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Research on Optimization Algorithm for Operation Dispatching
of New Generation Energy System Integration

LI Xiaozhu, WANG Weiqing

(Engineering Research Center of Ministry of Education for Renewable Energy Generation and Grid Connection
Technology, Xingiang University, Urumgi Xingiang 830047, China)

Abstract : The optimization technology of the complex dispatching model for the new generation Energy In-
ternet system is one of the key technologies restricting its development. In view of the characteristics of complex
dispatching model, such as multi-objective, nonlinear, nonconvex, strong coupling, strong constraint, large-scale
decision variables and irregular Pareto front shape, we propose an algorithm for solving large-scale multi-objective
optimization problems with irregular front. The algorithm uses the idea of divide and conquer to deal with dif-
ferent types of decision variables and constraints, aiming to reduce the search space of large-scale multi-objective
optimization problems, ensure the feasibility of solutions and improve the effectiveness of the algorithm. Finally,
the competitiveness of proposed algorithm is verified by 26 test problems in 3 common sets, and the feasibility is
verified by the optimal dispatching problem of multi energy system with large-scale renewable energy integrated
by the coupling of IEEE33 node distribution network and CCHP system.

Key words : energy internet; power generation dispatching; large-scale optimization; mangy-objective optimiza-

tion; irregular Pareto front
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PR R 18 22 1 27 5 W ) R G AR A 2 [l Sy — A IR B 2 BARUL AR A TR A, BE TR SR P 91 1Y
WAL 557219 (non-dominated sorting genetic algorithm , NSGA-1I) | #4132k | £ H bRk FHEE T (multi-
objective particle swarm optimization , MOPSO)®l  JET73i# 2 HArif L5 (decomposition based multi-objective
evolutionary algorithms, MOEA /D)1, X #6757 AR AN A J= ) i BAG TR GFA8OR , H.E B T/ ) R 82k
AR BE [P FifiE RORRASE ] A REVRT I, REIR IR O AR 2 ReIR REUAHAR SR . 2l DR R BEAILPE R
IV SRR B R PR, PR RIS R B AT . — SR 22 HARARLAE |« AR | RFR G RN A e 2y A
EEIRE) T Z ], s 2 ARy | A2 52 BRSO A D) | o Ig e s k08 | 2 HAR sk
A B AT RIS C SO RN A SO i ke, ) R G SEBRI IR VE 2 2 B BRI AR R, (EXsR
T —FCREIR ZR GE A AL AL I B2 () — Ly 52 2= 1 22 EUAROLAL RN ATIAT BT AN A2 . 9 T 22 REFE A B AR 10 S 4%
X Z R M R AT AR UL R | R B R £ B R S (R Y RS 22 HAR AR R) i 5 3 A 25 i g | F4
J L RIRAEFERG PSR E , LS A 3R % | e AR B A m R e AL, 7EIX BB B 5z
AT A5 SRR A EUEA AN Y Pareto R AR . KA 2 B R AL RBIE s 7E T 33— A R T
AR L T EAT AR R T 9 22 H ARG IR REME S 7 T ARG — 2 oA s ST R, Ae] PRk il A 7 4s il oA e I it

S WS R A PSR A B — AU IR AR Geam A7 I JE TR ALY S B
ET BRI, ARSCHE R TR AT — I CRE IR AR SO IR DR R AR LA AR Fir v i ) 22 FAR

P L (large-scale multi-objective optimization algorithm with irregular front, LMOA-IF). FEZLAIH ST -

(1) LMOA-IFR FH73A ALK IR Y D 3% 1 R 2R 4 AT AL, FENCSIUEAR AR S AR R
FOCTERELF | W SIGH RE PR figt i S A g 7 A AU 7 205 TR 23 A AR G2 B A AR >R HIIGD-NS (inverted
generational distance enhanced)fE bR S4HFH R RS VE g 32 2L 1Y PR ERERM ;

(2) FUEHILMOA-TF 38 FITE , ASBIFFEAE3 NI ek gk 26 NI R A E B T LMOA-TF7ER A AR
FA RN HTHT T Y 22 B ARILA R R B A SR A I R L3

(3) FFLMOA-IF J TR A L0HL 2R e sl A P8 28 T I8 B2 [l U MITEEE 3379 1 L L M 5 CCHP R Gl & 2 1
B KPR A BRI 22 BRIR AR GE DL AR EE )R, S0k 1 i b R B AE S B ) R G A B2 Tl b i
R

