&

Y
sl S8
Journal of Farayandno — Vol. 17 — No. 78 (2022): 5-21 Y e

Research Article

Application of Heat Integration in Reducing Energy

Consumption in the Ethane Extraction Unit
g

Mohammad Mazidi Sharfabadi **, Esmaeil Rezaei?, Fatemeh Goodarzvand-Chegini * Mohammad
Jaberi *, Reza Fatollahzadeh Attar °, Younes Malekzadeh °, Mehdi Agharazi °

! Assistant Professor of Mechanical Engineering, Development and Optimization of Energy Technologies
Division, Research Institute of Petroleum Industry, Tehran, Iran
? Head of Research and Development Division, Pars Petrochemical Company, Asalouyeh, Bousher, Iran
® Instructor of Chemical Engineering, Development and Optimization of Energy Technologies Division,
Research Institute of Petroleum Industry, Tehran, Iran
*MS of Chemical Engineering, Development and Optimization of Energy Technologies Division, Research
Institute of Petroleum Industry, Tehran, Iran
® Research and Development Division, Pars Petrochemical Company, Asalouyeh, Bousher, Iran
® Process Engineering Division, Research, Pars Petrochemical Company, Asalouyeh, Bousher, Iran

Received: 14 Feb 2022 Accepted: 22 Jun 2022

Abstract

Heat integration using pinch analysis is one of the most important practical tools to achieve solutions
that reduce energy consumption in operational units. Using this tool and determining the targeting,
the conditions of the process in which the maximum potential of energy savings can be achieved are
examined and evaluated. The method of this paper is to analyze the best energy saving opportunities
using the pinch analysis method in the Ethane extraction unit of Pars Petrochemical Company. In this
research, the approach based on the limitations of the industry and the application of solutions that
impose the less modifications and investment costs on the industrial unit have been used.Technical
and operational studies show that the most opportunities for energy savings occur in heat integration
between air coolers and heat exchangers. According to the two final solutions, 12,950 Kilowatt of
energy will be saved annually in this unit.
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Type Name phase TS [°C] TT[°C] AH [KW] [kW/°C]m c,
Cold E-0111 shell/ (Heater) gas 15.43 220 2305 11.268
Hot AE-1214 tube gas 92.48 64.92 21592 783.453
Hot E-1215/ (SW) gas 64.92 40 19569 785.274
Hot AE-2214 tube gas 92.48 64.92 21592 783.453
Hot E-2215/ (SW) gas 64.92 40 19569 785.274
Cold E-0311 tube/ (REB) LP liquid 75.51 78 35821 14385.96
Hot E-0312 tube/ (REF) gas -5.91 -8.42 23005 9165.338
Cold E-0313 tube/ (REB) LP liquid 108.88 111.9 29014 9607.271
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Cold E-0511 shell/(Heater) HP gas 17.28 285 6349 23.715
Hot AE-0512 tube gas 279.97 60 5292 24.058
Hot AE-0513 tube gas 148.64 65 2086 24.94
Hot E-0711 tube/ (SW) gas 90.55 51.44 74091 1894.426
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Firing Duty Cost, ($/1000m®) | 72.2 | Power Cost ($/kWH) | 0.05
Cooling water cost, ($/1000 gal) | 0.2 Plant Life Time, (Y) 30
Interest Rate (1), (%) 18 | Maximum Payback, (YY) 5

Investment Cost

Area Capital Cost ($) =A+B(Area)©

Area Capital Factor A ($) 22400
Area Capital Factor B 4430
Area Capital Factor C 0.74
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Cold Utility (kW) 237012 231102
winge ATmin 30 C2 031,805 iy 5Ldd 90 8y 9 05 S Sl g STa> —F Jgax
ATmin Current (176 °C) Target (59 °C)
Hot Utility (kW) 115828 109918
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Existing Modified
Duty (kW) 6349.00 2099.00
Shell Tin (°C) 17.28 196.50
E-0511 Tour (°C) 285.00 285.00
Tube Tin (°C) 408.60 408.60
Tour (°C) 248.29 248.29
Duty (kW) 5292.00 1042.00
Shell Tin (°C) 48.00 48.00
AE-0512 Tour (°C) 58.00 58.00
Tin (°C) 280.00 103.31
Tube Tour (°C) 60.00 60.00
Duty (kW) - 4250
Shell Tin (°C) - 17.28
New Exchangers Tout (°C) - 196.49
T (°C) - 279.97
Tube Tour (°C) - 103.31
Total saving (kW) - 4250
Total Natural Gas saving ($/year) 341162
Natural Gas price ($/m°n.c) 0.063
Electricity Price ($/kWh) 0.0602
Total Electricity saving ($/year) 4108
Total Energy saving ($/year) 345270
Area Requirement (m?) - 220
Area Investment Cost ($) - ~0.26M
NPV ($) | 1,707,259 PP (Y1) 0.6
IRR (%) 133
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Existing Modified
Duty (kW) 35821.03 27121.03
shell Tin (°C) 156.15 156.15
E-0311 Tour (°C) 99.80 99.80
Tin (°C) 75.51 76.12
Tube Tour (°C) 78.00 78.00
Duty (kW) 21591.99 12891.99
Shell Tin (°C) 48.00 48.00
AE-1214/2214 Tour (°C) 58.00 58.00
Tin (°C) 92.48 81.37
Tube Tour (°C) 64.92 64.92
Duty (kW) - 8700
Shell Tin (°C) - 92.48
New Exchangers Tout (°C) - 81.38
Tin (°C) - 75.51
Tube Tour (°C) - 76.12
Total saving (kW) - 8700
Total Natural Gas saving ($/year) 698379
Natural Gas price ($/m°n.c) 0.063
Electricity Price ($/kWh) 0.0602
Total Electricity saving ($/year) 73038
Total Energy saving ($/year) 771417
Area Reguirement (m?) - 3401.57
Area Investment Cost ($) - ~1.84M
NPV ($) 2,094,056 PP (Yr) 2.2

IRR (%)

39
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