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Abstract-A new approach to exergy analysis is proposed for exacting the consumption of energy as the minimum 
&iving force and of exergy consumption that is avoidable, and fox- the development of a method to predict the al- 
ternatives in system improvement by exploring possible reduction in the avoidable exergy consumption. Also sug- 
gested in this study is a dimensionless parmneter 3'Avo, which is the ratio of avoidable exergy consumption over total 
fuel energy input to the system. Detailed analyses, including the calculation of exergy consumption, exergy loss and 
avoidable exelgy consumption, were conducted for each component in the syngas cooling system in the Iutegrated 
coal Gasification Combined Cycle (IGCC) plant, to prove the effective application of the proposed method. The an- 
alysis showed that the rank of avoidable exergy cormumption was different from that of total energy consmnption, and 
hence it comqlrned that an energy analysis by cc~lventioual methods misled the focus of improvement in system design. 
The methodology developed in tiffs study offers a new approach for system designers to analyze and to improve the 
performance of a complex energy system such as an IGCC plant 
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INTRODUCTION 

In the past, exergy analyses have focused primmily on distin- 
guishing the causes of exergy loss, estimating energy loss based on 
the fhst law of thermodynamics, comparing the magnitudes of such 
losses, or on calculating exergy consumptic~l in each piece of equip- 
ment or equipment group in the system, i.e., loss allocation, etc. 
[Woudstra et al., 1995; Lobachyov et al., 1995; Lozza et al., 1996; 
Tawfik et al., 1993; Tsatsaronis et al., 1992]. However, it was not 
possible to clarify whether exergy constmlpfion was hfllerent or 
avoidable under tectmo-economic constraints, and it was difficult 
to decide whether any further efforts should be made for improve- 
ment simply because the magxfitude in loss was sigxfificant In the 
energy system, exergy consumption occurs as an essential driving 
force for the operation of each process. Therefore, it is important to 
identify the minimtal exergy consumption as an in_herent process 
&wing force with actual tedmical and economic conditions taken 
into consideration and the avoidable exergy consumption which 
may serve as a basis for establishing the priority in equipment 
groups which need improvements in the design. 

The objective of the present study was to develop new methods 
for eliminating the conventional limitations in exergy analysis, to 
suggest a series of methods to separate the total exergy consttmp- 
tion into the minimum exergy consumption as a process driving 
force for the unit and the avoidable exergy comumption, and to an- 
alyze the feasibility in the performance improvement options in ttctit 
processes and in the entire system. 

Also, a dimensionless parameter, ?A~o of avoidable exergy con- 
st~nptioxl, which could be used as an index indicating the feasibil- 
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ity for the improvement of the system efficiency, was proposed; 
and a method fox energy calculation in Aspen Plus was developed 
as an atailiary tool for effectively fulfilling the analyses. The meth- 
ods proposed have been successfully applied to the IGCC system. 

AVOIDABLE EXERGY CONSUMPTION 

1. Avoidable Exergy Consumption, EAr o 
The EAv o may be estilnated by [Feng et al., 1996] 

EA,o=Eco~ EM~ (1) 

Ecov is the total exergy consumptioD, and the practical minimtml 
exergy consumption Eel1 is the mitmnum exergy loss that is un- 
avoidable, tectufically and economicaUy as weU. If  the total energy 
consumption in a process is less than the minimum energy loss, the 
operation of the process is tedmically not possible or ecc~lomicaHy 
um-easonable. The value of minimum exergy loss @ends  on the 
teclmical progress and economieal environment When the mini- 
mum exergy constmlption is determined, the avoidable exergy con- 
sumption can be found immediately. Hence, the minimum exergy 
consumption of the major equipment or the process should be es- 
timated_ For some equipment or processes the minimum exergy 
consumption, E~ov, can be estimated as follows if the technical level 
of this equipment is known: 

(a) Evaporator (gas cooler and Heat Recovery Steam Generator, 
H~SO) 

E,u~v=QT0 (1/T .......... - 1/T,,,o,) (2) 

where Q is the amount of heat transfer, T ..... t,~ is the maximum 
mean temperature of the cooling medium, and T,,,~ is the maxi- 
mt~n mean temperature of the gas. 
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(b) Heat exchanger [Szaigut et al., 1988 ] 

E~=QTo (TH,~-Tc,~)/(THMTc,~)+RT0~ hl[PH/(PH-APH)] 
+n c, ln[Pc,/(Pc-kPc)]) (3) 

where Q is the heat load of a heat exchanger, T~ee and To~ ~ce the 
mean te~npera~'es of high and low tempermue flows, n is the flow 
rate, P and AP are the pressure and the pressure drop, respectively. 
The subscripts H and C refer to high and low, respectively. 

