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ABSTRACT: [Objectives] The operation of a heating
system composed of multiple heat sources within a certain
region involves heating load distribution, and different heat
load distribution schemes lead to different revenues.
Therefore, it is necessary to optimize the heating load of the
heating system according to heating demands of users in order
to maximize the overall revenue. [Methods] Given the heat

load distribution optimization problems in a multi-heat-source
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heating system of a heat-supply enterprise, a simulation
model of a coal-fired boiler back-pressure heating unit is
established to determine the thermoelectric characteristics and
energy consumption characteristics of the equipment. On this
basis, with the objective of maximizing the economic revenue
of the heat-supply enterprise, a heating load optimization
model is developed based on grid search optimization
algorithm, and this model is adopted to optimize the load
distribution of the heating system. [Results] Compared with
the conventional operation scheme, the optimized heating
scheme increased the annual revenue by approximately 2.65
million yuan, with a maximum increase of 4.63% in the fuel
utilization coefficient. [Conclusions] The grid search
optimization algorithm can achieve rapid optimization of
heating schemes for multi-heat-source heating systems,
thereby providing guidance for the operation of units within

the region.
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Fig. 1 Heating system structure
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Fig. 2 Ebsilon simulation model of coal-fired back-pressure units

BG5S Rwv - e ] SIS A CIE/ & 1iPRWES
71, BATART UL, S AR TR E 7
RGBS H S AR HAR R IR
R LA FAE R AR AE S5 R, W LR
H, P, RRMCR M O, S8
FUH 5 BT HE AR R ZE7E 5% LAY, 9 2 LA
2 ZEK -

1.3 ARk

AR SRR ) U A RS — B E B IR

i i e K 4 RIS BRI e, Ik

B4 RPPEHAEIE AR E. & URETS B
IR BRSO, BAEEHL- A s b 4 fit
MEE R O, WG A= G R Q,, 4
TSR EN O, CHIHER A ™ 1t IR
TIHFEL) 84.15 m* KRR, AMNWZIR LR
I FH #2214 Ebsilon LAY FEAT A T 5, 15
PRI SN R BB E . FBIEE C BEHtHE O,
AR R
E,=198.40,-1610.8 (1)
C,=126.670,-117.45 )



4 TS BT PIESREEREH X2 RIBEER RGBT R Vol.XX No.XX
R1 BEEENAGERERIEER
Tab.1 Verification results of simulation model for coal-fired back-pressure units
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Fig.3 Flowchart of grid search optimization algorithm
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Tab.2 Comparison of distribution results between quadprog function and grid search optimization algorithm

PR AR VR (vh)

SR/ (Uh) KR LI 2RI TR A 2R LR A . . e
a e o - IR AMEZEA
5 EALAL 5 EALA g HLLE AP HLLH

400 quadprog BRI %L 100 100 84 0 0 116

G 3PR 100 100 84 0 0 116

quadprog P % 100 100 84 0 0 216

200 E3PR 100 100 84 0 0 216

quadprog B %t 100 100 90 0 60 250

000 (B3PS 100 100 90 0 60 250

3 ZREWR

3.1 HROMMRIER

AR IR SRAE 300~800 t/h A #h Ty
FHAT T, R4 PR,

HE 4TI, BEESERTE RGN, A
UGB R E G AL o FL 45 RAE AR . AR 4
RAEs Frr s, XA R G IE 4T SR
IR RgtHE/NT 510 vh B, RS E 2 688
P RV B 2% s AT, B S E MW 28R
Fes BAEHGELE 510~540 vh I, 2 GRS IE
MU K 1 & RS EHL— A FAER Jr LA 34718 31 e KAl

MR, R HIMNEEFAN R B ERELE
540~600 t/hIsf, 2 GHAETE VLA, 1 & EHL-
RIEIPHLA . SNEZER IR B KA R,
KRB AR AN TS s SR TE 600~630 t/h
i, 2 BRI ENLAL K 2 &R SR HL- R AR
MUZH 35008 B e K LA, R840 B AP 2875 b
78 MEERGE KT 630 vhist, 2 G EAMERY EHLAL .
2 BN - R . NI 2RI IR B i
KAPERE, R R 7

