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Intelligent Operational Optimization of Municipal Solid Waste Incineration Process

Based on Multi-objective Particle Swarm Algorithm
MENG Xi"*? HOU Qi-Zheng"**  QIAO Jun-Fei**

Abstract Municipal solid waste incineration (MSWI) technology has become the main way to address solid waste
pollution due to its characteristics of reduction, harmlessness, and resource utilization. However, it is difficult for ac-
tual industries to operate efficiently due to the complex composition of municipal solid waste, dynamic fluctuations
in moisture content and calorific value, coupling conflicts in solid waste combustion, waste heat utilization and flue
gas purification. To enhance combustion efficiency and flue gas purification efficiency, this paper proposes an intelli-
gent operational optimization method of MSWI process based on multi-objective particle swarm algorithm. First,
operational index models are established by designing self-organizing radial basis function (SORBF) neural net-
works to achieve online evaluation of operational performance in MSWI process. Second, an improved multi-object-
ive particle swarm optimization algorithm is presented by incorporating regional congestion degree index to obtain
the Pareto solutions of operating variables. Then, the entropy weight method is employed to determine the optimal
set value of operating variables, achieving efficient operation of MSWI process. Finally, the proposed method is veri-
fied through actual operational data from a MSWI plant in Beijing, and the experimental results demonstrate that
the intelligent operational optimization method based on multi-objective particle swarm algorithm can improve
combustion efficiency and reduce nitrogen oxide emissions.

Key words Municipal solid waste incineration (MSWI) process, combustion efficiency, NOx emissions, operational
index model, multi-objective particle swarm algorithm
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(Municipal solid waste incineration, MSWTI) 7E &
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B, AT LS 0 1] ¢ P 57 ik 7 i P ) B[] g
ravae. BRI RH TEEA. E MBI S,
CL R [ N Ahva BE I R s e £ 7 (P B B
20 90 AN, WIEIFA R 51 AR B BOR. VgD
i, (EL A R TG, T R i ] PR A I8 T R
e IR B [E brog #EKF. SR, e T 38 5
JREG Y B 0%, SKF MEREZTT . XIS 3a,
KPR AT REV AN T3R8, B3k TEUR.
PAN T2 56 0 3 O #R AF sf UPRAE & 20 FR 8 18 4T,
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T MSWI i e AL AL, BE 9 S P 4R A
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AP e AR R VDR RIS AR R DR SR A K
EPEVEIEMEALIE . (Selectivenon-catalytic reduc-
tion, SNCR) ZFid 2, M 7 M AN [FIE 7 B L 15 55
X SNCR VERERISZM, LI T MSWI it it
AL, F2 T ERAASN 1% (Computation-
al fluid dynamics, CFD) 7772, Hu %8 &4, 7 #3))
JPHESE et o i RGeS SNCR A%, SREL 1 ik R
7R B AR AN 07 BB S R DA R M SRS B 0T 2 e
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gig 2 M AR AR R SR RREAY)R
g 5 REXS [ AR SR 5 PRAMR B R 3R AT 117 FLASE
P, WEFE T ANERE ROT 206 NOx 2Bt e 52,
2 AR W] A T R C XU A e SR 35 > NOx HETR.
Huai 251 M52 7 — AivRABUAE R AAE pedr o [ 1A 2%
Porngr e b 07 SRR R E A B R SR P ke
Fetk, b TIKE B B R IR
W R IR PR A IR, S 4 T e tE AR 75 5L
SR, MSWI WAL 2%, 18T Tl 242, (st
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DAAE 42 v E U5 e Al 2503 10 IR I B IR 38 AT A
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IR JE R FH 22 B bR 8 A% Bk R A K e A%
AARBOEAT A BEE , D T NOx A1 e
TR M T BRSNS, AR BL S0E T (Non-
dominant sorting genetic algorithm II, NSGA-II)
BRIGIN T HESCECHR R RS9 Smg &5, 8 HLA AL K A
RE AN ERRPEN. SCHR [19] ANBEIREE AL 1847 LA
HIRE R = T7 A3 MSWI K HLT #E47 255
fith, EBUARECHIN CHRLEE By iR &
LSRR NI, I NSGA-IL X H AT
e, DR m eI AL BRARIS AT RUA. T
MSWI i B Ak H bR 52 R % A A%, A4 i)
FABORI 7 18], AH B I - 4R A U o 4
VEBCE TR, 5INE REDUAL BEIE AT DAAE fif 2 8] o
IR, T e R R B 5 0 B A I R R T
Z.0M, FIREE ST R AL AE LI AR R AE MSWI
R b, FEERR RIS 2 S EURANE R E T
ek, T S M i 000 A B0 G T R 1) 1) L. g
5 PR SR EBUASE A5 0 SR 50 (1 AR T ¥k O DR SR 0% T
b 1] R A R AR, SRR AL foh 22 R 2% S5 4
TR Tkl R e, Sy seBl MSWI ks
A7, Fy 3 W B IR B BT VA S R RE LA R
HHgEE. i, Anderson 552 R H 4% M 3 pR A i 22
W2 R SLIBAT AR SR JE R 2 B bRt At B
BRI PR ] P R AR M52 B I ], 35 A i P A SR
2 T SEBL T ] R BE AR e KA A R R b ik 5 /)
b, M ELEAE B, BB (Particle swarm opti-
mization, PSO) BETERE I 1 h A0 2 /T &
AR R EE R, BAR R SOE R,
W T MSWI i A AL e b iR mithlbe
R IFBRAR NOx HETS, SCHR [23] A i 15 peh 22 W)
25457 MSWI RIS AT Fabrtsi 2y, SR )5 it 70 i B
%2 H PR 7 HESIRSRB— IOR be — IR X  F ie 4
BOEAH. Sun 880 7R FIROR 22 ) 48 N LIZ AT 4R
AN RiEN B S i M g A E I E PO VAR AR Y £ - RPN
U AR S B L BOE A, SEBL T RIee O3 A i
RO EIBRTE. Z7 BT, nfa) g 57 #ERA ) MSWI
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TR EIEAT IR, SEB MSWI i iz 1T M
PIFELRVEAN, NG s % e e ks T 5.