(c) Gas turbine and steam turbine 

E~=To AS,~,, (4) 

where AS,,j, is the entropy produced and calculated at the maxi- 
mum turbine efficienc3< 

(d) compressor 

E~=T0 ASMm (5) 

where ASkew is the minimum entropy prcx_hced and corresponds to 
the maxhnL~n compressor isentropic efficiency under realistic con- 
ditions. 
2. Avoidable Exergy Consumption Dimensionless Ratio, "~vo 

In this study, an avoidable exergy consunlption dhnensionless 
ratio 7Avo is proposed and then applied along with the existing ex- 
ergy consumption dimensionless ratio 7- 

TAro (EAvo/E~e) • 100 (6) 

~ (E  c,ojE,,e) • 100 (7) 
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where EAvo, E~l and Ecav are avoidable exergy consu~nption, the 
total supplied fuel exergy in the system and the total exergy con- 
sumption, respectively. The term TAro is a dimensionless ratio that 
compares fuel exe~gy in the system with the total exeigy loss less 
the minimura exergy loss which is unavoidable because of the in- 
herent and realistic restrictions, a ratio of the avoidable exergy loss 
to the total fuel exergy in the system. This is a very useful concept 
for the performance hnprovement of the energy system since it en- 
ables one to find real and exact avoidable sites in the system tan&, 
realistic conditions taken into consideration. For the energy system 
for power production, the calculated 7Avo value enables one to find 
out immediately the absolute value of the composite plant effi- 
ciency for potential improvement, a potential improvement of the 
efficiency of the system from 40% to 42% with a 7Avo value of 2%. 

ASPEN PLUS EXERGY ANALYSIS METHOD 
(APEAM) 

Many researcheps have calculated exergy in Aspen Plus [Rosen, 
1986; Rosen, 1885; De Ruyck et al., 1997]. In this study, a method 
for the calculation of exelgy, APEAM was developed in a new ver- 
sion of Aspen Plus. In APEAM, the enthalpy and the entropy of 
each stream and the reference enviroimrent are calculated by using 
the Aspen Plus property-set. The chenfical potentials of the refer- 

ence environment as weU as that of the dead state are also calcu- 
lated. The chemical exergy of the mixed flow is calculated by In- 

Fig. 1. Simplified IGCC process flow diagram [Bechtel, 1995]. 
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Line Fortr0zl Tt~ method is cons~ucted in such a way tint its mod- 
ification can be rather simply made by the user as the enviror~nen- 
tal model is changed The exeigy associated with the transfer of heat 
and work and physical, chemical and total exeigy values are cal- 
culated for each stream of materials flow. 

ANALYSIS OF IGCC SYSTEM 

1. The IGCC System 
A process flow diagr~n of the IC~C system considered is shown 

in Fig. 1. The coal gasification system is composed of syngas 
quenchei; syngas cooling system, HCN/COS hy&olysis process, 
low temperature syngas cooling process, and acid gas removal 
(ASU) is of  medium-presstue type. About 20% of tile au- is ex- 
tracted from the compressor of a gas turbine, while the remaining 
is handled by a separate auxiliary air compressoi: The oxygen and 
a portion of nitrogen product in tile air separation process are sup- 
plied to the gasifier. The remaining nitrogen is mois~u-ized in a sat- 
taator by using feed water taken in fi-om a steam turbine. The com- 
bined cycle is composed of GE MST001FA gas turbine, steam tur- 
bine, heat recovery stearn gen~-ator (ItRSG), condenser etc. [Bech- 
tel, 1995]. 
2. ASPEN PLUS Modeling 