PRAGHT 122 5] R A o A e %8, BAR
i 4 KPR 2 TEHE T I 45 G KIS AT I e 4
BRI T % IR EVLA., 5b



6 FAMFSE: ETPRSERRRT XSS AR RGBT RABI R

Vol. XX No.XX

250 AL/

(t/h)
200 [ 300
I 400
150 500
600
=00
FAAS.
x@%‘\ &
" %,X"éﬁ\’ 3
A
> ,ﬁ?@f“ N

B4 ARBRFERTRMBITHTR

Fig. 4 Optimal operation schemes under different

heating demands
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Fig.6 Variation of revenue with total heating output at

different natural gas prices



/XX EH XX

K B OB R 7

TERAR S M AR, ) IX 4 8RBT
BERSRE AT . YRR AN =T 2.85 o/’
W, R AR 1t VR IR = T 240 6, R
SR -R AP HLA B LS R R,
500~800 t/h [ LR X [A] Y, HRAHE TS e LA J2 A1 )
IRYB BN, SR AU RSB - R 34
Bl AL R R B A AT R R, DR B B o
PRI 0 T PR A

345 RAEIE 600 th, RIRSANKE 5 5
2.0, 2.5, 3.0 o/mP I IR A E T . BRIET

JE ML BEI R 22 5 R i A8 4 8RR devs . AU
IR A RFFI A IB AT . Hofth 3 SRIRIE A A TR
m S RBRAMBA R, BRBIMIEN 2.0 5/m’
I, PR i BRI IR EEL -
AL R SMNWRIR . RN
1% 2.5 70/’ N, PR G AR H s BMIAR O -
AT R SRR b .
BRAREMAE N 3.0 o/m i, AP e
FURAR IO AME IR R - R AL
M. R,

R3 BAHREN 600 th B ERASME TR TR

Tab.3 Optimal distribution schemes at different natural gas prices with a total heating output of 600 t/h

B PR (/)
RIS/ - - — .
G AR 2L IR UL AR 28 UL R A —— e
m ) Uy ) ) 7354
HEHLAL RN LA gL " A
2.0 100 100 90 90 210 10
2.5 100 100 90 90 0 220
3.0 100 100 0 0 150 250

322 BRIEM AL
PRIERY R L2 6 - oA 3 S8 HGJRAE M a4 1F

NG . EBUEN 1 800, 2 400, 3 000 JT/t
HEAT VG, Wad b s R E A s Bl i B 7 BT o
ar
3_
Ry
b e e .
=
or —~—12007:5/t\—\\
—s—1 800 JG/t
-1 —e—2400 Jut
—a— 3 000 JT/t
S

500 550 600 650 700 750 800
SR /(t/h)

B7 ARBREGH TR S AR E R IE
Fig.7 Variation of revenue with total heating output at

different coal prices

PN SRS PR LA (0 IR 2 0 1, Bl
N TR, BRI AL 0 2 T 1 BRI
PN AR, BRI ZE A S o (AL 2 2 A i 2
) E ARy HATEAT A 1200 T/t i, AR
T AL (AR B I S 0 27 A1 3 8 AT, 4 2534
TR LG T 2020 i BMIRAR DO SRS R AL
A, HMERIE S BRREHL-R PP TR

o N TEE 2 100 TTA R, AMNEZER A
B VR R RS AL s MR T 2 2 300 Tt
I, PR HIL— A T A WL AL 1 B A 48 0 1
PABEE AL A0 752 500 Jo/e i, A g
B b 0 20 0% 1R R R B R LA . A I B
3000 7o/t iy, BRI AL LB AR, Haik
s o, R 2R 2 R B A
3.2.3 WML

AN 0.2, 0.4, 0.6 7T/(KW-h)BE4T {5,
WAz 2 Bt R R PR AR D G T 8 TS

R PO AL (G W& T Ve e SN ALTEST

7
6 /—
5t
2,1 .
l—S o—o-
2 -
—=—0.2 7u/(kW-h)
1k ——0.4 7u/(kW-h)
—+—0.6 Ju/(kW-h)
0

S(I)O 550 660 6I50 760 7I50 SIOO
B/ (Uh)

B8 ANFE AT i i b fR B R A AR

Fig. 8 Variation of revenue with total heating output at

different electricity prices



8 FAMFSE: ETPRSERRRT XSS AR RGBT RABI R

Vol. XX No.XX

NEH, I BN BB 2 TR -R AR
PO FR AR T e L ZEL 11 AR A 28 5% P 3 RS T
LR i R B 2 8L 438 AT B A 6 AR AT AR 4k
HE8F A, BE&EHBMIE, RESEVANE
GriEie s, ERPROTRTRRERAL. KR
AT IR EE WL A L2 I &5 R B T 40% Sk
H KB, MR 0.2 T0/(kW-h)K, A<
BHL- R BRAR PN I 250 A%, BEE iR
LA U I RO W AR A S AN FE R . AR
HIATIE, 8RR AL AR B P L2E ) A e T
Wezs, DI M N 0.2 T0/(KW-h)isF,  7E & {4
BT 650 t/h PR I USC A BB kAR A 1Y T 8
B o
324 HMEZERINISE AL