2) $EHH T — Rt 2 B bRk T B A S,
SN XA B B FR A b 4 R B kL IR IR 4.,
R R MR, IR MSWI o F2 H B AEAZ & 10
Pareto fifE4E.

3) FIFH L2 1% Bt A A% B i L e A, SR
7 MSWI it #2 H R Joe 2k 26 5 Tt il 224 2 ) 0 ) 4 -

1 MSWI ZZ koA

MSWI iZ 2 &/

CLAE SRS [ R A bE ) ], MSWI 172 3
FLALAE [ PR HERE [ PRIRGE . RAHIHL e 4
DL B, AR R SRR, SR A
18, SRR AE B R b &t 5 ~ 7 REKEE. SR
Ja, 2RI 7 o3 T PR R A 1s 1k A R
W, ST RIEATIANR =SB B, A2 TR,
JRAE Wi PR R 58 K 72 285, FFMT A0y, 38
B KL FERBEB, R 5 R AR AR AR
AARAGE SONE, 7 A R MR < PRI, AT I [i] 2 e
BEAT [ A RS SONE . 28 MR I8 B ] IR 3 N AR B
A DR IR AR [ PR 52 AR, JF HE i A8 e Jm 7 A ) AV
B, BEREd A B i O UHE N R AR AT A
A, A R R AR AR B A WL, R B RE R
By HRe™). BJn, BT E s gy, R R EE
AR R A G MEILIE R (Selective catalytic
reduction, SCR) R4t 54 & L REAH R EME
(Hydrogen chloride, HC1). 4%t (Sulfur diox-
ide, SO,) & NOx S&{5 5, 58 Ul I ALALBE, 52
L5 G HEBOEFS.

