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The Analysis on Exergy Loss and its Reduction Methods
in Steam Desuperheating and Depressurizing Process
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ABSTRACT

The present paper presented and applied an exergy analysis method to evaluate the magnitudes and the locations of exergy
losses in the conventional desuperheating and depressurizing process of high pressure and temperature steam delivery system.
In addition, for the reduction of exergy losses occurred in conventional process, the present study proposed new alternative
processes in which the pressure reducing valve and the desuperheater of conventional process are substituted with steam turbine
and heat exchanger, and their effects on exergy loss reduction and exergy efficiency improvement are theoretically investigated
and compared. From the present analysis results, the total exergy loss caused in conventional desuperheating and depressurizing
process accounted for 66.5% of exergy input and 85% of the total exergy loss was due to the mixing between steam and cold
water(e.g desuperheating). However, it was shown from the present analysis results that the present alternative processes can
additionally reduce exergy loss by maximum 92.7% of the total exergy loss in conventional process, and can also produce
additional and useful energy, the electricity of 220.6 kWh and the heat of 54.3 MJ/hr.
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Fig. 1 CASE 1 : Water spray process after depressurizing
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Fig. 2 CASE 2 : Depressurizing process after water spray
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Fig. 3 Exergy components in the change of system
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Fig. 4 Exergy components in the pressure change
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Fig. 5 Exergy components in the temperature change
Table 1 Conditions of steam and spray water

Symbol Value Symbol Value
P 10 bar,a Py 10 bar,a
T 250C To 50T
m 9315.6 kg/hr My 684.5 kg/hr
el 9305 kJ/kg e 4.148 k]J/kg
P; 6 bar,a Py -
Ts 1589C Ty -
m3 10000 kg/hr nmy -
e3 290.7 kJ/kg ey -
Pr 10 bar,a Py 10 bar,a
Ty 250C Ty 50T
my 9311.2 kg/hr my 6838.2 kg/hr
er 9305 kJ/kg er 4.148 kJ/kg
Py 6 bar,a Py -
Ty 1589T Ty -
my 10000 kg/hr my -
ey 290.7 kJ/kg er -
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Table 2 Exergy losses occurred in CASE 1
Symbol Value Symbol Value
m 9315.6 kg/hr my 684.4 kg/hr
el 9305 kJ/kg e 4.148 kJ/kg
My.el 8668.2 MJ/hr m2.e2 2.84 MJ/hr
m3 10000 kg/hr my 9315.6 kg/hr
e3 290.7 kJ/kg el 854.4 kJ/kg
M3-e3 2907.0 MJ/hr My-ed 7959.2 MJ/hr
(mre) - (Mued) = 709.0 MJ/hr = Erg
(Mger) + (M) - (m3) = 5055.04 MJ/hr = Erg
(mre) + (M) - (Mg3) = 5764.04 MJ/hr = Erg + Eig
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Table 3 Exergy losses occurred in CASE 2
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Table 4 The alternatives for reducing exergy losses in each CASE

Symbol Value Symbol Value CASES DESCRIPTIONS
my 9311.2 kg/hr my 688.8 kg/hr CASE 1-1 | s Z7gdlog A
er 9305 kJ/kg e 4148 KJ/kg CASE 12| 778 4|2 i)
myer 8664.1 MJ/hr my-e2 2.86 MJ/hr CASE 1.3 AehiEE FUERe R e 4R
my 10000 kg/hr my 10000 kg/hr 22 Al
, 7 k , 42 k ap o | ASHEE Hde] 2715 dudv|R oA F
m? 22%072 hﬁr mff 337120 l\ﬁfm CASE 271\ )12 gerlz gamn saoz od 4%
.03 . o4’ .
CASE 2-2 | 727 9] Zehing Z7|gyoz b
v) - (Mper) = 492496 MJ/hr = Eis
) * (i) (meer) ~ A MY - B e R Auale, g SoEuew
(Mrer) - (M) = 83B.0MJ/hr = Eig CASE 23| 0 oy
(mr.er) + (mp.e2) - (Mye3) = 57599.96 MJ/hr = By + ELo
P, STG
CASE 8 Egel iz 4 Tiw P, P,
5,200 Lnl - E; [ | T;
i -me2geAAEdCASE D ' L = o
——Eg A &2 (CASE 2) P,
~ 5100 T,
= m2
3 s M N
‘— " @ : CASE 1-1
; e 0--_.,__‘___‘__; P;= 10bara
4,900 ——a — " Te=1043C
— mg= 5,000kg/hr
4,350 eg=37.7k]/hr