Using Aspen Plus, unit process mcdels were developed and 
tested, and then a system model was constructed [Kim et al., 1996]. 
The model for the gasificaticn process was divided into gasifier, 
syngas quenching, gas cooling, dust removal, and slag removal 
parts. The tempera0are was adjusted by using recirculated cooling 
gas while tile syngas leaving the gasifier at about 1,450 ~ was quen- 
ched. Tile gas was cooled to about 250 ~ in a gas cooler com- 
posed of heater, splitter, and heat exchanger models, and evaporated 
steam was supplied to tile gasifier and HRSG. Tile conversion of 
COS into H2S in tile HCN/C~)S hydrolysis process was about 95%, 
while a separator model was used for acid gas separation. In tile 
gas ttubine model, file anlot~lt of coding air and tile effect of cool- 
ing air on turbine efficiency were calculated [Johnson, 1989; Stone, 
1985]. A stoichiometric reactor model (RSTOIC) was used for a 
burner. Tile ~xpander was composed of power pro&~ction and cool- 
ing air mixing parts, ha the HRSG mcdel a temperature of 8.3 ~ at 
low pressta-e was applied as a pinch tempera~e for each evapora- 
tor and the approach temperatures were 11.3 ~ at medium pres- 
st~:e and 8.3 ~ at low pressure, respectively. The air separation pro- 
cess model is constructed to enable tile control of oxygen flux, tile 

Fig. 2. Shell gasification-GE IGCC system for APEAM calcula- 
lions. 

amount of air extracted from the gas ~rbine air compressor, and 
the flux of ~xtemal ah- input. The power constaned was calculated 
by using a compressor model. In a complex system such as an 
IGCC plant, the performance of the plant may differ greatly ac- 
cording to the cc~ffigta-ation of each unit process. In t i~ study, mod- 
els were coilslructed to have steam integration and air integration 
separately, and a proper value was calculated by using tile design 
specification and In-Line Foman of Aspen Plus [Kim et al., 1996]. 
3. Exergy Analysis of IGCC System 

The exergy calculatic~l was peffc~med according to tile APEAM 
using the data appearing in a previous study [Kim et al., 1997]. 
Shown in Fig. 2 is the process flow diagram of the IGCC system 
and the results of the ealculation are given in Table 1 and Fig. 3. 

In the gas turbine, 23.677% (158.208 MW) of the total fuel ex- 
ergy supplied was consumed. The loss was primarily due to reac- 
tions in a combustol; tile fi~iction losses in compressor and ex- 
pander, the heat loss in burner, and mixed loss at the thne of cool- 
ing of ttubine, etc. Tile loss in tile gas turbine was tile minimum 
exergy consrmlpUbn, E ~ ,  indicating that there was no room for 
improvement under tile present tedmical and economic conditions. 
Among tile total fuel exeigy supplied, tile loss in tile gasification 
system was 9.835% (65.839 MW). The loss due to the irreversibil- 
ity of coal gasificatioi1, and file loss of t~lbt~ned carbon contained 
in slag was 4.595 MW. Such ~xergy constalption may be improved 
partially by preheating of coal and oxidant supplied to the gasifier, 
minimum use of oxidant, higher pressure water supply at water 
walls, etc. The exergy corLsumption of the low temperature cooling 
and cleaning system was 5.514% (36.842 MW) and the loss of sul- 
fur discharged was about 4 MW. The heat exchange network of low 

Table 1. Exergy in/out, consumption, loss, efficiency and dimensionless number (exergies in MW) 

Enr Eov r Ec, o~, , ELo~ ~ (%) ~{ (%) 

Gas turbine 538.062 379.854 158.208 70.597 23.677 
Gasification 685.825 615.391 65.839 4.595 89.730 9.853 
LTC & Cleanup 559.388 518.546 36.842 4.000 92.699 5.514 
HRSG 466.783 420.233 27.140 19.410 90.027 4.062 
HGC & Quenching 674.611 645.211 29.383 95.642 4.397 
Steam turbine 327.915 303.885 19.660 4.370 92.672 2.942 
ASU & Saturation 144.155 127.502 15.003 1.650 88.448 2.245 
Total system 668.200* 282.100 352.075 34.025 42.218 52.690 
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Fig, 4. Flow d i a ~ a m  of the g~s cooling system fro" APEAM. 