N PRAESE e A o [ IR A 78 70 WA be, 8 S A
KRB B N A R SR AR, e
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NOx, FHH TG RH G 2 . ik, e T L%
F A 2 0 DA S BILLE (8] 2 78 70 WA e 1) [R] IR IR NOx
FEBC AF D9 MSWI i F A B EE ) #RAF AR B, —
R RAN RO NI E K 5 SR R R
MR J7 N — OORRT A AL 06 (0 4 S
I PRATISIIR R, HEBN [ PR AE il 2 1R SIS BAE K AL
M LA SN A, BR T IR BEEAI RS
FREE R o> I 58 SRR AN, A B TR i, 3
BRI IR A D 5 B = 2R AL, BRI A

1.1

HEE e — A HE R RIS R AR R,
R UMGE B0 7T DURR e B b [ 2, A 7 o) ik
R, IR R RCR. 45 BRI, @ i xR
JE — R IR R E SR AR AR B 5, W BLIA
P AR AR BE R I F2 ] NOx HEKL
MSWI id 2R ER 1L B R Haik

Za% 1.1 WS, A MSWI i
FEEEAE AR Ak 1) B b & 75 0 G [ 2R A 08 78 20 1) i 42
T, BRI NOx HES, 7T LR A I

min F' = [~ f1(z), fa(zx)]
x = [21, T2, T3, 4]

s.t. LBd S Td S UBd

1.2

(1)

Horf, fr(e) AORBABERCER; fo(x) 1U3R NOx HERUK
FEs 1, o, a3, za WA FORPHEEE . — RN H
WEs — R O E 71, IR D, R
RN RGBT AR E M5 S bR TS, A5 1EAR
BRE M, LBy FR58 d MR R,
UBq R B, BT — S4B [ R AR A
FEAN EZ Y, B, FTEET — %4k (Carbon-
ic oxide, CO) F =% fbfKx (Carbon dioxide, CO,) #
P R pe 0% (Combustion efficiency, CE)®:

Co @)
Ceoy + Ceo

HH, Coo N—FABRIRSE, Coo, N FALIRIKSE.

SR, T MSWI M fEEF 24 &, JELtk.
sl A SF SRR IE, S MSWI W Refifeisfr By
DU M

1) LU S I MSWI it FEIE AT 1 RE RO 46 5
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TELETEN I AT MR A AT — 8 R M.

2) MELLBTH E R AL Bk, MSWI i F2 H i
KEZANRAH bR SRR R, &R m i 592
FERENRETEN R EHE.

3) M AR E SR E AR R (E. NSEE MSWI
MR E RO AT, R — AR E R E M,
PLSEEL 2 AN H bR P R 52 Tt

SRR R ) AR SO I IS AT FR AR AR A
B m AR BRI E R R W e E, DA
SEPL MSWI IS FE AR AIEAT.

2 ETZEFRRTHEENMSWIE
EERERIEMIL
AR T ML 2 F R TR MSWI
SRR R AEAR AL 7 0, S E  — A

CE = x 100%
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WME /R ZIRRN i & DY AR AR J e
ATRA e, DA MSWI ik #2 H A B 3k 5 i
R MR, BAARREWE 1 s, |55, 46
RZEAME R SR e S Rk T a4
R M R 2L (Self-organizing radial basis func-
tion, SORBF) &M%, H-# 7 [ 5T SORBF #f
LM BT IR AL, RS, KB AT fR e A
NVEOY BRI, I N XA P HR A o 2 H ARk T
FERLVE, SR EREAZ &K Pareto R4 )5, FIH
TR E R B 1 IR L BE .

2.1 ET SORBF #HEZMEHBITIEFRERIE

2.1.1 RBF &ML

1% 2 K2 (Radial basis function, RBF) i
2 SR B RO FEE B B 70, S IZ H
TR Tl F g gL ool

K 2 4 RBF M2 M2 (45H, BN R Bk
JZ i AR, 2 AT DA IR

J
§= wj®x) 3)

j=1
A, § 9 RBF M M5, o R

NI, w; NE § AR 4 0 E R BUE, @,
N AN BREZ AR TO e e A, kTR s

|o—c;|?
2

Pj(x) =e 7 @

L, ¢ A DR R ORE, o NE A
B = AP 22 0 I B8 .