1 LMOA-IFiZH

1.1 LMOA-IFHI4EZE

LMOA-TFR 4316 ALK 3 A8 i RIS AR DG AR 1t 5 43 A P AH AR 43 S A A AR ), eSSl
PR AR A R SOC M RE LS | WS SIGH B PR i it fa S A R A AU G T X5 2R A MR DGR AR A SR
FHIGSR B IGDISARE R FZE MR BER N |, 1207 1k Tk Uk B REAE HA HL S5 AN K i v 1 19 22 B s i)
R U A5 R0 FE L R TP S AR OGS i 5 e A AR A i SR LA R A S, LMOA-IFIY
FERAESR DL PR (55 1). LMOA-TPfE 4 SCHR[15] T R s Sl AR f 73 2, RISk AR J 1)
PACTRBEIGAE LU R JLAS/ N 0 4.

Algorithm1 Main Framework of LMOA-IF

Input: N (population size), npop (No. of selected solution for decision variable clustering).

niter (No. of perturbations for decision variable clustering), Nz (No. of reference point).
Output: Pop (final population).

Pop+Randamly inntialize N solutions;

[CV, DV]—Variable Clustering(Pop, npop, );

Lamda<—Uniformly generate N points on unit simplex;

N

A«Pop;
while termination criterionnot fulfilled Do
. I}Pop@Convergence Variables Optimization (Pop, CV);

[LamdaR, A, Popl«Diversity Variables Optimization (Pop, DV, LamdaR, Lamda, A);
Return Pop;

o oA W
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1.2 WS R T E MR
PR DGR REORARS , LMOA-TFAIHFINSGA- IT U7 il [ 1 S SHE 16 7 SR R e
FEFP BRI IS 5 T3 IR L b pR S-S R s A R ERBE B A N RERS S TR REI S I B % 15 5 R
FZETARSZBCHE R 9 — DU e I kAR SO U A G e B Sms 5 AR 0 5505 50 11X, 1 A it
PRI AS B RS AU TR] 5 R AU A R T 20 5/ N T AU , SO B T8 5 AR ) ) 20 T 5O
AHEAFNS AR, WZF AU A% . LMOA-TF IS HEAR AR B OLAL SIS WL A Dh AR (3R742).

Algorithm?2 Convergence Variables Optimization (Pop,CV)

Input: Pop (current population), C¥'(set of convergence-related variables).

Output: Pop (next population).

. PFront«Do non-dominated sorting on Pop:

. PDisCalculale the Euclidean distance belween Pap and the origin in objective space;
. SonCVe— @ ; FathCVi—@ ;

. for =1 to |Pop| do

[p1, po]<Randomly select two solutions rom Pop;

FathCVe—FathCV U {F}: end for
. for i=1 W |FarhCV] do
BestP—argming,,PFront& &argming,,PDis;
10. | RandP,.s—Randamlyin Pop;,
1. | son—IWOA(FathCV, iter, MaxG, BestP, RandP s);
12, 7 5onCVe=SonCV . {son}; end for
13. while |[Pkront; U ... L PFront>|Pop| do
14. I;—algmaxxepﬁmﬁPDis,
15. PFronti=—PFront;\{x}; end while
16. Pop—Pkront; U ...\ Plronty,

1
2
3
4
5
6. | F«The one withbetter PFrontbetweenp; and p,;
7
8
9

fii £ 8.7 (whale optimization algorithm, WOA)A B . | SEBEE /D | FULIEREMR SRR, , PR MRS L AN
WS FE I TR RERIEPSO LB AL GASE , N H TR ALl s FRFEWO A A TEANHE
ARCF 4R SR REE ), SEAEERUS IR 2R ISIEE AL, TNTESCER[18] Y F2FIF21 P
BAE BB A WS, XS IEFRAT T4 AR GG R W, ik iy B £ 503k (improve WOA, IWOA) R SEHE WA~

DR (BE3).

Algorithm3  WOA(Fath CViter, Guax. BestP)

Input: x (one search agent), BestP (current best search agent), RandP s, (random search agent),
iter (current iterations), Max G (maximum No. of iteration).

Output: son (offspring search agent).

1. Update 4. C, I by Eq.(1)-(3);

2.if|[4[>A constant

3. \l/ son+—Update by (4);

4. elseif |4|<A constant

5. |§'on<—Update by (5); end if

6. Checkif any search agent goes beyond the search space and amend it.

7. Return son;

)]
oo 2)

l:l—(W—l)xrand (3)
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K Tter, G 23 MZFR MRNEUES B RGEREL, 80, 1)ZRIMBEILEL, & REA, CYIHIEIHA
Falt B, BEEARREH 208 N0, O IRTE R REARZ [ E (HA constant , *§A> A_constantHf #4742 Jm ¥
K, RZ MR Bz sk b MER SR S 5w A e IR &R, i TR sh M HZE 8, B8
T IL(4) (5).