Fig. 3. Exergy d i s ~ u f i o n  of subsystems. 

tempwatm'e cleming process can be optimized by a proper pinch 
tempwature, and amethod of using low-pressure or medium pres- 
awe water supply for cleaned gas healing instead ofhigh-In~esmre 
is to be enforced. In HtL~G, 4.062% (27.140 MW) of the total sup- 
ply fuel exergy was consumed; mostly the loss was due to heat 
transfer and pressure drop. The edaaust gas loss to stack was about 
19.41 MW. hi crder to reduce such loss, it is necessmy to design 
an economizer of low approach temperature. By optimum integra- 
tion of  HRSG and file process, it is possible to minimize file loss 
by properly calculating the heat necess~ay for the process, deriving 
the poffdons lhat can be supplied by HRSG, and selecting and in- 
tegmting file flow, which has file smallest specific exergy. Of the 
total fuel exergy supplied, file hi#l-temperature gas cooling pro- 
duces an exergy loss hi file hi#1 temperature gas cooling of  4397% 
(29.383 lVIW). The mixing loss in the quenching process was found 
to be 7.441 MW. 

ANALYSIS OF AVOIDABLE E X E R G Y  
CONSUMPTION 

For the analysis for avoidable exergy consumption, file syngas 
cooling system was selected and file minimum exergy consump- 
tion F ~  for process driving, file avoidable exergy consumption, 

Table 2. Extrgies in each stremn of gas cooling system 

Ear,  and the dimensionless ratio, "/a,e, were calculated as shown in 
Table 3. Fig. 4 shows a diagtmn of  the syngas cooling system and 
file stream number. The physical and chemical exergy values of each 
stream are presented in Table 2. 
(a) Quencher 

A quencher was used for quenching dovm the syngas to about 
900 ~ for the purpose of  preventing flying slag inchded in h a  cor- 
rosive gas (1,450 ~ produced hi a gasitier attached to a syngas 
cooler. The calculated total exergy consumption w~s 7.441 MW. 
It w~s expected that the loss could be reduced ifaternpetatwe could 
be found of  which the material of the syngas cooler was tolerant 
and the entire molten slag in the gas was soli~fied. The maximum 
temperature of  the convection heat exchanger taken was 1,100 ~ 
[Lummus, 1993]. By file selection of  a material that could w~h- 
stand this t empera te ,  file loss could be lowered significantly since 
the amount of  loss for the syngas quenched at lowtemperature was 
reduced and file reduced portion of loss was Ear.  Since the exetgy 
consumption at a quenching temperature of 1,100 ~ was file mini- 
mum exergy consumption, F ~  file avoidable exetgy, Eavo could 
be estimated. 

The amount of the minimum energy consumption wo, s calcu- 
Isled by APEAM, and w~s found to be 4.265 MW. 
(b) First syngas cooler (SGC) 

Hi#i-pressure stemn was pr(xhced as file gas was cooled down 
from 900 ~ to 300 ~ in a ftrst syngas cooler In order to improve 
the thermodynamic efficiency of  the equipment, the temperature of  
the stean was kept as high as possible. Reducing the temperature 

(exergies in MW) 

Stream nulrlber E~,v Ec,~ Eror Stream 

7 91.230 518.733 609.961 

7-1 105.222 988.242 1093.460 

7-2 52.970 988.242 1041.210 

7 -3 44.652 988.242 1032.890 

7 -4 21.214 469.530 490.744 

7 -5 21.411 469.530 490.940 

7-6 0.234 0.000 0.234 

11 23.574 518.713 542.150 

8 23.859 0.000 23.589 

9 4.485 0.000 4.485 

10 0.000 0.000 0.000 

12 57.757 0.000 57.757 

13 0.000 0.000 0.000 

14 9.227 0.000 9.227 

Raw gas from the gasifier 

Raw gas to 1 ~' syngas cooler 

Raw gas to 2 '~ syngas cooler 

Raw gas to splitter 

Raw gas to gas compressor 

Raw gas to quencher 

Power input to gas conlpressor 

Raw gas to down process 

Feedwater to 1 ~' syngas cooler 

Feedwater to 2 ~a syngas cooler 

Feedwater to 2 ~a syngas cooler 

Steam producli on fi~om syngas cooler 

Hot water fi'om 2 "a syngas cooler 

Hot water from 2 ~a syngas cooler 

Korean 3. Chem. Eng.(Vd. 18, No. 1) 
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Table 3. Analysis reslflts of the gas cooling sadstem 

J.4. Khn r al. 

