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Introduction

Steam generation system is a crucial and essential part of food industries which generates and distributes
steam for consumption in domestic production units. Energy analysis based on the first law of thermodynamics
was employed as the basic approach to assess energy systems. However, the energy approach does not provide
information on the degradation of the energy quality occurring within energy systems and is, therefore,
insufficient for sustainable design or optimization goals. Nevertheless, exergy analysis based on both the first
and second laws of thermodynamics can overcome shortcomings of energy analysis. In the present study, the
performance of equipment of the steam generation system in Pakdis’s juice production Company located in
Urmia is investigated. Owing to the energy and exergy analyses, the sites with the highest loss of exergy are
identified as the critical points of the process.

Materials and Methods

In this study, the steam generation unit of a juice production company located in Urmia, West Azarbaijan
province in Iran was exergetically analyzed. Using mass, energy, and exergy balances for each component of the
unit, the thermodynamic objective functions including the exergy efficiency, exergy destruction rate, exergy loss
rate, and the potential improvement rate were assessed. After data acquisition, energy and exergy analysis of this
unit was achieved by solving the related equations with the help of thermodynamic properties along with
programming in EES software package.

Results and Discussion

The results showed that the highest exergy efficiency of 98.44% was assigned to the steam distributor (O) of
the unit with a potential improvement rate of 1.51 kW and an exergy loss rate of 68.80 kW, as well as the pump
(M) before the fourth boiler with an exergy efficiency of 19.69%, had the lowest value of exergy efficiency. The
values of 12.55 and 11.93 kW were obtained for the exergy destruction rate and its potential improvement rate,
respectively. The highest exergy destruction rate of the unit was for the first boiler with a value of 12391.80 kW,
with an efficiency of 19.55% and a potential improvement rate of 10295.26 kW.

Conclusion

With regard to the energy and exergy analyses of the steam production system, more than 98% of the exergy
destruction rate of the entire steam generation system was assigned to boilers, which had a major contribution to
the exergetic efficiency of the system. The highest percentage of potential improvement was related to the first
boiler and also the third boiler had the highest exergy loss rate, although the lowest exergy loss rate was the
expansion tank of the system. In general, this study demonstrated the importance of exergy analysis for detecting
the system components with the highest exergy destruction, which can be a breakthrough to identify these
components and provides suitable solutions to improve the overall exergy efficiency of the steam-generating
system.

Keywords: Exergetic efficiency, Exergy destruction rate, Exergy potential improvement rate, Steam
generation system
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Fig.1. Scheme of central steam generation system: A: heat exchanger; B and P: steam traps; C: condensate tank; D, G, I,
K and M: pumps; E: deaerator; H, J, L and N: boilers; O; steam distributer; R and Q; pressure reducers
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Table 1- Uncertainty analysis for the components of the steam generation unit

Conlad Pas »‘9
Uncertainty Unit

L ol b

Parameters

+0.028 (°C)
+0.015 (kPa
+0214  (kgsh

(Uncertainty in the temperature measurement) le> (¢35l )3 Cuslad pic
(Uncertainty in the pressure measurement) ,Lzé ¢ ,Sojlul ;> cosld pac
(Uncertainty in the mass flow rate measurement of air) lsa o> b &5 s pSoluil > Cunld pac

+0.022 (kgs™)  (Uncertainty in the mass flow rate measurement of water) i o> by 5 € pSojll ) Coshad pic

+1.428 %

(Uncertainty for exergy efficiency of heat exchanger ) ,l,> Jiwe (6j 1 0351 cnad pac
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Table 2- Fluid type, temperature, pressure, mass flow rate, and exergy rate for the streams of the steam generation

