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Abstract — Petrochemical is an energy consuming industry that consumes about 30% of total industrial energy
consumption and is a representative carbon dioxide (CO,) emission source. Among them, the Naphtha Cracking Center
(NCC), which produces ethylene, propylene, propane and mixed C4, consumes large amounts of energy and emits
significant amounts of CO,. For this reason, an integrated techno economic- environmental impact assessment aimed at
reducing energy consumption and environmental impact factors is necessary to ensure efficiency in terms of economics
and environment. This study aims to analyze the efficiency of the heat exchanger network used in the existing NCC base
on the pinch analysis and select an improvement plan that can reduced energy consumption. In order to reduces the
utility consumption in the process, an optimal heat exchanger network considering the high-temperature and low-
temperature stream was derived, and the economic evaluation was conducted by considering the trade-off between the
reduction in utility consumption and the increase in heat exchanger installation cost. In addition, an environmental impact
assessment was conducted on the reduced CO, emission in consideration of the environmental aspect, and the economic
environmental impact assessment used the payback period to recover the invested funds to come up with an energy
saving plan that can be applied based on the actual process. As a result of considering the economic-environmental
impact assessment, when the environmental impact assessment was not considered, it was 4.29 months, 3.21 months,
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and 3.39 months for each case, and when considering the environmental impact assessment, it was 4.24 months, 3.17
months, and 3.35 months for each case. These results appeared equally both when the environmental impact assessment
was not include and when it was include. In addition, a sensitivity analysis was conducted for each case to determine
how important factors affect the payback period. As a result of the sensitivity analysis, the cost of the heat exchanger

was identified as a major factor influencing the overall cost.
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Table 1. Stream information by case
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Cl-in C-out Heat duty H-in H-out
(©) (©) MWw) (0 (0
C1 105.0 121.0 4.0 160.0 157.2
Cc2 79.40 83.90 6.0 160.0 155.9
C3 82.70 88.00 3.8 160.0 157.4
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Table 2. Steam cost (Borgogna|3])

Steam USD/ton

Medium pressure (MP) 28.08

Low pressure (LP) 29.96
v 7 9% BHE TP o) A 2 @ A 5
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Table 3. CO, emission factor (Wiebe[30])

Energy source CO, (kg CO,/ton-h)

Natural gas 0.051523
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Table 4. Case study 1
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Fig. 4. NCC Process composite curves.

160.0°C 155.0 °
H6
7.3MW
160.0°C 133.4° 130.0°C
T 60.0°C () 4°C 0.0°C
S1.0°C 2. 7MW
HI1 2 ) }
121.0°C 105.0°C 49.4°C, 10.0°C
Cl
o 4.0 MW 14.0MW  9.9MW o
88.0°C /D 82.7°C
\ZJ
3.8MW B
83.8°C e N s
URL, ()
6.0MW

Fig. 5. Base case.
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C89] &5 83.8 C7HA &8 57| $18t¢] 7]Eol| ARg3F-] LP

C-in(TC) C-out (C) Area (m%) ton/h H-in (TC) H-out (C)
Base 105.0 121.0 4.803 298.0 297.0
Case (C1) 105.0 121.0 160.0 157.0
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Table S. Case study 2
C-in(C) C-out (C) Area (m?) ton/h H-in(C) H-out (C)
Base 79.4 83.8 302.3 5977 148.0 147
Case2 (C8) 79.4 83.8 4104 160.0 155.9
Table 6. Case study 3
C-in(C) C-out (C) Area (m?) ton/h H-in H-out (C)
Base 82.7 88.0 124 5.043 148.0 147.0
Case3 (C9) 82.7 88.0 228.9 160.0 157.4
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