2 (t)—A-Dy

=8 1 o omt) () | DO 0 () =00 = 1) ()

B x*(t)—A-Dy ) — 10 (2" . " _
Son_{ D, -e"-cos (2ml) +x*(t) DO ) () = 1) @

PASCHR 18] 2 B A A P8 FITE 21 98 1k B it £ S0 vk A b el £ 504 ) 3 4 7, X GBI R I I 1.
EI1]E HIWOA R L RE ST BB TWOA , IWOARE T 4f- b P T & SR .
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Fig 1 Comparison of convergence curves between WOA and IWOA

1.3 SHHEXTEMRLKREE

FETPERRTE bR 22 H bRk A58 1k RE A 78 B AU R 5 T8 19 22 H AR Ak I JE 1 75 38 53 A5 Pk R A 4 e
FEOT. H AR SORIFH SCHR [17) 35 B A IGD _NSTRARE W LMOA-TF A I FZE IR RR 0K , IGD NSHEHrAH
FME & Bt 0y I SCHR([17). AR A PEA S AR AL, LMOA-IF R FH—ZH B 4B I 3550 504 B s 0 b
S 548, N TS SRS I R RDEAR A ARV AT I, S5 ZAE Ak B rh 2has A3k B RS2 AR 7
B AHAME . LMOA-IF S5 K282 BB B A M FEIRAESR, FIHSNT AR ARFEDL AL R 2 2 Ak
Pef ; R TIGD NSHE PRI ek B e B SR L &, IF HLRI BB ACH 77 A ) AR B
HNEBEERS AR [ 36 N 5 7% 1 4E LamdaR 5 55 FIFHZE TIGDE B RIEAS 2] F —fCRh . LMOA-TFAY4 A MR SE AR
AR DA 4.
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Algorithm4 Diversity Variables Optimization (Pop, DV, Lamda, LamdaR, A)

Input: Pop (current population), DV (set of diversity-related variables), Lamda (set of initial reference
point), LamdaR (set of adapted reference point), 4 (archive).

Output: Pop (next population), 4 (new archive), LamdaR (updated set of adapted point).
1, FathDVe— & ; SonDV— & ;

2.for 1i=1to |Pop| do

3. | [p1.p2]<Randomlyselect two solutions from Pop;

4. | F<-Theone with largerIGD NS contributionbetween p; and p-;

5. 2 FathDV—FathCV v {F};end for 1

6.for2 i=1 to |[FathDV|do

7. I;on%generate offspring by genetic operators;

8. > SonDV<«SonDV ' gsony. end for 2

9. Pop<—Pop ' SonDV; A<4 w SonDV,

10. [4, LamdaR]+Update the archive 4 and adapted reference point LamdaR;

11. Pop<—Select N solutions from Pop by environmental selection;

12. Return Pop;

55 3CHR[16] FLMOA-TFSA AR 2 , LMOA-TFAE ST NHBAFAE AR A 151 2% 15 5E Lamda R, YH15FHR
B S AR ES G M SRR e Z (] AT AR BE BEA TP, BROR B IR (0 SRk Z 51 , e PR i A IIBT IR B2
S B EOR . FUARZS (8] e A R Y SCANR

g D,
Eij = *[Pl,ij 10g2(Pl,ij) +Pu,ij 10g2 Pu,ij]; Pl,ij =——,PUs; = TJ;CU = Dl,ij +Du,ij (6)

1j %)

A2 Dy Doy RS HARB MRS 4 B s R B EROBEE , JREHRnH AT

M M
CE, = Z ciibly Z Dii;108, (Prij) + Duij 108, (Pu.i) (7)
j=1

f[_nax _ fmin - fmax _fmin
= J ? J i

s e PSS A HAR KA B AR, M HAR RO EER . 201 W BRI T3 B ik 22 ) F) 40 5% B B
2 LMOA-IF;Ms
2.1 EEERERR
MR BIGDIg bR K B AL TS SR SE VIR , IX BIE S H8HRGD (generational distance)5 Spacing
I REPEAN FREE U SME S0 A0 1k, IGDFS AR RERS RIS PEM A BRI SUE S5 0 b IGDITHE AT -

Z min,ep ”p_TH

IGD(P,R) = "<t 7 (8)