W 4 £ 1) 5 2 HUR 2 RBF 48 W 28 P BE Y
FERE. A, A& T —M SORBF #£ M
% B I T 3 RO A 4R T ML 2 ) I R R B KR
ZUUR T M E SR . ARG, RSO — B Sk
X X 26 S B AT R REAE TE CRAIE 2% > K B2 (1) [R) s
IR SIGE . AT SORBF #1484 2% HLAT H
fAi 4548 RAF Iz AL RE, K SORBF 4 M
BHANLIZATIR bR, v DASEEL MSWI I #2128 47 1%
RETEG VP, N Ja BeE R B0k & e 3 S T
S, SORBF £ W 48 A4 i ik FE HAR U T
2.1.2  ELEZIT

WG %I, B2 R o 08 0. LT A I
GRFEARHE N2 5, <348 B i ) 24 6B A Kl
AR Ky

R PR
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b, PACRINGRREAR AN, v, RoREE p DA
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WRJE, FETINERFEAR ky B R — 2T, 4

ky = argmaX{|y1!7 |y2
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g O
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i st LB, < 1,< UB,

1

—> I w
— BRI

VRS

SBBE

AR

ki [ A e i A

1 iy [ R A e i R A RE A ARAL T VAR SR

Fig.1  The framework for intelligent operational optimization method of municipal solid waste incineration process
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WS HOEIT:
c1 = Ty, (6)
W1 = Yk, (7)
o1 =1 (8)

X, e, wy Moy 2RSS — A BRZ M2 T
O BUE AR T, @p, Ay, 70 HIIREAS ky 10
B NI 2 A ) B e

t N2, X T RTA MIZRRE A, oF 5 2 R 2%

7]
e(t) = [el(t)v eQ(t)v ) eP(t)v M) eP(t)]T (9)

X, PRNGFEANEL 58 p MERITRZE e,(t) N
B op MR BRI y, 5 ¢ B 2B g, (1)
FIZMA.

ep(t) = yp — Up(t) (10)
ARG R 22 ) AR AT
[ = argmax||e(t)|| (11)

S5 1R LR AR ZE B K, AR i T M 4%
SPZFEAR S S Re A 2. R, 7% ZE R — R
JEMETTRZFEAR AT 2], DS 2T RE T,
HHEA 2 TCHIIAR O SERBUE R E IR

Ct = Iy

(12)

wy = 1y (13)

i, @y Ay 70 BONREAS TN 1A A S
RBF #1470 [ 98 5 2 $0 m HoAR 1A 41 Vi L
A BE PR, AR IV B R B IR, A AR L
o EMEE, B HITTAR. B, SR
MK EERELE Frigmaen, FREAMHE
TR B AT AR 0, SR A RR R R B HEAT T

Cnin — argmin {diSt(ch cj#t)} (14)

b, dist FoRHE ¢, 5 ¢ p 2 IR .
BRIG, FET o 07 M0 228 76 1O W 06 5 REHEAT

BE:

(15)

FESLE AR A, @I Y o AT DARIERR R T Y
{5 90 Bl 53 4 45 4 L R T 4%
2.1.3 MESHEH
B — ML VI S Ok B, i
FH Z B 32508 9 288 Z 03k AT R R RSN 40 T
W(n+1)=®(n) — (H(n) +M(n)" Qn) (16)

b, WSEOHBRIEAP L, H KRR,
AN REER T RN AR, Q B R E, W 4E
P =5 Z R R M 2% 2 5

W(n) = lej(n), aj(n), w;(n)] (17)

