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Efficient conversion of coal-based energy in iron and steel

process and steel-electric cogeneration mode
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(1. Beijing Grand Honour Certification Co., Ltd., Beijing 100081, China;
Jinan 250101, Shandong, China)

2. Jinan Iron and Steel Group Co., Ltd.,

Abstract: Based on the energy composition structure characteristics of the steel manufacturing process and the analysis of
the energy conversion process, the concept of coal-based energy system for the steel manufacturing process was proposed,
and the coal-based energy and coal-based energy system were defined in the current work. Through quantitative and qualita-
tive analysis, the law of transformation and dissipation of coal-based energy in the steel manufacturing process was stud-
ied. Based on the analysis of the system energy flow efficiency, it was pointed out that the cores of energy flow in the steel
manufacturing process were the conversion of coal and the recycling of the secondary energy, and the efficient utilization
of gas resources and waste heat resources was the key to improve the energy system efficiency of the steel manufacturing
process. Under the guidance of "metallurgical process engineering theory", the main principles for achieving the integrated
optimization and the efficient operation of coal-based energy system in the steel manufacturing process were proposed.
Through the modeling research and the practice study, the feasibility of the energy flow network optimization and the effi-
cient steel-electric CO production mode construction was explored based on system optimization methods.

Key words: iron and steel manufacturing process; coal-based energy system; systematic energy saving; energy flow

network; steel-electric cogeneration
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Table 1 Energy consumption structure of iron and steel enterprises
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Fig. 1 Coal and its various forms of conversion in steel

manufacturing process
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Fig. 2 Carbon material flow in steel manufacturing process
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Table 2 Coal-based conversion products in main production processes of steel manufacturing process
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Fig. 3 Trend of exergy value of energy in steel manufacturing process
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Fig. 4 Energy level trend in steel manufacturing process
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Fig. 5 Coal-based energy conversion and dissipation process in steel manufacturing process

Wb, RS fE 12 A ANk 1 3 R TR A T b i
{H, BAERL, A RO (EHOR AR

2 AR R E oM
2.1 BMNGHERREERENEN T ERZ

ARG, BEIERCR ST AR RE YR 1N
L il A g I AT R R RE A (R )
EESAIATY, RGN BT AN R
e, WA D B RGERBHRZ &I
Mgy ESUPA IR A IR L NE 2V €2 N el v S IRl
ARG V2 FBAR G BB,

=M X 11, X 17, X - X, (1)

R g RG0SR R A
%,

Ak A R 0 A0 R 6 0 2 g ol o
PR RS R R SRR i, T

(1> HhJy 3 BT i BLIR 3 3 I 45 23
TP B 45 KB IR RT3 25 158 4 10 7 4
i, ML) 23 4 0 KW R — R
W31 90% L L, [RLIE , oLy A P T 3R 0% i
.

(2) BB 7 B RERE I 95%, 3L E B4R
1 e A A AR AR M
(IR K BT B R



10 )

YR, 45 BRI g i e R J 5 A DG A - 99 -

i WUAE I R R v B S s o DRI IR
FEANER LU RE P IR R 2 i o
LA ST Bk T 3 R o i N B R AT R

I 2 B Ab 2% BE L 3 ok bl B S0RN 4 B R 1) 4 4
ARG, AR AR BEA R K A ) H RCR AR A A
WK 6 .

FALBES, 0 7
Py — B, N
e
—_ o mrme AHARERE
~|cEa ) = .
= "ﬁﬁ N , N
BRRS
‘ I .
L ES1 T it 0
B Jekamy o
prym HPRES
(AR -
n&
El6 WMeHERRERREUES

Fig. 6 Energy system efficiency analysis in steel manufacturing process
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Table 3 Main equipment and material balance of an enterprise with an annual output of 6.5X10° t of crude steel
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Fig. 7 Optimization framework of coal-based energy

system in steel manufacturing process
4 s

(1D A r [ i 204 7 o A 2k A b 1) e U 5 4
L B T LR 95% » i N KRR (KA 2 REAT il i

— B AL R RN A B 0 2 o e OB
AR 46.9% 1 52.5% .

