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Abstract: Under the "dual carbon" goal, the electric energy systems need to gradually develop towards the
way of energy saving and low carbon. The integrated energy system (IES) is an important measure to solve energy
and environmental protection problems. At present, the research on IES mainly focuses on distributed energy,
energy storage grid connection and multi-objective optimization. Intelligent algorithm is an essential way to deal
with optimization problems. However, with the complexity of the model, the traditional intelligent algorithms have
the problem of poor convergence and easy to fall into the local optimum. Centering on the objectives of economy,
environmental protection and stable operation, a multi-objective optimization model of IES based on improved
particle swarm optimization considering three indicators of economy, environmental protection and output
imbalance was built. Firstly, the IES model was established with the goal of optimizing the three indicators.
Secondly, the membership function and the analytic hierarchy process (AHP) were used to normalize and

determine the weight coefficient. Finally, the particle concentration evaluation operator was introduced to improve
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the particle swarm algorithm to solve the proposed model, and the operating results of the system under single-

objective and multi-objective conditions were analyzed, which verifies the effectiveness of the model and

algorithm. The improved algorithm significantly improve the convergence speed and effectively avoide the particles

falling into the local optimum.

Key words: integrated energy system (IES) ; economic dispatch; energy conservation and environmental

protection;particle concentration; improved particle swarm optimization algorithm
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Fig.1 Schematic diagram of energy flow of integrated energy system

N IALE B — H AR T REIR R GG



FHF A TRERE TR RMGE AR AL S BAREILEST

WA AR 20245F H 544 F2

1 [ s A [v) B VR e SR A [ R, AR SR R
— AN XA 36 D) R X 42, DL R G4 U
IORPEFN R G A 2 A B bR, A s Al
FJELLARARIZ T M
1.1 AR

PLTES BUAS S A% FROR A S5 i S 3R G AN Y- A
/NI EBR . RGA C, 32k W v 2%
HC., R C, 4 A ¢, VL S P2G B #5 iz
FFARBU £ € DB A344 B, B

c,=C,+C,+C, -C, (1)
C,= Db, P, (2)
t=1
r P .
Cg ng z( GT,it + Q(,B,z,t )At (3)
=1 Mer Necs
C,= DK, P,At (4)
t=1
T
C,=>f Pt (5)
t=1

b, A R B, N RIR A KR
i AR BIAE AR R B P, B R G I
FL I FL D3R5 P, Qonsa 73 3018 0 65 BEERS 0 15494
SUEEHLEY L AR AR R P B TR M, e 70
B R R SEE AL BRI (07 PR P, o
BRI 1 PR, A P2G A AT 15 Ac e
i BE (A f
MR C, i COHE s, R

C, = Z(Cgirdpgird,b,t + CgusP(ITJ)At (6)

T2 o FEL R i) A R X7 ) AT e HE i
B H0.877 kg/ (KW =h) 5 P, N t BF B TES [ 41
IS EL DO () A L D 2 5 e, RBR S HUIR B R IR ST
HERCR) — A5 228, B 0.22 ke/ (KW -h) 5 Py, Mt
B BOR AR LR i LT

LA AR UR R G S BRas A7 ad B TP AR ATl
i, o8 TR IESIZ A7 5 I Sebe A 7 T, %5 18
ARG SRl it > RS TRE AT
i 250, R OE R EMALIB T CHE, RE )
AP RN

T
C3 = Z(Puuu - Pin.[) (7)
=1
an,t = L(IA,t + LI—H,: + Ly, (8)
P Pﬂri( t
Pin,r:PWT.r 4y (9)
Ner M wid

AP, P, 4850 o BEIES Bk A Th
4*“— ;L(LAJ 7LHA,HLEA,: é}’%”j’ﬂ t Bﬂ“EQFHFI ]ﬁﬁ‘{é “ﬂl“ N EE‘

