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The Development and Exploration of Waste Energy Utilizing
Technology for Iron and Steel Industry

Liu Baigian, Tan Peilai, Wang Ligang
Energy engineering department of University of Science and Technology Beijing,
100083, 30xueyuan Road, Haidian, Beijing, P.R.China

Abstract: Some new waste energy utilizing technologies based on a review of waste energy utilization technology up to
date and a comment of disparity between China’s iron and steel industry and advanced country have been provided.
These new technological ideas put forward by authors including the first, tunnel boiler and powdered through water
quenching times without number for metallurgic molten slag. The second, air cooling chamber technology for hot sinter
solid. The third, high temperature particle size dividing for circulating fluidized bed boiler drained ash cooling as well
as the fourth of high temperature gas-solid separation with particulate bed of multi-density, multi-size, multi-layer for
blast furnace gas to replace bag house filter which is scared of fluctuations of temperature and moisture.
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Table 1. Extreme Energy Consumption Values of Iron and Steel Plant 2008, kgce/t'*]
=1 2008 fEr EIMK LA BEFEITEL kece/t™

T H e T L B 2k B &b Wk P N 3L40
el 783.45 842.40 91.21 49.44 335.05 530.74 38.04 177.43 238.18
£ 556.64 504.00 39.04 17.44 61.33 363.85 -12.95 37.19 27.32
ZMH 226.81 338.40 52.17 32.00 273.72 167.29 50.99 140.24 210.86
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50%. M AT AR R LT 74 150 147561 7.

909 978-1-935068-37-2 © 2010 SciRes.



7

% Scientific
% Research

»
%

9

o

vk 2. P EANERRAE TV AEFE AT 23. 7T8%K)
fezs A (1],

Pivd: 3. SRR AT 20 AN KHEVEREAY,
WA BN, AT R R AR 4 e
WCR) S o SCHR (5] 8 SC I, AR Ay #R) T 0. 0692%,
FRIR A BRI 30. 14%, B4 ORI A 44. 35%. B4k T
MR 1t ANPEAE RIS 8.4 G, H AT RIBCR]
I 25. 8%,

4. FExEEYESER AR
4.1 BB REIA[7-12)F0HRR

AW G DU AT L 4 T 4] =X
BB IEER . 10 4B AR (1) % B oA 5 A )
ST R N R R SRR AR [ R
AR A K 1
4.2 S E BT

RERARZ T AEAKT . [FI 2 K R ik
B, SRR IR T R GRS IR £ .

43 ¥R E#EY [13-19]

BEEEN IR R 2 . AR PER Rl
BB NN R AR S B K SR, Sk
A G HIReEs 05 IR A WL 54 0.

4.4 FIBEFRAK [20-23]

TR AT DU RO B T Ak, Cc KR
AR I A i B R 4 L T AR P R o A
P PR R PVEIP R B HL . 10 227m3 TR
LA 55 1087 JT TG,

4.5 HTERE#I[24-26]

HHAR vk s B 2 [ s 0 FH 400 o T i RN A 5 AR A ke
flfrEe, B RDEH BRAERE RS — N R
HREREE . AR ARAS AR B A T AR5 KA,
FH T4 BRI AR AR AR 1 e 28 48 K B00T LAY A AV e Ay
e EMEAMB ARG, W BIE SR
324,

5. &R AM AN A
5.1 W7SIBRA & E ML

YR [321 b YR i P R 1L 240t g, AT
DL H 7= 1000t 1) “WES IR =287 400 4%,
SCHR (331 A, “ et A PR ANk Aol Ml — 4 A1) F 1

978-1-935068-37-2 © 2010 SciRes.

910

2010 The Second China Energy Scientist Forum

TRBEIR . ¢ (KRB ORI AR AN Hee kit T
FRA WG BRI . HUMORLAL T AR A AE R AL R 22
AEEACRAR . AIRROR A . W R A, nlEE
AR A 257,
5.1.1 REHAR

ik [28-29] A H A KA A, SCHik [30]
R T ARl R RIRCEE AR . SCHR (31T 41 T X
VESARAE [ A 1 FLATS T . 1981 42, B H ki
KA AR T2 5 R [32]. 1981 4 11 H, H AN
EA R Lt TR [33].
5.1.2 7KEF A

SCHR[34] VA 21 T /KBRS 2 B 240
PR AN 75 ZERRE A ) 7o SCHR [35-381 441 T
IRl A — LK PR I S0
5.1.3 BRiE R4

V5 VAR T 80 e o AT YR KA 7 2k m IR0 s
JRAE[39] .

