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Abstract: The thermoelectric system in iron and steel enterprises is a typical large energy consumer. Its reasonable and
effective energy dispatch is of great significance to improve the energy utilization efficiency, low-carbon development and
achieve the goal of carbon neutrality. Considering that the thermoelectric system involves the interrelation and coupling of
multiple energy media, and the production and the consumption change dynamically with the production plan and the run-
ning state of the main process equipment, a multi-working condition optimization scheduling model based on multi-energy
flow network was proposed. Firstly, according to the multi-working condition characteristics in the energy utilization pro-
cess of thermoelectric system, a working condition identification method based on the multi-dimensional hidden Markov -
dynamic time bending hybrid model was proposed. And a multi-energy flow network model of thermoelectric system was
established based on the energy flow path analysis of the generation, consumption and conversion of energy medium. And
the demand of multi-energy is converted to the demand of steam, electricity and by-product gas. Secondly, comprehen-
sively analyzing the dynamic balance constraints of energy, energy production and consumption constraints of equipment,
and multi-energy consumption constraints, the multi-objective optimal scheduling model of thermoelectric system was es-
tablished to obtain the scheduling scheme of energy. Experiment results on practical production data introduced from iron
and steel enterprises show that the proposed method could effectively ensure the safe operation of the system, reduce the
consumption of coal purchased, increase the power generation, and reduce production cost and carbon emissions.
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Fig. 1 Multi-energy flow network of thermoelectric system in steel enterprises
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Fig. 2 Multi-energy flow network based optimal scheduling of thermoelectric system under multiple working conditions
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Fig. 3 MHMM-DTW hybrid model based feature

recognition of working conditions
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S BE AR, 17 LS T 2350, (SR
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(27
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ngN(Ovz)’ er?"'797 (28)
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rﬂ%@ = (W’A7Blv'” aBlbaZa"' ,Z)%i&'ﬁ: EE

1 "
T2 RS EA I E A8k, Wik IEA TR
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log{ plawsi ) TT plu 13 4)
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AR TO TP BA RSN THEA. Bk, @it
BIASI[E] 25 i (dynamic time wraping, DTW) /7 75%} .
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FERRTT A, WIZEA Ty /2 FINSGAILK AR J 15 31
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B AR SCRC AR D T R B HOR, B S U S ).
RIGIEAZL AR, BRI B B A 2, sk
15—/ BETT A FINSGATIVE NI T ()R M 2R iR
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4 NHSEBHr

AR [ A FER AR R ARl 2 e R G s A
(B4 R AT B AE. 1) % T MHMM-DTW R & 457
FR) T OUARF AR VR 1) D7 VR ) AL R G R R R B A N
FRVES 5 IR L AT LU S, ) S A A ] ]
BN BT A LB LR, P i) T Ak
NI FR 8 2 A 04 1 B2 AR Y SR i — AN 5 PR
LR, G E AR SR HE PP AR SR AN 7 S8 FHE L AR,
X ST IR R G0 2 SR AL U BE RS AT SR,
UEBERY R RO S ATAT 1. IF 52 TOREE R G &R (1)
AR Tl R 7= BRI 2R G FE 77 2(GCBES)! 7 ik ik
7 HRL o, B — P I UER Y. KRS A R RN R
ANV SEBRIE OL, FERE 78 BB R G, B A\ R RE U
I B PR BRI L S AN, SX 3 REIE A
JREIRAE AR L. TEFE R B R i R
ARSI 130 UhiRlT LI B A rl, X 3R

RIP=BHIBE BLR PR BE ) AR 2.
1 & F A AR b ey 8

Table 1 The calorific value of by-product gas and
standard coal

AR HE R
RS 3768 kI/m?®
FEHES 18060 kI/m3

AN 29302 kl/kg

k2 PR IR
Table 2 The rated working range of boiler
REJRA o JAEE 130 vhiRke  E &S

EES/(Nm3 - h™1) 0 ~ 60000 0 ~ 300000 0 ~ 420000
FELES/NmS - h™1) 0~ 10000 0 ~ 10000 0 ~ 90000
ZEK/G-hh 0~70 0~260 0~ 3500