L PERIRTFITMIFIRE , RN H S ParetolT T I LIS % ER | ||p—r||ZnFBE P A Ep R 57 5 4
B RPEANSF S IRGIE R . IGDIR T RS pi 8 5 Hgaf S W PR B9, YR E P55 SR i AR
FEREET , IGD#/)N , [RIE Ui AR PEA BT I St 5 oA
2.2 RO

i3 28 M 22 H BRI PR EIOR B IELMOA-TF7E SR i KU ELA AR RV 18 A 22 5 AR DAk 1) RS R 3808
B LMOA-TF 5804 12 HAs# LA T, B 1500 : MOEA /DY \NSGA- 117 PESA-T Y TBEAR? |
AR-MOEABS . ZEMRAr, Hefdt FH3AN 2 8 AR 45 4E , B : DTLZ . WFG . UFSk26M Mm@, T
SCHTEEST LA R BE R RUAS Y S 4 15 22 B bRl , BRIl it i A s B NS Z R B34, HA G
BLFEL. B 5K HE DR SEEE . MOEA /D R4 BREICR FH 5% B TehebycheffpR 4128 | A5itsk 715 il
HOAN | FUEERAEAH0.9 5 IBEATARIA F40.05; AR-MOEA 5LMOA-TFH LRl 2% A4 420, HIM
PR PR A (1 T A A AR ], WERL. BN RN R AT 5217300, L8 SRIGDHE AR
S-HE W2,
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1 NRBEESH
Tab 1 Settings parameters for each test problems
ZP )R Hin %1 E4 935 Gmax ZRE AR AT WSS AR 4320
FOHTVR T
UF1-UF7 2 16 500 (21, 12} (25, - . 2o}
UF8 3 16 500
DTLZ1 3 7 500 {371, crey, {E4} {:C5, oy, m7}
DTLZ2, DTLZ4 3 12 200 {x1, -, x4} {xs, -+, 212}
DTLZ3 3 12 500 {x1, crey ZE4} {a:5, ey ZE12}
WFG4-WFGY- 3 12 200 {z1, -, w4} {xs, -+, T12}
ASFILIU) ATV AT
DTLZ5, DTLZ6 3 12 200 {z1, -+, T4} {z5, -+, T12}
DTLZ7 3 22 200 {1‘1, ey, 1‘4} {1‘5, ey, 1‘22}
UF9-UF10 3 16 500 {z1, 22} {z3, -, z16}
WFG1-WFG2 3 12 500 {121, sty 1‘4} {123, ety Ilz}
WFG3 3 12 200 {1131, ey, :C4} {1133, e, :Clz}
Fz 2 LMOA-IFfsfEEEEMIGDELLE
Tab 2 IGD results obtain by LMOA-IF and five algorithms
Pareto ATHTI [l  MOEA/DPY  NSGA-T PESA-TI IBEA AR-MOEA  AR_LMWOA
DTLZ1 1.897 3x1072 2.677 2x1072 2459 6x1072 1.561 4x107! 1.897 2x102 2.002 4x10~2
DTLZ2 5.130 3x1072 6.759 9x1072 6.508 9x1072 7.849 9x1072 5.024 4x1072 4.813 4x1072
DTLZ3 5.428 1x1072 1.024 7x107™! 7.356 2x1072 4.766 1x10™! 5.283 9x1072 5.183 9x1072
DTLZ4 4.120 4x107' 1.248 1x10™! 9.206 5x1072 7.804 7x1072 1.646 6x10~* 9.189 0x10~2
HL] WFG4  2.366 6x107" 2.662 6x107" 2.8126x107" 3.120 4x10~" 2.054 5x10™" 1.956 7x10~"
WFG5  2.336 2x1071 2.735 7x10~" 2.787 2x10™! 3.175 0x10™' 2.145 5x10~* 2.079 5x10~*
WFG6 2.770 2x1071  3.125 6x1071 3.225 0x10~! 3.258 4x10~! 2.301 1x107' 2.056 8x10~*
WEG7 2908 6x1071 2.775 8x10™ ! 2.824 4x10™! 3.152 2x107! 2.070 9x10~* 2.450 9x10~!
WFGS8 3.102 7x107' 3.623 71071 3.746 4x10~"' 3.382 1x10~! 2.8153x107' 3.017 4x10~*
WFG9 2.979 6x1071 2.785 7x107! 2.725 9x10~! 2.886 5x10~1 2.087 5x10~! 2.175 0x10~!
DTLZ5 3.091 2x1072? 5.429 9x10™% 1.131 0x1072 1.539 6x1072 4.609 1x10~3 3.877 0x10~3
DTLZ6 3.093 8x1072 4.964 8x10~% 1.098 7x1072 2.681 01072 4.265 1x107% 4.284 2x10~3
B DTLZ7 1.274 6x107' 7.489 7x1072 1.355 5x10™! 1.042 9x10~! 6.201 0x10~2 5.745 0x1072
WFG1 3.631 5x1071 2.533 3x107' 2.3729x10~! 2.075 1x107! 1.590 6x10~' 1.423 5x10~*
WFG2 9.532 9x107' 1.906 3x10~! 1.938 0x10~! 2.520 7x10~! 1.723 8x10~! 1.542 3x10~!
WFG3 2209 3x107! 1.022 2x107' 4.137 6x10~! 3.797 3x1072 1.268 9x10~' 9.523 3x1072
+/- 0/16 0/16 0/16 2/14 3/13 0/16

