T 42, W &1 4 e
. 4 5% 2oy AR B L B R G AE case | ~ cased
T, R SFUAR B I A SRR 55 2% F 11 Pareto S
fife il 2.
N T A I BT R EE A [ BE B R 2R R A Ak
WHRBI R, RS HIH T EH AN 05,0.5) B,
case 1 ~ case 4 1f5 )t ' % 35 42 B¥ & 9 A0 9 > 2 50
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24

case4

YH/A8/d)

22 case3
S casel

80

(9]

RN
\

case2
1820 22 24 26 28
AT 1A T FHAS/d)
4 casel~cased, NEFRIEF
& B 22 B H Pareto B L BAZ

BT H BN, RS LA W, A% EREHLE R
S ) case 1AL R T i 3 HT R AR it 2 14t AN
2 FEBE LR 2RI I B AR A 2 2 P R A A 10, P i
PRIEF. 25 K R 2 WY BEALIK) REVR A% AR EL TRl
HURRRE U 75 3K, 0 2 HUER A i 9 P S R 2 5 K. ok
A, W SR REATL IR 30 2 B R A RO, R
AL RO RE RS, 5 RS BEHLN 2 2 1 it
BB, B AT LA e R S ) HE A

x5 BAESHSBAUKEAKFREER

case2 case3 case4
AR casel i € ($/d)
BEALE /($/d)  AHEL casel /% BENE /($/d)  AHEG casel /% BENLE /($/d)  AHEL casel /%
ST 40.54 41.65 2.7 42.33 4.4 46.06 13.6
AEHEF 1 21.08 21.96 4.2 22.30 5.8 24.39 157
T2 19.46 19.69 1.2 20.03 2.9 21.67 12.9

5 & #

A FEAE REVR 75 SR AN RE IR A5 BE AL A L
BEXS 51N E REHE B @ A RE CCHP R 4Bt A
M1 8, A% B bR BRI 0 s S 7 2 H
FrBE AL RIS A . SR A A A2 1 Benders 73 fif 5
RIS RL AT KA, IEI8 I BEAL A g kAT BA51 4y
A, B e 1R RN S0 A R A SO BE L R 3R
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