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Article Type One of the technologies used in the field of energy efficiency improvement, with a history of fifty years, is the Pinch
Original Research technology. This approach focuses on the pinch point in order to design a heat exchanger network that achieves the

highest possible heat recovery with the least thermal losses. In this study, using Pinch technology, the butadiene
separation unit of the Shazand Petrochemical Company was analyzed, and a network of heat exchangers was proposed
to maximize heat recovery within the system. In this case, a heat exchanger network with 27 exchangers was designed,
where the heating and cooling loads were 209,910 kJ/h and 194,100 kJ/h, respectively. Furthermore, the proposed
network was optimized, and it was determined that in the new design, the total heating and cooling loads decreased by
54,000 kJ/h, while the number of exchangers increased by six. Subsequently, considering the unit’s thermal and
electrical power demands, a combined heat and power (CHP) system based on geothermal energy was designed and
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Table 1 Stream types and required properties for performing a Pinch
Analysis on the Shazand Petrochemical Butadiene unit
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1.794 0.14 142 160 (<) Hot 7
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Table 2 Summary of Performance and Cost Indicators for the Base Case
Heat Exchanger Network, Output from Aspen Energy Analyzer

Network Cost Index
Target Achievement % Cost Index
206.4 1325 x 107+ Heating [Cost/s]
226.1 1.146 x 107° Cooling [Cost/s]
207.8 1439 x 10~* OPEX [Cost/s]
87.92 2.954 x 10° CAPEX [Cost]
90.80 2.615x 1073 Total Cost [Cost/s]
Network Efficiency
Heat Exchanger Network
Target Achievement %
. : (HEN)
206.4 2.1 % 10° Heating [Kj/h]
226.1 1.941 x 10° Cooling [Kj/h]
90.00 27 Number of Units
93.10 27 Number of Shells
69.23 34.73 Total Area [m?]
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Fig.5 Energy vs. Area Plot for the Heat Exchanger Network Retrofit
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Table 5 Information on the utility streams of the current heat exchanger
network, obtained from Aspen Energy Analyzer software.

Utility name  MP steam Cooling water  Hot oil
/ 7 7/
Inlet T (°C) 175 20 280
Outlet T (°C) 174 25 250
Cost index
22%x107% 2.125x1077 3.5x107°
[Cost/kJ] 0 5x10 3.5x10
KkJ
HTC [— 21600 13500 836.22
Target load o n
9.608 x 10* 8.586 x 10
[kJ/h] 5630
Effective Cp
[ K] | 1981 4.183 3
kg.°C
Target flow
rate [kg/h] 48.49 4105.33 62.56
prm— > WNu =671.72 kW
R

80 kPa
366.64 K.

Condenser

363.15K

590 kPa
1100 kPa
45721 K

Geothermal Source

5 0lsi el yehiie a3 (ale)S crej (6551 3 e s & S
S iigle)S (slanjli 4 (usSily

Fig. 9 A geothermal-based system for power generation and satisfying
the network's heating demands.
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Table 3 Summary of Performance and Cost Indicators for the Heat

Exchanger Network in the Base Case and A fter Retrofitting, Output from
Aspen Energy Analyzer

Target Base Case Design

1325 x 10-* 1.325 x 10-* 9.946 x 10-5 11cating Cost Index

[Cost/s]
1.325x 107* 1.325 x 10™* 1.560 x 10° Heating Duty [K]/h]
1325 x 104 1.325 x 10~* 8.268 x 10-6 °0ling Cost Index
[Cost/s]
1.325 x 10™* 1.325 x 10™* 1.401 x 10° Cooling Duty [K]/h]
50.16 34.73 46.90 Area [m?]
- - 19.64 New Area [m?]
29 27 33 Shell
- - 6 New Shell
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Table 4 Cooling and heating loads of the heat exchanger network in the
base case and after retrofit, obtained from Aspen Energy Analyzer

- . . Base case Saving Targets
Utility name Design [Kj/h] Kj/h] Kj/h] Kj/h]
MP steam v 1444x10° 1984x10° 54x10* 9.608 x 10*
Cooling water 7 1401x10° 1941x10° 54x10* 8.586 x 10*
Hot oil v 1151x10* 1.151x 10* 0 5630

Utility Composite Curve
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Fig. 8 Grand Composite Curve with utilities obtained from Aspen
Energy Analyzer software.
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