HIMEZEVR ST 4 RGP R AT, IR E
AR L R 180~240 JT/t, [HF@BEL 20 Jo/t, WA BE
LR B LU ] 9 BT

461 /‘—_/——’——‘_—*
44F

42}

1‘£ 40 B '/.—-_./"_A—_*—A
R
wE 3.8
=
36f /A———/—k—k_‘
34F

32 Y T

307500 550 600 650 700 750 800
S/ () )
—=—180 JT/t —e— 200 TG/t —+—220 Ji/t —v—240 Ji/t

B9 NRSMMEERMHE T ik b S RER L RF
Fig.9 Variation of revenue with total heating output at

different outsourced steam prices

B9 B W, A 25 950 % O 180 200,
220 7o/t B, WER B g E AR G B A — 3, A
Al il £ 2 [R] (5] R 5 000 TG I AR, AMEZRIR BAR A
AR EMET R E, (H XA ok A R,
FAAL PR UE M BEE  #s 1 T T BRI H AT AN
RIS N 180 JU/LIT, 4 SR LI B 303
B BURAR I BRI RN AR RE . R
SEHL- R HLAL. R . SN ER
Tt 2 220 ToA R, BRAE LRI f
ZE VR AN B s A VR A T &

230 Jo/t I, I U6 e 0 ) A A 22 O R B AN T
IR

4 g

EE X 22 AR R e 7 AR R, d i A
B, AT AR BE N A R, AL H bR R
HHHIEL R KA, RS TR EES B e
— B 8 L IER SR TR IR B B KB VR S G T R
Dl SRS RZIBAT. HARGRnT:

D R PR G- E2AF B IS AT SRR 7R it
P9 5100 540, 600, 630 t/h I A= kg
H AR, ARBUNBESEH LR R AL K 1 i
BRI A HE AR A

2) MHET RS TR, RAMKET
WEAR BB AT T R R FE LT AR T4
265 Ji 70, BREVRIA RECEFETE 1.51%, mefe
T+4.63%.

3) RIREMNHE. A BN ES &t
TRACTT s A e, (HIX Se gz K & JF 4R —
A, AESE R AR P @ O 2 AN TR K R AR AL
DRI 1 75 B2 8 B A0 A 5925 S o B A 2 A KT &R
G0 %5 IR AT 7 FL A 0 o

4) TR F R A A S T 4 R AR ) i
MA@, AR SR T SRR ARG M B, X H
W BRI A TERFREE SR, 5 T oA S

S 3R

(1] BT, E#%E, %M, %. 2T EBSILON fj K

BAF RN G 2 BE A (D], Ll 2R K2 24l (T
22RR), 2021, 51(4): 77-83.
Gong WP, Guan HJ, Li HW, etal. Optimization
of heating load distribution of combined unit based on
EBSILON simulation software[J]. Journal of Shandong
University (Engineering Science), 2021, 51(4):
77-83.

[2] Aminov Z, Nakagoshi N, Xuan T D, et al.
Evaluation of the energy efficiency of combined cycle
gas turbine. Case study of Tashkent thermal power
plant, Uzbekistan[J].
2016, 103: 501-509.

B3] ETA. KB HABT R R TG EIR T R
ARWFFD]. kAt AL IR, 2024.

Applied Thermal Engineering,



/XX EH XX

K B OB R 9

(4]

(3]

(6]

[7]

(8]

(9]

Wang Z J.
energy efficiency and flexibility enhancement of CHP
North China Electric Power

Key technologies research for operation

system[D].
University, 2024.

XA, kb, 0T, 2. 320 MW HLARE G Z H
JITERE AT S N A FE[I]. R E T, 2021, 54(5):
213-220.
Liu S B,

analysis

Beijing:

Zhang J, Wu X, et al. Performance

and application research of low-pressure
cylinder zero output technology on 320 MW unit[J].
Electric Power, 2021, 54(5): 213-220.

KRR, BEHEE, Ryl . T EBSILON IS
FENUHEIA IR B2 52 T BSUE X HE A I M K R LA I RE B2
W[T]. #AEBN TR, 2022, 37(11): 1-6.

SongJ S, Lei XL, XuK, etal. Effect of EBSILON-
based gas turbine exhaust gas temperature improvement
on combined cycle generator unit performance[J].
Journal of Engineering for Thermal Energy and Power,
2022, 37(11): 1-6.

P, KiEZ, EWIBE, . FT Ebsilon HAFH
WA T8 AL AL T A ARG AT 0], #iL T,
2020, 39(8): 108-113.

Luo C X, Zhang H Z, Wang M X, etal. Analysis of
intake cooling system of combined cycle unit based on
ebsilon software[J]. 2020,
39(8): 108-113.