(exergies in MW) 

E~ Eo~ Eco~ E~u..~ E~o 3' (%) %.o (%) 

Quenching 1100.901 1093.460 7.441 4.265 3.176 1.114 0.475 
1 sr SGC 1143.430 1125.104 18.326 16.001 2.325 2.743 0.348 

2 ~ SGC 1056.344 1052.766 3.578 0.567 3.011 0.535 0.451 

Compressor 490.978 490.940 0.038 0.011 0.027 0.006 0.004 

Split 1033.654 1033.654 0.000 0.000 0.000 0.000 0.000 

Sub Total 29.383 20.844 8.539 4.397 1.278 

dillh'ence between the two fluids enables lowering of exea'gy con- 
stmaption due to lowering file drivilg force. F~z~ ha the ftrst syngas 
cooler was calculated by employing Eq. (2), and avalue of 16.001 
MW was obtained. The T,~ . . . .  of  the present study was 328~ 
which was the temperature of sattwated steam at 127kg/cm 2, the 
maximmn main steam pressm'e in a combined cycle, which was 
adopted ha a gas cooler 
(c) Second syngas cooler 

The second syngas cooler i.s a heat exchanger which heats feed 
water willie cooling file gas from 360 ~ to 235 ~ "Ihe pinch tem- 
perature of the second s3algas cooler of this study was about 18 ~ 
As in the recent Wend of  designing heat exchangetN as close to 13 ~ 
in pinch temperature as possible, file minimum pinch temperature 
in this study was 13 ~ for file calculation of F4~. F~v obtained 
from Eq. (3) with the properties of Aspen Plus was 0.567 MW. 
(d) Recirculation gas compressor for quenching 

The pressure o f a  recirculated quenching gas was raised by agas 
compressor at the exit of  the sepm'ator. At 0.516 kg/cm 2 the isen- 
tropic efficiency of a compressor used in the present process was 
72%. EM~ of a compressor v~,s calculated according to Eel. (5). For 
the compressor of 90% efficiency con'e~ponding to the minimum 
entropy production, E~e~ estim ated was 0.011 MW. 

These results are shown in Table 3 mid Fig. 5. As shown in Table 
3, the exergy consumption of the syngas cooling system is 29.383 
MW, ofwNch the inherent loss, estimated by taking into consider- 
a/ion practical technical and economic conditions at present, i_e., 
the minimum loss for the process driving, F ~  of  the system, was 
20.844 MW. Hence, E~o ~ , s  8.539 MW, and %vo, which indicates 
the maximum possibility for the knprovement of file efficiency of  
the entire ICCC system due to the contribution in file syngas cool- 
ing system was 1.278% 

Fig. 5. Comparison of nummum and avoidable losses in the 
cooling system. 
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Analysis has been perfomaed in file possible reduction of avoid- 
able exetgy consumption for perfonnance improvement. The alter- 
natives or vmiables in the examination for performance improve- 
mint oflbe syngas cooling system include: 1) incieasing the quen- 
ching temperature f i~n 900~ to 1,100~ 2) lowering the pinch 
temperature of the second s3algas cooler fi'om 18~ to 13 ~ 3) 
raising the efficiency o f a g a s  compressor from 72% to 90%; and 
4) increasing lhe main stream pressure fi~om 103 kg/cm 2 to 127 kg/ 
enl 2. Models with file four alternatives above were developed and 
simulations were peffomlec[ And the exelgy consumption Em~ 
avoidable exergy E ~  and its deviation fix~n file base case, AEa:o 
and also file dknensionless ratio and its deviation from the base case 
Ay~,o were calculated and discussed. 
1. The Increase in the Quenching Temperaawe 

The remits of calculations for the increase of  the quenching tem- 
perature fi'om 900 ~ to 1,100 ~ me shown in Table 4. The avoid- 
able exezgy consmnption of 3.176 MW was improved by reducing 
the flow rate of  quench gas, mad the improved value of the avoid- 
able dimensionless i~io A%,o was 0.475%. Increase in file quen- 
ching m n p e m ~ e  brought an add~ional exergy consmnption of 
2.706 MW in the fLrst syngas cooler. However as the exergy value 
of  the steam produced was increased along win  file increase in 
loss, aportion of  this exelgy consumption ~as  reduced in a steam 
cycle mad steam turbine. Exergy consumption of 1.43 MW was re- 
duced by loweimg of  gas flux in the second syngas cooler, and in 
the compressor, file loss was reduced by about 0.018 MW due to 
lowerlug o f  gas flow for quenching From all these values, it was 
sho~n lhat the amount of avoidable exetgy was lowered by 1.908 
MW due to an increase in file quenching tempem'ure in the entire 
syngas cooling system. 