I m iR ofifE
100r 9% 93 9 o
80
80+ - 60
8
§60 51 50
40t 32
23
20
0 | 1 | 1 |
AN Btk cftdk DAk Efdk PR
El8 oMkt R RSERLBIERT KRB LHEL

BIELIESR
Fig. 8 Variation of waste heat and residual energy
generation ratio before and after optimization of energy

system in some iron and steel enterprises

(2) HREHERE B AR PR I R Hh R AW b
e A8 5 FERTHIUR , LR GERER I i 7 EE KA
TREE A eI M 2% I SR A A

(3) ANk I FURE RE B AL O e AL S
R BEUS IR [RTSCR F TR) G, S BRI S BEU  Ar h e
AP vt A RSO P A i 0 B i 3 A 2 2R 4 e U
e ILIENIPS )

(4) SCHUNBR S AR IR e R R A ik
L BB AT I 32 B A 44 g - R DG L A R
AR RESR IS S e A 4 A B Rl AT )

(5) AREFRIA M fie U ) 2% 2R G A AL AL 11 75
VA S VRO - FRLIBC A, T S T IR
FASE L URREYR 1 e R P ST A HL AU RR N Bk Al m]
CASEEL ] R A B 455 LR G T i TT R REU AR
G W LA L TR AR DT S TR Bk, AT RS
AT R A b A PR BE R KT (K K 4R T

(6) LL“YR<B i TR B AECN S AN kAT
R JEATIE N RN TR 5 S PN 2k il s A L e
RGBT TR TF A0k i U R e A #e Dl g
PRI o 3t vt RO - LI B3, 2 DA B 2k A
P SEHLAT RESRHE | B AT R ek L R RIS
IS e

Sk

[ 1] @7, W, sk AL 40k g8 1w SR 1T e B AR i g
[7]. "R 4, 2017,27(5): 8. (PENG Yan, CAO Xian-chang,
ZHANG Yu-zhu. New progresses of energy saving solutions in
typical iron and steel making process flow[J]. China Metallur-
gy,2017,27(5):8.)

[2] W& SLWE ANBR) B R VR IK B A0 20 B AR 0], b R
2018,28(6): 19. (JI Li-peng. Analysis and discussion on path



- 102 - Wk 53 %
of phosphorus flow in iron and steel plant[J]. China Metallurgy, [10] At phaii, B [, 45, e g AN Few X R #UR F I s &%
2018,28(6):19.) L v 77 % (0], P [E A 42, 2016, 26 (3) : 53. (ZHOU Ting-

[ 31 V. ANEkhld Bk R 5 R 5 2 56 0F 5T [D]. ting, SUN Shu-jian, ZHAO Chen, et al. Influence of instable
Jb 5t b R{RHE K%, 2014. (LT Hong-fu. Study on the Coal- sintering process on waste heat power generation and its solu-
Based Energy System Optimization and Polygeneration of tion[J]. China Metallurgy, 2016, 26(3):53.)

Steel Manufacturing Process[D]. Beijing: University of Science [117]  JREHAR. 0%k i i 7 10 B b AT o 0 R 0 8 o0 4% i) fE ).
and Technology Beijing, 2014.) THEWFST,2010,2C1): 1. (YIN Rui-yu. The question of energy

(4] ek, AR Toll A BT 0225 fIE HE, 2000 flow behavior and energy flow network in iron and steel manu-
(4): 4.(YIN Rui-yu. The epoch proposition of the world steel facturing process[J]. Journal of Engineering Studies, 2010, 2
industry[J]. Metallurgical Economy and Management, 2000 (D: 1)

(4):4) [12] JBCHAE. e ) A e 7 b B AT b R VAt 199 5% 1 Ay it
L fr A A 925 T 1, B L YA s AR

[5] BAERERE TREM] LR e T HiRzt, 2004 [J]. $0%%, 2010, 45(4): 1. (YIN Rui-yu. Comment on behavior
(YIN Rui-yu. Metallurgical Process Engineering[M]. Beijing: of energy flow and construction of energy flow network for
Metallurgical Industry Press, 2004.
ge ;/ [urg%llj;( ridj: ;y@re[mssi/ o )T!% . — steel manufacturing process[J]. Iron and Steel,2010,45(4):1.)

6 UKL ANERAT b e T s PR ATL a8 kB [N, IRAR D AR e S g e b .
L6l § (NJ. SLARAT [13] 5KF4, BOIUA, VLU, HOBE ol 355 1 AL B e
2010-12-20(B02).(LUO Bing-sheng. Opportunities and Chal- R . . L
BERED]. " ER 42, 2011, 21 (1) : 3. (ZHANG Qi, CAI Jiu-ju,
lenges Facing the Development of the Iron and Steel Industry o ) )
o SHEN Feng-man. Application of process integration on system-
[N]. Modern Logistics Newspaper, 2010-12-20(B02).) ] } o o
[ 71 At ST 08T R I H G 3RGER ] 5 R4 0], “; “g?’y S:d“niand e;rzjsll";‘lr(eld)‘”;“;n i fron and steel works
. 1 ’ ’ : 3.
i [| 3 42, 2017, 27(3) : 54, (LI Ren-hua, JIA Hong-yi. Sys- LJ- China Metallurey \ I
. - S . . [14] RA, SEJU4G, X SCH, 45 A TR G T it
tematic application and optimization on gas using project of
g EEIA . 1u-1
iron and steel plant[J]. China Metallurgy,2017,27(3):54.) BRI o+ B7f 2, 2010, 20(12): 39. (SONG Jun, CAI Jiu-ju,