system
o lasd S g5 i1 & 8 lows s £ S8 &
45 . Exergy rate 5k . Exergy rate
St:t;)zo. Fluid type (kg\X/) Stﬁtﬁo. Fluid type (S\X/)
1 (Water) o 0.49 27 (Hot water) £ls o 137.37
2 (Steam) iz 68.59 28 (Hot water) £ls o 80.79
3 (Hot water) ¢ls i 27.98 29 (Hot water) ¢ls 1 86.26
4 (Condensate) yslus ol 4.48 30 (Steam) ;> 1620.00
5 (Condensate) uslus o 2.65 31 (AIr) 19 0.00
6 (Condensate) uslus o 120.40 32 (Natural gas) b ;5 11256.60
7 (Condensate) _uilus 142.00 33 (Exhaust gas) 5,5 £ 55 889.44
8 (Steam) s 3.02 34 (Hot water) gls 56.58
9 (Steam) s 1.84 35 (Hot water) £ls o 60.22
10 (Hot water) gls i 146.30 36 (Steam) 926.22
11 (Hot water) gls i 151.10 37 (AIr) lsa 0.00
12 (Steam+ Hot water) gl o+, 11.67 38 (Natural gas) b ;5 4936.08
13 (Hot water) gls i 106.70 39 (Exhaust gas) »¢,> ¢ ;5 579.00
14 (Hot water) gls 1 218.20 40 (Steam) ,1,;, 925.44
15 (Hot water) &ls 11.19 41 (Steam) > 438.70
16 (Hot water) gls U1 114.00 42 (Steam) ,12, 1490.94
17 (Ar) Isn 0.00 43 (Steam) s 1325.14
18 (Natural gas) _x.b ;5 15666.80 44 (Steam) ,ls, 891.20
19 (Exhaust gas) >, ¢ ;5 988.20 45 (Steam) b= 985.10
20 (Steam) b 2122.00 46 (Steam) b 5.82
21 (Hot water) ¢ls o 80.79 47 (Condensate) yuslus 4.14
22 (Hot water) gls i 87.38 48 (Steam) ) 246.29
23 (Steam) s, 1530.00 49 (Steam) s, 177.70
24 (Ar) lgn 0.00 50 (Steam) b, 83.74
25 (Natural gas) b ;5 10574.49 51 (Steam) )5 93.96
26 (Exhaust gas) 9,5 &b ;8 838.20 52 (Steam) 59.75
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Table 3- Inlet and outlet exergy rates, exergy destruction rate, exergy loss rate, exergetic efficiency, and exergetic
improvement potential rate of each component of the steam generation system

. .. 5S|4 . . . .. a33L iUy & 55
sirSiey SIS B S5 &5 " e £
e 52919 gjil):t s3] o 5 E‘f(;:Meiic Im :zile:ment
Subcomponent(s)  nlet exergy Exergy destruction  Exergy loss erg pro\
rate (KW) exergy rate (KW) Rate (KW) efficiency potential rate
Rate (KW) (%) (kW)
(A) Sy Jae 69.08 32.46 32.39 4.22 42.88 20.92
(B) )b als 4.48 2.65 1.48 0.34 59.22 0.74
(C) il 35 183.80 154.20 25.50 4.11 83.89 477
(D) s 154.40 151.10 2.38 1.01 58.73 1.40
(E) s, s> 664.80 336.60 140.70 187.50 50.62 162.10
(F) blusl goie 11.67 11.19 0.01 0.47 95.88 0.01
(G) Jgh s o3 amy 125.20 114.00 10.08 1.19 39.09 6.86
(H) Jgl 550 Kon 15907.30 3110.20 12391.80 405.30 19.55 10295.26
(1) pgd Jbu K3 oy 99.29 87.38 11.27 0.64 35.60 7.67
() pad ylu Kos 10671.25 2368.20 8052.15 250.90 22.19 6460.60
(K) pow )b K55 oy 99.29 86.26 11.28 1.75 29.59 9.17
(L) poms 55 S0 11358.36 2409.44 8502.02 446.90 21.21 7050.85
> &)) (S9N}
P (M) T 75.08 60.22 12,55 2.30 19.69 11.93
(N) p)le> o s 5004.80 1505.22 3381.98 117.60 30.07 2446.90
(0) )b oS x5 6234.42 6137.24 28.38 68.80 98.44 151
(P) yb 4 5.82 4.14 0.06 1.61 7112 0.48
(Q) os,Lizs 438.70 246.29 134.54 57.87 56.14 84.37
(R) oy Lzd 93.96 59.75 30.91 3.29 63.59 12.45
Steam generation unit
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Fig.3. Percentile contribution of the exergy destruction rate of the different components of steam generation unit to the
total exergy destruction rate
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Fig.4. Percentile contribution of improvement potential rate of the different components of steam generation unit to the
total improvement potential rate
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