The effects of the ino~ease in the quenching tempera'ure to 1,100 
~ to the ent~-e syst~n compared to the base case are shown in Table 
5. Change in the quenching temperature inoeased the exergy ef- 
ficiency by 0.449% and power output by 3 lVIW. It was also shown 

Table 4. Analy~s results of the gas cooling system (the effect of 
quench temperature increase) (exe~gies in MW) 

Eec~v E,~v Exeo 7xuo &Ex~o A'~'x~o (%) 

Quenching 4.265 4.265 0.000 0.000 3.176 0.475 
I sr SGC 21.032 16.001 5.031 0.762 -2.706 -0.405 

2 m SGC 2.148 0.567 1.581 0.239 1.430 0.214 

Compressor 0.020 0.011 0.0189 0.003 0.008 0.001 

Split 0.000 0.000 0.000 0.000 0.000 0.000 
SubTotal 27.465 20.844 6.631 1.004 1.908 0.285 
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Table 5. The effect of quench temperature increase to total sys- 
tem (exelgies in MW) 

Base case Results Differences 

E~0~ 668.200 668.200 0.000 

Ee .... 282.100 285.100 3.000 

Eco~ 352.075 349.075 -3.000 

T 52.690 52.241 -0.449 (ATAvo) 
e 42.218 42.667 0.449 

Table 6. Analysis results of the gas cooling system (the effects of 
lower pinch temperature) (exergies in MW) 

Quenching 7.506 4.265 3.241 0.485 -0.065 -0.010 

1 sr SGC 17.637 16.001 1.636 0.245 0.689 0.103 

2 ~ SGC 3.355 0.567 2.788 0.417 0.223 0.033 

Compressor 0.034 0.011 0.023 0.003 0.004 0.001 

Split 0.000 0.000 0.000 0.000 0.000 0.000 

SubTotal 28.532 20.844 7.688 1.150 0.847 0.126 

that the output increase was identical with the reduction in exergy 
conslmlp~oil, and the efficiency was increased by an equal amount 

in the deviation of dimensionless ratio A?Avo. 
2. Reduction of the Minimum Approach Temperatm~e Dif- 
fel~nce in the Second Syngas Cooler 

The calculated results of lowering the pinch temperature of sec- 
ond syngas cooler flora the base case of 18 ~ to 13 ~ for the syn- 

gas cooling system are shown in Table 6. Since the tempemtta-e of 
the gas discharged from second syngas cooler was lower by 5 ~ 
compared to the base case, the temperature of the gas for quench- 

ing was lower than that of the base case as weU. 
Therefore, the temperature difference between two fluids to be 

mixed at the quencher was larger by about 5 ~ and the exergy con- 
sumption was increased by 0.065 MW. 

In the fipst syngas cooler, the amount of exergy consumption was 

reduced by about 1.6MW comp~ed to the base case clue to low- 
ering of syngas flux. In the meanthne, in the second syngas cooler 
and the compressc~; exergy consumption was reduced to 0.2231VDV 
mad 0.004 MW, respectively. It is shown that the amount of exergy 
consumption that is reduced clue to lowering of the minmmm ap- 

proach teanpea-ature difference of the second syngas cooler is 0.847 
MW. As a result of tiaese improvements, the power output was in- 
creased by 1.501 MW, while the efficiency was increased by 

0.157% as shown in Table 7. 