5.2 E7SEREI & R E YL

MEIR AL AR Y 800°C DAL 3 5 () At 84k F A%
WMEBAET 60 (Ws—2K-1) (iR vt gs, a4t
ZE 707250 (Ws—2K-1) [AImAL IR A #E 25 [40] o Leghia
HEAEFIRANIEE 2 . SRR MUE Y.
EA R [18-19] 6
5.2.1 BIRREN (RATRLE 300mm) & # B AR

PR LER A b B4 700°C i, P30k R S
100mm o AN faj B KA, SRASAG AL A 3 hE . 1532
WA A SR T K RS R AR R %
B R ARG IIEA TR . MR IR, 24m2 Hedh
W& ar AN, vl 3R aR 6300 J7 [41].

5.2.2 iR A BE # E AR

G PR AL R BA B H T S I AR IE N R
P, WA A S . TSR HHEE iR A IR B,
FRUEIR A A VA1 38 ] U 52 () ks E N 2 IR A R VA 1
wnl[42] .
5.3 REZ R-THAKERSESESBHA

AT RURL PR R 2B “ X BURL IR B B ML 8 e —
SL AR A NP BURBRER, 7T g3 BUE1TIN R
A AR S WA AT I Rk, AEE 1R T “REZ
JOST R4 5 ke v iR URE PR I 70 B B o AE BT A TR



2010 The Second China Energy Scientist Forum

k,

g T A5 A UL AR T+ P AT OB HAT AR [ 4L

2 2R [43].
6.4 R &

WPIEe e Re bt KB TMkd iz —, T EAT

BRE SEEBORZ WA W R REAE 2R . G/
THERIZLE T2, DLE TR A SR A0 [ e

g

Y PSRRI R TP o ECH TN

HEABIFEN S Ay . AN TS AE
[ERIY iR LSRN A7 AT

AT AT AT iy 2L~ [ B AT S PR DD R, DA 5]
K, WOEAEGE!

References (5% 3C#k)

(11

[2

31

[4]
(5]

6]

(71

(8]

[9]

[10]

[11]

[12]

[13]

Guo Hanjie Yin Zhiming. Energy conservation Potential of Iron
and Steel Industry of China [J], Journal of Iron and Steel,
Vol.42,No.2,2007.2

TR, B MR SRR T e R AT, Nk, H424 52
12007472 H

Cai Jiuju,Du Tao Chen Chunxia Dong Hui. The Study of Waste
heat resource and Key recovery Technology, Proceedings of Iron
and Steel Industry annual meeting 2007,vol.1,408

BIE ALIE BRERE R, bR R VR M [RDSOR 2
FARBCARBIFL, 2007 o EA BB CEE, ppl-408

Wang Jianjun Cai Jiuju Chen Chunxia Li Guangshaung Zhang
Qi. Investigation Report of Waste heat resource of Iron and Steel
Industry[J], Journal of Industrial Heating,Vol.36,No.2,2007
TR, SO, BRAREE, )R okEIRIENEL Tk A4
ARBEWRIRS, T, 55 36 & 2007 457 2 3
http://www.chinasie.org.cn/newmore_tbh.asp?id=16209

Cai Jiuju Wang Jianjun Chen Chunxia Lu Zhongwu. Recovery
and Utilization of Waste heat of lron and Steel Industry[J],
Journal of Iron and Steel, Vol.42,N0.6,2007.6

BIH, T R A, A8 R AR IR D
FIH, 54245 5611200746 H 444k

Huang Dong Du sheng. Domestic Waste heat Market VVolume is
as High as 40 thousand million RMB, China Economy
Weekly,2008.3

B YA, P ML AR AR T k40012, E A
T 20084 5533

W. Nowak, A. Borsukiewicz-Gozdur, A.A. Stachel, Using the
low-temperature Clausius—-Rankine cycle to cool technical
equipment, Applied Energy 85 (2008) 582-588

A. Schuster, S. Karellas, E. Kakaras, H. Spliethoff, Energetic
and economic investigation of Organic Rankine Cycle
applications, Applied Thermal Engineering 29 (2009)
1809-1817