[8] PN, sy, T B, 4 ik 2 451 vl B A (1 BUAR LIU Wen-chao, et al. Operation mode of gas system in iron and
R JEL]. o E 4, 2018, 28(3): 1. (SUN Min-min, NING steel company[J]. China Metallurgy,2010,20(12):39.)

B B, TR a o A A R I ;
Xiao-jun, ZHANG Jian-liang, et al. Research status and prog- (151 HOUA, ERAF, BRARIE, 25, SRRl R A BRI DS
ress of energy saving and emission reduction technology for JHLI]. 98K 5 2007, 42(6) : 1. (CAI Jiu-ju, WANG Jian-jun,
ironmaking[J]. China Metallurgy, 2018, 28(3): 1.) CHEN Chun- xia, et al. Recovery of residual- heat integrated

[9] TRM. 2%, T hEdE, AR G ) — R R E steelworks[J]. Iron and Steel,2007,42(6): 1.)

R T 1R SR E (9. T e 4, 2016, 26 (1D ¢ 1. [16] HE AW, B AeU R KA 2015 444k 25 i AL [EB/OL].

(WANG Tian-yi. Multi power generation, energy saving and
emission reduction, improve profitability of enterprises- Rese-
arch of improving self generating rate of Tianjin Tianfengsteel
[J]. China Metallurgy, 2016,26(11):1.)

http: //www.nea.gov.cn/2016-01/15/c_135013789.htm. (Nation-
al Energy Bureau. Total Social Electricity Consumption in
2015 Issued by National Energy Bureau[EB/OL]. http: //www.
nea.gov.cn/2016-01/15/c_135013789.htm.)

D R R B R B B R R B R B R R B B R R R

(E#EE 94 ™)

[11]

[12]

[13]

[14]

BET KR, R, S5 I T O TR m T R
B PEREPPAN[I]. T KAl AARBRERL, 2016, 47(9):
2943. (LI Xin-yu, ZHANG Jian-liang, SU Bu-xin, et al. Per-
formance evaluation of lump ores for blast furnace based on
principle component analysis[J]. Journal of Central South Uni-
versity: Natural Science, 2016, 47(9): 2943.)
EWeRT, g R, R, A5, Pl m ORGSR REN 52
Wi [T]. AN ERBFST, 2017, 45(5) : 1.(WANG Xiao-zhe, ZHANG
Jian-liang, LIU Zheng-jian, et al. Influence of lump ore on met-
allurgical properties of blast furnace burden[J]. Research on
Iron and Steel,2017,45(5): 1.)

WU S, HAN H, XU H, et al. Increasing lump ores proportion
in blast furnace based on the high-temperature interactivity
of iron bearing materials[J]. ISIJ International, 2010, 50(5) :
686.

Kashihara Y, Iwai Y, Sato T, et al. Effect of unconsumed mixed

small coke on permeability in lower part of blast furnace[J].

[15]

[16]

[17]

Transactions of the Iron and Steel Institute of Japan, 2015, 55
(6):1237.

JeEE, T30 SRR R U EE N R AR B R 1 5 W [ ] 4
#:,2015,50(5): 7. (ZUO Hai-bin, YU Wen-tao, ZHANG Jian-
liang. Effects of temperature on the decrepitation performance
of natural lump ores[J]. Iron and Steel, 2015,50(5):7.)
EEA, OO, R, AR LR G B RE X T
WFFT[I]. 8%k, 2006, 41(1): 23.(WANG Hai-tao, LI Guang-
hui, FAN Xiao-hui, et al. Comparative study on metallurgical
properties of blast furnace burdens[J]. Iron and Steel, 2006, 41
(1:23)

R, ToRAE, TRER, A S PR R AT AR )
BERAT N[, TR 224, 2016, 38(11): 1546,
(WU Sheng-li, WANG Lai-xin, WANG Yu-jue, et al. Influ-
ence of high temperature interaction between iron ores on the
formation behavior of primary slags[J]. Chinese Journal of En-
gineering, 2016, 38(11): 1546.)