Table 7. The effect of decrease in the minimmn temperature dif- 
ference in second gas cooler to total system 

(exeigies in MW) 

Base case Results Differences 

E~r 668.200 668.200 0.000 

Ep .... 282.100 283.151 1.051 

Ec, oN 352.075 351.024 -1.051 

T(%) 52.690 52.533 -0.157(AyAro) 
(%) 42.218 42.375 0.157 
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Table 8. Analysis results of the gas cooling system (the effects of 
increase in gas compressor efficiency) 

(exeigies in MW) 

Quenching 7.446 4.265 3.181 0.476 -0.005 -0.001 

1 sr SGC 18.216 16.001 2.215 0.331 0.110 0.016 

2 l~ SGC 3.568 0.567 3.001 0.449 0.010 0.002 

Compressor 0.013 0.011 0.002 0.000 0.0267 0.004 

Split 0.000 0.000 0.000 0.000 0.000 0.000 
SubTotal 29.263 20.844 8.399 1.256 0.142 0.021 

Table 9. Analysis results for gas cooling system (the effect of in- 
crease in main stream pressure) (exelgies in MW) 

Eco,~ E,~ EAvo ~',~o (%) AE~o A~,,~o (%) 

Quenching 7.441 4.265 3.176 0.475 0.000 0.000 

1 sr SGC 17.263 16.001 1.262 0.189 1.063 0.159 

2 lm SGC 3.578 0.567 3.011 0.451 0.000 0.000 

Compressor 0.038 0.011 0.027 0.004 0.000 0.000 

Split 0.000 0.000 0.000 0.000 0.000 0.000 

SubTotal 28.320 20.844 7.476 1.119 1.063 0.159 

3. Increase in Efficiency of a Gas Compressor for Quenching 
The calculation results for the effect of increasing the efficiency 

of a gas colnpressor for quenching froln 72% to 90% on the syn- 
gas cooling system are shown in Table 8. The effect of this vari- 
able on the IGCC system is found to be ~sigaaificant, and tiaere- 
fore, excluded fiom the analysis. 
4. Incl~ase in the Main Steam Pressure 

The first syngas cooler is a two-phase heat exchanger; it is op- 
erated at a saturated teanpea-atta-e and the main point of improving 

perfonnanoe of exelgy is in the increase of the sattaated tempera- 
ttae accordiig to the increase in the main steam pressure. The main 

steam pressure of the base case is 103 kg/cm 2, and 127 kg/cm 2, 
which is a realistically applicable pressure to the IGCC system, is 
selected in tim analysis. The result of calculation is shown in Table 

9. It is found that there are no effects of the increase in the main 
steam pressure on the quencher, second syngas cooler, and com- 
pressor Only exergy consump6on in the fu-st syngas cooler is re- 
duced due to lowering of the minhnum approach tempel-amre dif- 
ference between finds since there is a temperattue increase of about 

10 ~ due to increase in tile ste~l pressure in the first syngas cool- 
er. How the increase in the steam pressure affects the IGCC sys- 

teln is shown in Table 10. 

CONCLUSIONS 

Table 10. The effects of the main steam pressure increase to to- 
tal system (exergies in MW) 

Base case Results Differences 

E~  668.200 668.200 0.000 

E~ ..... 282.100 284.114 2.014 

Ec,oN 352.075 350.061 -2.014 

~'(%) 52.690 52.389 -0.301 (6~'A vo) 

(%) 42.218 42.519 0.301 
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Through an exeigy analysis typically performed for a syngas 
cooling system, the exergy consumption for driving a process and 
the avoidable exeigy consumption in the total exeigy consumption 
were found to be 20.8 MW and 8.5 MW, respectively. The avoid- 
able energy consumption dimensionless ratio ]tAvo of the system per- 
fommnce was 1.28%; hence, the pot~ltial for improving the effi- 
ciency of the IGCC plant due to the improvement of the syngas 
cooling system was also 1.28%. The analysis also showed that the 
avoidable exeigy consumption was 3.18 IvDV in the quencher, in- 
dicaling the greatest potential for performance improvement of this 
equipment The exeigy atMysis method used previously, however, 
misdkected efforts for improvement since the total exelgy con- 
strnption was highest (18.33 MW) in the fu~t syngas coole~: When 
the designer realizes that the other equipment (quencher) has the 
highest potential, the system should repeatedly be mcxdified for im- 
provement in system perfom~ance after the entke system is rede- 
signed because of this misled guidance. The method of avoidable 
exelgy comtmaption m~alysis suggested in this study could suc- 
cessfially be employed to prevent orto reduce the efforts caused by 
lrial and error steps in the system design. 
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