FEARSCHE ) H bR & 20, 25 18 73 I r AR o
RGBT AR W W, A R34 T AN LA
U P, A I B LY, B RV R G B KRR A
H 5 F 70 R R R AR ) HIE N L S R ey
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RGIBAT A B AR R BOEW K m I s FERA
PARANERERIfT A%, W4
X3 pEeh
Table 3 The time-sharing electricity

\ SN
Bt B Bt ] ’
(G-(kWh)~1)
UEETER  08:00%11:00; 18:00423:00 1.28
S B 07:00%08:00; 11:00%18:00 0.87
A 00:00207:00; 23:00%24:00 0.46

k4 BAPRERAR A9 A

Table 4 The price of various energy media

ok

AE BEG/(Jt-m™3) COG/(Jt-m™3) AMNEH/GE- 1)
IR

By 0.21 0.65 550

MR S2bR, 25 G A L R &5, s
oA 7 e — AT PR IR, B 1O /NN FRy i A
BAEAE NN T 8. 8 T 48— WA R A
Ja BTSSR, K — AR B 0 104N B, BRI B
N1 h, RS54 T I BRI SRR DU KR
sk, Kozt 1+ BRCDQI K HL B TRTHIA
LB DA FE T R R B, IR e AR 1 &N B
HAGUZAT IS L.

A5 SEBR FHANBEEAKATRE
Table 5 The supply of by-product gas and the demand
of steam in a period

Bt BFG/(m®h~1) COG/(m3h~1) ZH&E/(eh™D)

1 615330 74943 2246.383
2 573350 72407 2214.387
3 585800 80043 2212.136
4 238736 30404 2216.895
5 314875 1590 2241.622
6 316105 24793 2211.072
7 221886 23850 2145.139
8 295452 15115 2173.854
9 282943 14980 2174.376
10 274517 35358 2196.043

LR G LIS AT A SN AL H 3AN T T AT
TEAHBLH].

1) HSNEBEHFE R 7T

PTG, & ARE R ANEIE LR 2R b
FEAT AN B P Z R4 2 7 2 B, J5 3hHe b 130 vhiid
B B SRR — A IR RR M R R
SRR, Eazs i T AR ETANAS R TR 25 B

HL R S0 T FE AN IR R L 28 . 7E 728V R SR B AT
AP A AR A R RTSE T, W4T LG H, KA
ASCEEST IR, BN B R G RE AN AR 2
B I, TR B0, 4 IR FE £ kb 1) B
% N8.049 t. ALAKJE EEAN JE HH P N R 1D v o D
130.278 t, B RAMRRHEFES FH 1.665 75 7T, 25
RRPAFE TH T EF=ESER TR IR, 53
TATREPEFERI H 1.

2) RHEEMRMIE .

BT RV BRI TRT & HL AR AS 2675 X Hh il B
ZEVR, P EER 25 MW K FRHLZEAI300 MW K& HL
WLZH ) R B AR R, 32 i R Bk Al i F FE 7R
3K, 2 B R HANH Al R SR I, 75 E
FHNFEAT AN HL. AR T 5 — A B R 4
rRER AR AR ZETR L 25 6 R FEATLIR E g 9 A A T
PLB AN e SR 268, TS 2t T AL BT RIAS [
RN A BUR R R G B E I Ll 2R ARkl
FRVR I BT DU 2 2 i A2 A Mk Bt R IR B TR R &

%6 &HATRTALE,CDQALEURC]E
Table 6 TRT generation, CDQ generation and

electricity demand in a period

B TRI/MW CDQ/MW  HiJj/MW

1 43.657 50.767 729.197
2 43.984 54.593 732.214
3 41.285 50.931 727.845
4 41.921 43.998 728.027
5 40.344 52.069 730.421
6 38.921 48.954 723.759
7 42.090 47.896 728.299
8 40.170 51.577 726.514
9 34.172 48.390 725.136
10 40.033 40.083 732.379

kT WP BRBDBAKARLEE

Table 7 The fuel distribution and steam generation

of the boilers
P& IR RALET  GCBES Ak
o BFG/(m3h~1) 542611 502212 429220
;M] COG/(m3-h~1) 15801 14000 10654
FRIeh™h  607.666 549901  471.986
1301 BFG/(m3h~1) 2163928 1973793 1940892
. COG/(m®-h~1) 42478 35848 24980
" ZANth™h  2549.725 2357.109 2219.198
s BFG/(m3-h~1) 1018539 1163408 1348962
i COG/(m3-h~1) 314501 324497 337849
Y ey
i FVE/h™h)  19101.227 19297.924 19340.722
)