MFR20T 15, 10~ EA BT T AR R SR A , LMOA-TFA8 1 H 54N R b 8028 ; DTLZ1 . DT

LZ4 . WFGT-WFGORE BRI B B A 0R , (H220EH0)N, SR B LMOA-TF AR-MOEAZE L i i i [ #1)
L SR e v (0= D O N I T AR T B S £ 37 SO = W= RV 2 | 22 R N N B U2 g LT e = W g
SURE T SR EAN FL A B B4 . (Egie I HA BRI AR v il sl DR R, AR LMWOAXS /- MR
MR E Y, 195 TERDTLZ6 . WFG3LAZMAN LS b 8508 , UhBH LTI BT 1 2 AR R SR s RS B
T b S B AR = D A DG 2R, DT i ik i A

SR EHE X L LMOA-TF 5 fE , 2 0 FHLMOA-TF 38 i ParetoRi ¥ 1 -5 £ L2 H AR MOEA
/D NSGA- I 153 2[FrF XS LS. IEI2RT AR, 35T 2 B bR b AU e DR U () Z2 R4 7 T S5 NSGA-
A EA LY, X T4 45 RIS (UF3 . DTLZ2 . DTLZ4)MOEA /D] LIRS 145 5 Hh TE
A B RER A AR 2 B AR R R SN, BlE DR AR m 2 B AR N, A R s [ 2488
Ft, MOEA /DFEUF1 , UF2 , DTLZ3A MR L 14 70 A R AN 5 XEF AR ATy i Rl B D TLZS5 , MO
EA/DICIARIS A S RTIRT . MLMOA-TF WK T =Rk v i3 B ST T 1Y Paretofie LM SE , AR
SEBG AT ANERH , LMOA-TFAER A KU ELA AN FT A T 19 22 B bRt Ak ) S A B A 4.
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3 EHlah

ARG i P S B T LMOA-TFFEfift i L g R GO AL I BE T L A et B9 BEASE Y v &2 2 ) 255X
ARG, 73R AR 3R AT AL B T AR L ()RR B A R R P E A AN TR, (E T RGeS )3
BB T AR KRGV L R AR BT sOREAH .

(1) X TR 1 LR AT AR Ry i1 SR AT B L R4S | 4820 B B o BB A T 29 JROn] LA S &
AL B A AL BT 3R B

(2) XTI R RERE R AR | ikt r B B A LA RS 2SR, AR IR T BORS LA T AL P, #gis el F AR
PRI 2o B RE A RO (F, G R FRIEF 24, GILE(9).

G=> max(0,g:,(X))+ > _ |7 (X)] 9)
e g(X), h(XO)ARFERGEXLH ; m, n W HITAEL. FBliPareto IS 7E fe/ MBI S A
X1 A7 F(x;) < F(x;), Gla;) <G(xy) , WFRIETF (F(2), G(2:))ZBL(F (z5),G(;)) 5
E X2 JEFHENIEF EA .
(3) X FALAY R AR ML e/ M IR BT 295 | LA 2R | AR RE RS AT HFLs T4, AR sl ]
Fiath 2 R AR PRI 205 DUGEE ], ettt A R I e pss o, TR A SRR G0RE | F 5 RS
ot B o R B 1

3.1 fEFRHEEZFREE S 2500
WEEFAH , B E A DEEDBIE R F) , %5 E
PIRGER 104 K B AURA B A 225 , iR 1w

WONE TR eS8, F P Kronfhi gk 2805

~

TR, REAS KBNAFER TR R AL HERE 00 I I I I I I I I
FEOLIHBLAL R AN . RS s RIL il
ﬁ?%ﬁﬁj jC@j( [26] # Iﬁ] ’ ﬂi]ﬁﬁ%ﬂ:ﬁﬁi H/JE Z{ﬁ;%; e Unitl e Unit2 e ——
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Tab 3 Comparisons of fuel cost and emission for optimal compromise solutions of various algorithms
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Fig 5 Convergence for bi-level model
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