A. Schuster, S. Karellas, R. Aumann, Efficiency optimization
potential in supercritical Organic Rankine Cycles, Energy
(2009), doi:10.1016/j.energy.2009.06.019

Li Jing Pei Gang Ji Jie.The Key Factor Analysis of Solar Energy
Organic Rankine cycle Low Temperature Power Generation[J],
Journal of Chemical Engineering, Vol.60,No0.4,2009.4

7 i, 2 N, 2R B R AT BB 0 PR IG Il AR T OB PR 32 )
B 55604 554, A0 T 274, 2009474

Nishith B. Desai, Santanu Bandyopadhyay, Process integration
of organic Rankine cycle, Energy 34 (2009) 1674-1686
Tzu-Chen Hung,Waste heat recovery of organic Rankine cycle
using dry fluids, Energy Conversion and Management 42 (2001)
539-553

Antonio C. Caputo, Pacifico M. Pelagagge,Fuzzy control of heat
recovery systems from solid bed cooling, Applied Thermal

911

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

7

% Scientific
J

0%* S
* Research

%

9

o

Engineering 20 (2000) 49-67

A.C. Caputo *, P.M. Pelagagge, Heat recovery from moving
cooling beds: transient modeling by dynamic simulation,
Applied Thermal Engineering 19 (1999) 21~35

N. Menad, H. Tayibi, Fernando Garcia Carcedo, A. Hernandez,
Minimization methods for emissions generated from sinter
strands: a review, Journal of Cleaner Production 14 (2006)
740-747

P. M. Pelagagge, A. C. Caputo and G. Cardarelli, COMPARING
HEAT RECOVERY SCHEMES IN SOLID BED COOLING,
Applied Thermal Engineering Vol. 17, No. Il. pp. 1045-1054,
1997

Antonio C Caputo, Pacifico Pelagagge, Economic design criteria
for cooling solid beds, Applied Thermal Engineering
21(2001)1219~1230

Group Edited. Sinter Process[M], Beijing: metallurgy industry
Press, 1981.1

WA A MBS CREH R, me Dl AL,
1981.1

Ferrous metallurgy Institute edited. Design manual book for
Sinter[M], Beijing: metallurgy industry Press,1990

ARG TR B ERET LB b (a5 st T
WEY ¥4 Tk A, 1990

Tang Changgeng Li Peng. CDQ performance and feature of
Capital Iron and Steel company[J]. Journal of fuel and Chemical
Engineering,2001.9

DACHRAN, N TR AR B AR S M RE, RS,
200149 /3

Yan Yu, Installation technology of CDQ equipment, Master
degree thesis of Chongging University,2007.10

PR, TR B LR BRI S 92k, PR LRl
A3, 2007.10

Pan Lihui Wei Songbo. Coke Dry Quenching [M], Beijing:
metallurgy industry Press, 2005

WEALE, BURAMAE (THRAEBOR) 16 & Dk Hi kAt , 2005
Shanghai 5" overhaul company, Maintenance and overhaul
Technology for CDQ equipment[M], Shanghai: Shanghai
Jiaotong University Press,2006

TR RE AT (FHREBRERESY SREER) L
ACHE KA HihAL, 2006

Fu Ying Zeng Lingke Wang Hui Liu Yanchun. Utilization
progress of Industrial Waste Heat Recovery Using Phase Change
Material[J], Journal of Industrial fuenace,Vol.31,N0.5,2009.9
AT, B &), T R AR AR i BEARHE Tk AR #A B 4k
R BETTEERE, kb, 55314 5 5101200949 H

Guo Chaxiu Wei Xinli. Heat Energy Restoring Technology[M],
Beijing: Chemical engineering Press, 2005

AT BUIH CGAREREAFEOR S B Mk 27 Tolk i it 2005
Liu Baigian Hong Hui Wang Ligang. Introduction to Energy
Engineering[M], Beijing: Chemical engineering Press, 2009
XUAATE UEEE ESTN CREVE TAEMEIE ) A2 Tl i ket 2009
Zheng Zhong He Lamei Gao Xiaogiang Gao Jiarui. Energy
Saving and Sustainable Development of Chinese Iron and Steel
Industry [J], Journal of Iron and Steel, Vol.39,No.4,2004.4

