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Abstract

Integrated management of water supply and wastewater treatment has an essential role
for reduction of cost of supplying water and treating water effluents of industrial
process plants. Several approaches have been proposed for optimal design of water
networks in oil, gas and petrochemical industries. Each of these methods have their
advantages and drawbacks. In the present study, a general and simple method is
proposed for integrated design of non-isothermal water networks that consists of two
stages: (1) designing of integrated water networks by using the concentration potential
method, and (2) applying pinch algorithm to develop the energy network related to the
designed water network at the first stage . Also, for verification of the suggested method
an industrial case study has been investigated. The results of applying the proposed
method on the industrial case study have been compared to those of obtained by
heuristic based techniques at 2014. This comparison shows that the non-isothermal
water network designed by our method has lower total annual cost with respect to water
and energy consumption. The essential merit of the method presented in this study is the
development of a general and new algorithm for conceptual design of non-isothermal
water networks in petrochemical, oil and gas process industries. The amount of
consumed water and the total annual cost in the designed network, based on the
proposed method, are 77.28 (Kg/s) and 7942($/y) respectively, and in the network
presented based on the previous method are 87.28 (Kg/s) and 8427 ($/y) respectively.
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Table 1. Thermal used data
Parameters Cost
Cooling utility 6.71 $/(KWY)
Heating utility 59.96 $/(KWY)
Fixed charge 10,000 $
Cost coefficient 800 $/M2
Cost exponent 0.8
Rate of return (ROR) 10%
Plant life (PL) 5(Y)
Overall heat transfer coefficient 0.35 KW/(M?* °C)
Individual heat transfer coefficients 0.6 KW/(M? °C)
Working hours of the network per year 8,766 H
Inlet temperatures of the cooling water 15°C
Outlet temperatures of the cooling water 20 °C
Temperatures of the freshwater 20 °C
Temperatures of the effluent 30 °C
Specific heat capacity of the water 4.186 KJ/(KG °C)
3 st ) i sl 2m s 53 oS ghoan VT e Slalas 1+ Ro%o)"L
olas ¥ Jsax 55 ailiz (Houetal, 2014) <6 8 513 )y AF= PL (¥)
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(®)

Operating Cost (% = (Cooling utility Cost)+
(Heating utility Cost

TAC (%) = (Operating Cost)+ (AF)X (Capital Cost) (?)
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Table 2. Data for studied process
Mass Max inlet Max outlet

Process Contaminants load concentration concentration Tempoeratul‘e
0
(g/s) (ppm) (ppm)
i A 30 50 800 75
3 A 50 800 1100 100
Fresh water 20°C
77.28 kg/S 100 °C Tempera‘[ure
7.28 kg/s Flow
1
Process (2) |¥ >
> 100 °C
100 °C
20 °C 20 kg/s
20 kg/s 2 < y
100 °C
37.28 kg/s
v v Process (1)
50 OC 75 OC
20 kg/s
3 75 °C
40 kg/s
v
Process (3) |,
100°Cc |
100 °C
4 77.28 kg/s
Effluent - o
30 °C
77.28 kg/s

Fig. 3. Designed water consumption network for the studied process
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Fig. 4. The energy network for the studied process
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Table 3. Comparing the results of this study with others
work (Hou et al., 2014)

Case stud Amount of Total annual
y water (kg/s) cost
Heuristic method 2014 87.28 8427
Proposed method in this
77.28 7942

study
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