4,800
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Fig. 6 The changes of mixing exergy losses according to the
temperature differences between two fluids
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Fig. 7 The alternatives for reducing exergy losses in CASE 1
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P,= 10bara
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P, e4=30.17k] /hr P, P,
T, ( - Ty [ T
m, - my m;
ey HX P ey ey
P;= 10bara Tg'
T.=25C m,
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e;=0k]/hr
@ : CASE 2-1
P,
Ty
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e, T | s1G
my P
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P, - 3
2 E- Ma
T, o
m, s
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® : CASE 2-2
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Pl P4'
T, T,
1 SN T STG
My N Py
ey HX ®©s T
3
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Fig. 8 The alternatives for reducing exergy losses in CASE 2
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GMA|EL AE(D)

= [EL(CASE ) — EL(CASE 1,[))] - EL(CASE 1) X ]-OO(%)

E= = [Euease 9 — Brease 2] + Ewnease 9 X 100(%)
(12)
Table 52} Table 69 4 AIZHE CASE 19 3¢

AXR] A AZE F8 2 220.6 kWho] %1719} 54,3
MJ/hro] g A4kst 4= 9lom, CASE 29 %% 188.4
kWho] A7]9} 1509 MJ/hro] L& AR 4=
of| A=t
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Table 5 The results (benefits) of reducing exergy losses in CASE 1
(=] - MJthr)

It CASE CASE CASE CASE
ems 1 1-1 1-2 1-3
m.el 8667.3 8667.3 8667.3 8667.3
mo.e2 2.8 2.8 - -
MY-e4 7959.2 7655.0 7987 7655.0
ms-e3 2907.2 2907.2 7395.6 7395.6
m5.e5 N.A N.A OO OO
MG-e6 NA N.A 1885 5.3
Exergy .
losses (EL) 5763.0 4966.0 1083.7 423.3
Reduction of - 7970 | 46793 | 53397
Exergy losses
Ratio of exergy | oss | 0573 | 0125 | o009
losses( €)
Percent of
reduction of 0 138 812 9.7
exergy
losses(®,%)
Results 220.6 kWh
(Bencfits) 220.6 kWh 1835 1543

Table 6 The results (benefits) of reducing exergy losses in CASE 2
(k2! = MJ/hn)

Ttems CASE CASE CASE CASE
2 2-1 2-2 2-3
my-el’ 8663.6 8663.6 8663.6 8663.6
my.e 29 29 2.9 -
MY-ef 3742.0 7441.4 3484.0 8169.8
mg-ey 2907.2 2907.2 2907.2 7392.5
mM5-e5 NA 0.0 - 0.0
MG N.A 1509 - 150.8
Exergy losses | oon05 | 56056 | 50485 441.9
(EL)
Reduction of - 1508 | 7108 | 53174
Exergy losses
Ratio of exergy | o | 0617 | 0583 0051
losses( €)
Percent of
reduction of 0 96 123 9©3
exergy
losses(®,%)

Results 1884 kWh
(Benefits) 1509 1 1975 kWh +150.9
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Table 7 Criteria of Economic Analysis of improvements

Items Units Values
Type of Fuel - Natural Gas
LHV" of Fuel kcal/m’ 10550
Price of Fuel A/m’ 850
Operating hours Az 8000
Boiler Efficiency % 85
Price of Electricity A/kWh 100

“LHV : Lower Heating Value

Table 8 The results of Economic analysis of improvements
(THe : eHabRl/id)

Ttems CASE CASE CASE
1-1 1-2 1-3
. ; =15 A 8] 7194,
Equipments 5 Hl 2 ul2r o .87
Investment Costs 300 56 334
Benefits 176.5 341 186.3
Payback Periods 1.7 16 1.8
Ttems CASE CASE CASE
2-1 2-2 2-3
. . - 71541,
Equipments kg =714l A w3h]
Investment Costs 32 290 322
Benefits 273 158.0 178.1
Payback Periods 1.2 1.8 1.8
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