G TS Wb B0 FRE R AL e TS
PERE, ik, 20044E4H, 394 KA

Sun Shichun Zhang Jiayu. Air Quenching Technology for
Molten Slag [J], Journal of Iron and Steel, 1986

INEAIVE, SRR, W R IORTE, K4, 1986

Joji Ando et al. Air Quench and Its Heat Recovery System for
purified Oxygen Convertor Slag [J],Journal of metallurgy energy
resource,Vol.4,No.5,1985.9

Joji Ando%% IR EL by s AR RSB R SR,
1h4x e 55 4455 111985.9

G. BISIO, ENERGY RECOVERY FROM MOLTEN SLAG
AND EXPLOITATION OF THE RECOVERED ENERG,
Energy Vol. 22, No. 5, pp. 501-509, 1997

978-1-935068-37-2 © 2010 SciRes.



/
’0'0
‘0‘:0

[31]
[32]

[33]

[34]

[35]

[36]

[37]

cientific

S
Research

Wng Zhanying Nie Yonggiang. Discussion of Air Quench
Process [J],Journal of Hebei metallurgy, 1995,No.6,

Tl o SRR, Helr v A B R T A MR, 1995.12 (i
JeiB4:) ZR65H A0

Wang Xiaoxi Zou Hanwei. Sensible Heat Recovery and its
prospect [J],Journal of ferroalloy,2007,No.5
FREAR DU, AT A DI BAR IR A 5t
<z, 20074F 25531 5 551961

Dai Xiaotian Qi Yuanhong Zhang Chunxia. Molten Slag
Pelleting and its Waste Heat Recovery[J],Journal of Gangtie
Yanjiu Xuebao, Vol.20,No.7,2008.7

TP, FEIR L, T AR BE I Rl B v R A R Y A AR
Rt i, ANBRIIS A2 20 A5 7 301,2008 4 7 H

Xie Lianghuai Molten Slag Water Quench Technology and its
Benifit[J], Journal of Iron and Steel, Vol.2,N0.8,1987.8

G RPR AV K VR T2 HOR 5056, 0%k, 198748 H #2245
8y

]Chen Sen. Design method of Water Quench of Convertor

M, A

furnace Technology[J], Journal of Wugang Technology,
1982.No.4
W, e BV AR 2 5 Bk i R, sV ER, 1982
4 M,

Chen Sen. Water Quench Technology of Convertor furnace [J],
Journal of Iron and Technology, Vol.21,No.6,1986

AR T bP AN KV L2 5 vk el R R AR, 5 21 28
61, 198646 H

Yang Xianli Song Yihua.Water Quench Technology in Jigang
convertor furnace [J], Journal of Iron and Technology, app.
Vol.34,1999.10

MgEAL REHE, BEHN 25t F KR T EEARINH, 40

978-1-935068-37-2 © 2010 SciRes.

912

[38]

[39]

[40]

[41]

[42]

[43]

2010 The Second China Energy Scientist Forum

Bk, 19994 10 H, 34 BT

Shen Xiaocheng. Roller Status and Its Development for Molten
Slag Treatment [J], Journal of metallurgy equipment,2003No.3
PRRCE, BRI AR IO KRR, 1h 4T A 5139
i, 200346 H 5833

Chinese patent: A Method of Waste Heat Recovery for Molten
Slag, application N0.201010132721.X

A A R AR T 201010132721.X
He Xiaoyang Chen Hanping Liu DeChang, Selection and
application of Ash Cooler of circulating fluidized bed boiler[J],
Journal of Energy Saving and Enviroment protecyion,2007No.6
BUBERH BT X078 ) SR8 IR AL PR B 1 VAT 45 A i RS
B, T HEIMREOAR, 2007.No.6)

Chinese patent: A Method of Waste Heat Recovery for Hot Solid
Sinter, application No. 201010243360.6

oh L Rl I R R A TV B LR B R R
201010243360.6

Chinese patent: A Size Dividing Method for High Temperature
Drained Ash From Circulating Fluidized Bed Boiler, application
No. 2009101437823

LR A R ORIRL 2 43 KE ARG R AR PR A R A v
i 2009101437823

Chinese patent: A particulate Bed gas-solid Separator with
features of multi-density, multi-size, multi-layer for hot
operation condition, application No. 200910224277.1

PG 5 2 R ATk BURLK 200910224277.1