P2, WS, R, 4. 2T Ebsilon #AF 1
A2 B I RS b [0]. 5RE, 2018,
37(9): 10-12.

KeD D, XieYR, ZhaoD Z, etal. Analysis of gas-
steam combined cycle thermodynamic system based on
2018,

Zhejiang Electric Power,

Ebsilon software[J].
37(9): 10-12.
L, eEE, TN, . ARG AE
R DL R DR R ST [J/OL]. R BB , 2025-11-
28. https: //link. cnki. net/urlid/33.1405. TK. 20251128.
1023.002.

TanR, YanZY, Wang S, etal. Research on thermal

Energy Conservation,

economic efficiency of combined heat and power units
coupled with molten salt heat storage systems[J/OL].
Power Generation Technology, 2025-11-28. https: //
link.cnki.net/urlid/33.1405.TK.20251128.1023.002.

F L. BRI Z A I HLAH RIS M BOE 42 5F
PR HT[D]. FHAR: ARAER IR, 2025.

Wang Y B. Economic analysis of flexibility retrofit for
combined heat and power units considering carbon
trading[D]. Jilin: Northeast Dianli University, 2025.

[10] B 55, FBSLAE, WEdm, 5. AARIBCH sl 8 s it

RGP AR R e o IR AL D], AREBh ) LA,
2024, 39(8): 86-93.

Gao XY, ZhengLJ, YuP, etal. Research on intelligent
scheduling of heat and power loads for complex heating
Journal of
2024,

system of a cogeneration power station[J].
Engineering for Thermal Energy and Power,
39(8): 86-93.

[11] FEoRER, ik, = X3, FET PC-GWO [ & il

BRI R G AT AL T )], AReBh ) TR,
2023, 38(2): 18-25.

Chen R J, Cao Y, Si F Q. Research on load
optimization of high backpressure extraction CHP units
based on PC-GWO[J].
Thermal Energy and Power, 2023, 38(2): 18-25.

Journal of Engineering for

[12] 5KAER], PEFR. HT SR EERINLA 2 405

[14] T4, BI85, W, 4.

—_

HAA 4 BT[] IREHLBAR, 2024, 66(4):
253-257.
Zhang D L, Pang C F.

distribution of multiple heating modes of unit based on

Research on optimal

bird optimization algorithm[J].
2024, 66(4): 253-257.

SR, MEZEBE BERERE, A, TR THELRZAL
AR AR & Pl U o AR AR (0] BT,
2025, 54(12): 94-101.

Wen J, Shi H B, Xue K K, et al. Optimization of

thermoelectric load distribution in coupled multi-unit

Turbine Technology,

heating modes based on particle swarm algorithm[J].
Thermal Power Generation, 2025, 54(12): 94-101.
BT HOE AR FVE K P LR
B R 58 A AL 73 BE SRS BE L (0], 3h 7 TRE 24k,
2023, 43(11): 1515-1522.

DingH, HuH, CaoY, etal. Research on load optimal
distribution strategy of combined heat and power system
based on improved gray wolf algorithm[J]. Journal of
Chinese Society of Power Engineering, 2023, 43(11):
1515-1522.

(15] %, BRH, 2R, 5. ETRERENZIEL

PR % R g A 2 BT VA, TREELR,
2021, 39(2): 185-188.

LiJ, Chen L, Li HD, etal. Optimal allocation of
complex thermal and electrical loads with multiple
models and multiple heat sources based on genetic
algorithms[J].  Energy Conservation

2021, 39(2): 185-188.

Technology ,

[16] 2250, Zoakak, xI&E, 2. Syl

FR A7 A AL AR 7 BE DT R[]
303-307.
LiMH, GuoLL, LiuL, etal. Load optimization

REEHLEAR, 2025, 67(4):



10 FAMKE: ETREIFREERET XEZ ARSI RGEB TR Vol.XX No.XX
A 7E(1982), F, TR, BT

HomoN A LR R HEA B,

18566369031@126.com;

distribution method of combined heat and power units
with  multi-stage  extraction  steam[J]. Turbine
Technology, 2025, 67(4): 303-307.

Wk HEH: 2026-01-08.
BEEIER: 2026-04-09.
EZ RN

WA (1989), B, 4, @I,
B 55 77 1) g i Tl F 9 BE ek
tuyaojie@hust.edu.cn;

T (1983), 5, s LRI,
L0V T 5 IS NN B < R P A
360642293 @qq.com;

KT (1971, L, ML, HR,
WA T AR RGN AL, zyp28]
7@hust.edu.cn,

XIIE K (1971), %, mg LD,
WA 5 oA AR S B, pwplyt@sina.

coms

VEEAR(1977), B3, WL, LT (RIIHE )
FEG, BEIETT Mo R G,
43279998@qq.com;