AT DI 5 M i PR
1.2 AREH

Y A FL Ty 2R - 4 249 SRR 5 ) P % 1 5 B0 A
A FIE KRG RER R U L Z A

D& DRl 4k ik 8

N T
ZZ(nACQAC.i,r + Ny Prcis = Len)=0 (10)
i=li=1

o Que e BFBE ACHR A TFATI R Py, M e B
BLECHI AR H T2 M0, e 73518 AC FTEC /Y
il ZEL

2) IRl 4 o e ik

NoT
Zz(nuuouu.m = Quxis = Qe = Lin) =0 (11)
s

A Quuess 9 e I BEES § B A A PR B A [ Wi 19 24
35 Qi 1 0 I BEZR G255 M (9 F & IR HE 5
M HARE I B PR

3) LI A R s

T

N
EE(P grid,s.t +P PV.it +P Wit +P Glit P gridbt
i=1

Pivii = Prscis + Prapis = Ly )=0
(12)
K P, AT B R G SNBSS T Py,
NI BCR AR OGRS B HL I Py, Rt
A B S i NI K WL it i HL D85 Py, R
I BEER i L SR TR I Py s Prsis, 73901
R e BB i A L S IR )R
4)fERE L R RIA AN
0<E,<E, (13)
KB o o I B AE 4% i il A7 I L B B A
FER A RS N A A it

S)WT ikl
P Whis — P :‘,‘, (14)
0<Pyy, <P (15)

L Py, R e BFBCER i 5 UML) 52 B T 40 1
Py, R e B i 5 LAY S B Hh 0L

6) oAb e 4 1 J7 bR BR AR 2 ME AR i 3=
IRFANTH B

Pi.min < Pi.t < Pimax
5 (16)
Qiin S Qs S Qi
{_BCTAt < PGT,L+1 - PGT,L SBGTAt (17)
_BCTAt < QGT.H— 1 QGTJ SBCTAI

b PO Y LR Qo B i AT
TSPRSE FNG:RVIE SV LNSE 2N RVIE SIS
43



WA AR 20245F H 544 2

ek

B E A TRHETFRILEOEORRE A% S B ARKILEAT

RT3 Qi WENRINFG Py, Py, 35N
25 B ST — I B A P A B TR
Qorer Qorav 1 735 T BE ST — I BUR AL
S AT s Bor R TAE LAY i K TEI AR

2 BA KM

AR HEM LR GRRIE RGBT T 5
ZA~ H bR REC o 45 X s [n) 8 — i ml iz
AT AL AR R B R A R
B XL DI A BB R
HRBEK A AR ALY | H T3k 58 2l U R R 4 R
F14 Ry 48 R X R B P & o ARG AR AL R
FE SR A 7 THERAE 7 50 RS B35 (HIs 1T R vk
25 BB D AN R e L RE T LE i 22 1
il A AL TC T R A

AR SR M Y PSO B XA SR A, %) 22
H bR eRAHA T A B LA O AR PSO SR, 7E
PRUESR B G L, SERE B Hb Al ot 2 e AN [+
B AR X R S
21 ZBfRRELE

K SR B pR B 2 H bR R BT T AR B,
P N — Ak (Ze kSN, #E T 2 B A pR AL
GG — W R A A TR A . H AT, Ao i
SR BE RO — DA RHR AR A R, R
TF 58 N DO ASER ME 2 9 B i L 0 R & A
[, {E 4 RE AR AL AT {5 L 0] A o A 25k A
RSB DA AT S il ) TR PR . R, E A RE
AR TA EUME NS T A SRS
FI T N T I AL R B PE R E . AR
W 2 B R GEAS T T B 1 S R PR AR
IR S I B2 RS T AR

0 &S Biin
(g _gi.mi)

A(g)= (g = i) <& S & (18)
1 g =&
I g=<g
(glnﬂx_g)

As(gi): (g — g ) imin S80S iman (19)
0 &i Z imax

AL AN FRR R SR L, i D K2,
Je & i/ N s & D o R BR Y H AR PR G

ARATRIILE G5 I T 2P IMRAER RS

B HAR PR B Z B G R LB 2%, 5 5
PR A B W RE 3 1 3 BE R R R A, &R
GBI A G B, S XA S B ARl
i )2 ¥R 53 Hri% (analytic hierarchy process, AHP)
oK 7 SR B R BT R, AHP Y RE S A
Je Xt T IR ATl e A A B A AR
Jia) 52 1 g B — TR B )L, o4 24 32 A AIG, AT T
VLT 5 32 50 OCHR HEAT B0 AR A . AHP HAK
BT

D1~ 9B, R B bR L AR

2) Ay 3t P WP R 2 TS

D=[a,l
Horp a; = a,la; (20)
K. D HHNWIERE s a0, 50 0055 i A FIER T A48

PREEEERRSE
3)Z P S — R g . — B
K an R

A -1
cr ="