R, ¢, 07, wy TR BRI E TEAE
55 1y VAR B oo i 5 P S P B AL

N T VAT SR 0, W R AR A
N p ANKIEAR TR b (A0, K5 BREE 1 Bt By
p AMBEET-[R g BRI, f1 R Fi:

or = af|c; — Cinl|

P

H(n) => hy(n) (18)
p=1
-

Q) =Y _g,(n) (19)
p=1

FEXT W 28 Z Bt AT 58 n ORI, 28 p KR
ARTRERE b AR TR g tHEADT:

by (1) = 3, ()3 () (20)

gp(n) = 3, (N)ep(n) (21)
K, ep(n) A p DMFEARTEL n RIS I HA R 46
oy, SNSRI §,(n) FIZEAE, j,(n) NHERT LA &,
TER:

ep(n) = Yp — p(n) (22)
o [Oep(m)  Oep(n)  Odep(m)
)= Gesty 7 Byt Bwy )’
(23)

23K BITRBL A K454 B R 22 2T R FEI, SO-
RBF & W2 i g e il KRBT 1R % (Mean squ-
are error, MSE) 1A /4% % SR B, tHEL 40T

P

1 N
MSE = 2 Z(yp - yp)2

p=1

(24)
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2.2 EHT MOPSO-RC EXHREMUIEE

221 ZERKRFRALER

ER HAMLAL I R, R R —, @
Al DL T B R T Rk . AT 2 B AR
el @, &AS B bR [BAH B2y, — A HArit e
(R4 A AT DA 2k oAt H AR PR BE AR, ANAFEAESE
F A H AR RE AR S B AR R . PR, g vk 2 B bR
et i AT 2 FHR— HIAED RIS A —Pareto
fil£E.

% HARRLFEELAE (Multi-objective particle sw-
arm optimization, MOPSO) & ikl i SR 175
52 A% [A] v (1) 8% 3 FAH L5 M AN BT U s (0 i
MO E, e R TP IZIR R, T4 Par-
eto . MRIES, iAW FE”, =4
MR R BN 2R R g, q (i), —DRERLT
AT S B AR pi, o (it), SEHTERMS DT :

v, q (it + 1) = wu; q (it) + ciri(ps, a (it) —

zi, a (i) + cara (gi, 4 (it) — 2z, a4 (i) (25)
zi,a (it +1) =z q(it) +v;, q (it + 1)

A, v a(it) Flo; g (it +1) 5P T i 7EE it
URANE it +1 UGN BE L 71, o 2 0~ 1 Z I8
BENLEL w FomBIVERLE; ¢1, co WEIRTS 23 a (it)
2 g (it +1) RoRbLT 0 FES it IRFIEE it + 1 Ik
IR A7 &

G [ MOPSO 171E 5 Fa N Jay B B AIe F ik 4
NS MSWI R REMALIZAT, A8 7 —FhdE T
DI 3% B2 1 2 B kL7 BE UL BV (Multi-ob-
jective particle swarm optimization algorithm
based on regional congestion degree, MOPSO-
RC), SRR B ) Pareto 4. SHIEIAE I
K 3 fron. MOPSO-RC Sk stitin 2.2.2 5.
2.2.2  HGRICTPEERES
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Fig.3 The flowchart of MOPSO-RC algorithm
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Table 1  Basic information of experimental data
AR EEREe| AL
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Fig.5 The results of NOx index model
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Table 2 Accuracy of different index models

. NOx fhhrfi iy CO JE bty CO, Fabri Y

ik RMSE MAPE (%) RMSE MAPE (%) RMSE MAPE (%)
LSSVR 11.2729 7.0716 0.6281 17.8164 0.1970 2.6587
Kriging 10.3483 6.1612 0.5376 15.5635 0.1967 2.5834

RBF 11.6462 7.3384 0.5595 16.5597 0.1908 2.4366
SORBF 9.3939 5.5603 0.5368 15.4444 0.1866 2.2523
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* 3 ARBEERAS RIIME L
Table 3 Comparison of mean optimization results
using different algorithms

AFERA L NOx & (mg/m®) MRBERR (%)
FhRIBAT 133.840 2 79.274 0
NSGA-II 123.567 4 84.460 1
MOPSO 121.792 7 83.122 0

MOPSO-CD 119.997 0 84.890 7

MOPSO-RC 113.462 5 85.299 0
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