Meh™h  1796.808 1783.777 1766.530
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R JE B R ZRIR LSS R AL, R L EL VAT
I /& S 25300 MW & FRALAL, 24300 MW ik 213 61 frf
B, P A 1 2R A 4525 MW. IS T LA HY,
KA SO ST R, 0 B A R G0k R B35 4
AR L G BN RG A KB INT
2.318 MW, & FERIAAN[E] T R SR MVE IR AR A3 21
TR

T T T T

220 — -+ futknr 4
J GCBES /%
—o— RIITik

200

180

RGO FESM AR/ (th )
>
(=]

—_
B
(=}

120

t/h
B 4 IAH RGO AR NIRRT H s R
Fig. 4 Comparison of the purchased coal quantity consumed

by the thermoelectric system in a period

&8 AApBARCERIINEE
Table 8 The result of steam distribution, power genera-

tion and purchased power in a period
I R fifbEl  GCBES A7k

300MW(th™1) 16913.935 16911.497 16909.905
FIR 25MW(th™ 1)  585.280 587.718  589.310
Tt eh™1) 4759.403 4658.000 4532.692

300MW/MW  6017.160 6017.160 6017.160

=)
{ﬁZZ 25MW/MW 342911 343.948 345.230
S AMEMW 27.884  26.847  25.566
740 . . . i
— 4 AT
735 GCBES /514 |
—— A5k
= 730
iz
=
X 725
8
2720
715
710 ﬁ 411 é é T
t/h

5 ARG RN HEE R
Fig. 5 Comparison of the thermoelectric system power

generation in a period

3) M RGUSAT AR 1T

Klogh T AL BT AN [F) 54 R 5B BE A R 4t
IBAT ARG LU 28, SR FH AR SCREST A, idk s
B B AMEE R EFE RN, B RFH G KB ER
Frsm, $2 7 7 I R G AT aE, FRK T RSt
TBAT AR, AL 5 B o 1 P T R RIS AT AR IR D
T71.928 }57G.

At gl 2R B, B AR A 15 21 1) 7 SR
i A RGZRIR FBIRTR E DRSNS
ZIREAF, RIER G 24817, 15 T RAEI=HA
HIRI 28, BRAR T AMNW R s FE &, S0 T B R 5
H &1k HE, WM FEIE TG REMETBUR,
fE R 7SR T SRR A I R G I PR SRR
NPT FET, G2 FH R TGV 44 1 ) /L AR AL
JE BN RAIBAT A Z A>T 1.928 Fi 7, Hid
JE sk v R R S R P 2R sk 47 U A ) 9 R
/> 171.665 7170, HILAT LAE H, # e RFMEIT K
ARSI THFEREIR A T I RCR SR K, #NEk Ak mT
DLid it LA SRR B2 v B A ) R R gk T B Aol )

25 T T T T T T T T
24{\ & —+— {4k |
\ GCBES Jj %
L \ —o— KI5k
523
B
I
2 20F
X
EHorh
B
=20t
f‘d 0
EB» 19+
EiS 18-
17

2 3 4 5 6
t/h

Kl 6 #i RGUSAT AR L 4s
Fig. 6 Comparison of the thermoelectric system operation
cost in a period

5 Zw

ARE KT IV RR L REEN TR A 77 Fede . 41
FCIA T I RE = s FE R N T 2 RET M 48 AR 1
AT T RE R RENT H L RS REFER RN . E
FH A RGP B R R P R AR TR
WA BITIRS ISR BB, ANE TH N RS
H R P SRS AN ], 8 H 2T 22 4E R D /R AT R—Bh S
()25t A 1) 2 TO0IR A, R R Ak
R AL A BRI 20 T EBLERY b, BEST T AR b
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