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An Analysis on Exergy Consumption and CO5 Discharge in

Ironmaking Systems

Synopsis :

Tomohiro AKIYAMA and Jun-ichiro YAGI

Exergy and CO; analyses were carried out for three ironmaking systems of blast furnace with pulverized

coal injection, SC system proposed by Smitomo Metal and smelting reduction.

Blast furnace and SC

ironmaking systems were analysed based on operating data reported. For smelting reduction system,
operating data was calculated by using the kinetic mathematical model under the various condition of
prereduction degree, rate of post combustion and heat recovery efficiency. The exergy loss among the
systems have been compared for obtaining detail information on the system evaluation from the point

of view of energy consumption.
compared for environmental preservation.
The results obtained are as follows;

Emission of carbon dioxide discharged from the systems were also

1) Exergy loss in a conventional ironmaking system of 10000t/d was decreased from 9.3 GJ/thm to

8.0 GJ/thm by injecting 110 kg/thm pulverized coal.

2)Exergy loss in SC system of 2400t/d was 7.1 GJ/thm.
3) Exergy loss in smelting reduction system depended remarkably on prereduction degree in a shaft
furnace or a fluidized bed. As prereduction degree increased from 0 to 80% , exergy loss in the

system decreased from 11.8 GJ/thm to 6.2 GJ/thm.

4) Conventional ironmaking system discharged about 520 kg-C/thm, while CO; emitted from the smelting
reduction system depended considerably on ratio post combustion and heat efficiency.

Key words : ironmaking ; system evaluation ; energy saving ; exergy; carbon dioxide; greenhouse effect gas;

blast furnace ; SC; smelting reduction ; fluidized bed.
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Fig. 1. Changes of coke and pulverized coal rate

in a blast furnace.
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Fig. 2. In-and outflows of exergy in the blast
furnace with pulverized coal iniection.
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Fig. 3. Summation of net exergy losses in the
blast furnace system.
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Fig. 5. Smelting reduction system.
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Table 1. Cases estimated for exergy analysis.

Case Prereduction degree (%)
PC HE 0 20 40 60 80 100

A 30%  90% @) (@) @) @) (@) @)
B | 60% 8% O @] ® { ® ®

O Withowt CR& PRF QO WithoutCR @ With CR
PC : Post Combustion HE : Heat Efficiency
Bed
Two phase alc of
model exergy
Z=Z+AZ Process
analysis
4 l
¢ System
Heat balance analysis
N Thes= Tge End

Fig. 7. Algorithm for exergy analysis for the smelting reduction system.
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Table 2. Fundamental equations for fluidized bed.

Mass balance
Bubble phase
dCyy/dz=— €A Ky (Chr— Cor)/ Fy
Emulsion phase
dCy ./ dz=—e,A, K (Cp,— Co )/ Fot (1— &) A Lg/ Ly)a/F,
X [ +(1 —f)kr( Ce,y_ Ce‘yo/Kr) + kw( Ce,HQCe.C()z_ Ce,HgOCe,CO/Kw)]
where x=Hjy,Hy0,CO,COy,y=Hy,CO, y0=H0,CO;
Heat balance
Qg, in™ Qg.onl+ Qs,ant+ Qfed+ Qws7+ Qloss

Table 3. Estimation of parameters.

1) K;=0.11/Dy[KoBAYASHI et al.]
Dy= DI,,,,—(Dg,Q—Dw)exp( —0.32/D,)[ MoRrI-WEN]
Dpn=2.59g [ Up— U,,,é)A,]‘”
Dy=3.77g Y Up— Unp)
2) Fp=(Up— U,,.f)A,
Fe: UmjA,
3) Lu/L=1/(1—g)
4)  &=(Up— Unp)/ Uy
Up= Uy~ Ups+0.711(gD;)*S[ DAVIDSON-HARRISON]
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Fig. 11. Summation of net exergy losses in the
smelting reduction system with fluidized bed.
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Fig. 14. Summation of greenhouse effect gas
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systems.
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Fig. 15. Summation of greenhouse effect gas
emitted from the smelting reduction system.
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