C'f[ (21)
CR="

RI

P CI— B AR AR 5 A, R RE I e K YRR
M5 CRA—FE 3, — > CR< 0.1 B, I D
AN — SRR AR A5V Y B, A — 3K
P8 — BRI REA I REAL— Bk br

5 M B AE AT K o
4) K ) 90 e ) AR 1o B A T B A, 45 51
LRERE,

JUT ) AR rp 2 Y B B 5 R AN A
A FE bR 2E LIS BL , AR AR ARA E RIS , 51 A
A RBBRE 0.7) , [Rl R AE AN B 34 H A% 66
0,153 34 BARALCE 43510 : 0.36,0.33 F10.31,

A AR BIZE A REIR R GL 0 H bs sR 8, ml faj 4k
Y

C=ec A (f)+&A(fi)+eA,(f) (22)
e, M4 AR BIAE REGA (L) 4 BARi
SR, = 123,

2.2 HUtHFEE (PSO)Hik
221 WMERGE N 1R S

TEAL 8 PSO Bk, I AN . o 38 5 O 8 K
UE R ML XS LB AR TR R L. A
SO AN 2 358 ik vk R o {EL, T A U
i PSO B 1 42 Jm PRy A 2R e ), B A 4%
K, 4 Jay v R DS R DR T, 5 BB M A



FHE A TG B TR L R E A

R A% S B AFACEAT

WA AR 20245F H 544 F2

Wk /DN, E e TR A A TR e B 5 AN
1) 326 D, 7 328 B IR 2R AL 38 T R R . SR
o AR A T R
wn)=o,, +(0,, -o,)expl-k(n/n, )l (23)

K0, 0, 50 58 AT LG R 25 A A5
B, BUE R 1105k SRy 4 il B, 5% 5% 1 AR
AL BUE R 1050 ARG IEARKE 0,0 R
RIERKEL
222 AMAREAE AT

e, B R Bk R B AR R R T
S, AT DA SRR B RO R TR A A o AR
W T R RAE YRR A 1w R, T LA
— 5 R B WA 0 AR A R Y B ARk
JE o v DU R R A R 1Y) T R RAIG X
DUAF T REAR M Z AR T, B A S AR
T . BT LL, PR U BE AN BT RS IR I
2 B kv AN, I HL R AR B3 5 A1
BRI Z R

SRIG 18 2 L HUIARHR BE VPN B, R R T

W PEPPAN R, 55 75 FEORE S R BE RIS 7 2 [+
I, e TR R AR, PN AT
;zp (24)
iy U WP P <y,
(”)"ﬂ)|m,—am>yz (25)

A d (@) R R R R BE N B
PQi,j) kL i SRR R 0 MBI 0%
8 s NRLT EG P, P i) kLT o F AL
=1, 2, 0, Ny Yo S PIASRE T4 O 5 4 10 B ok
FRE

BRI SR F TR BE DA 5 ), BRI AkE
FREEEIG N Tk BT K 7, D/ IME RS
H s, R AR . TER 1 kAR
I, Sl P 3k 107 2 DV R R SRR 3 R A
SR PR IRORE 1 21 % B R, HDRL 38 1 (B 5
TR 1) 25 5 BE AR 2250 VB A& W o kL
H /N B IEFHE Y, U/ MEA UG A )
(B o R EAT BT, #E AT —UGEAR HOTE
W,
2.3 ES[LFE@%I*UIL

e DL b AR SORE R R FEACORL 5 1 5k AT
U, R AR P BEA ., 5 ACKE 1M B PP
B AR T AR A A I A R R A
I AR I ik . 1 2 S ekt PSO Ak

SRR

IR

!
[sammrgnni | BTG

[shrempits | | smnmits |

TR TR
FilE
| feremng s A pmes |
iR AR R S
Y
I oL FE B0 i, i
B R T8 R LA
) — -
Fﬁﬁ(24)’ﬁ(25) %u.l.%ﬂl}??ﬁl@]
HHRORL T 2
!
SRR T3 A Lk
AMKIRRA . 4 AR A
i AR LR MR R
B, B RO
B .

B2 el PSO SR AR i i A

Fig.2 Improved PSO algorithm to optimize the solution process
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