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ARTICLE INFORMATION ABSTRACT

Original Research Paper The waste heat management in heavy industry significantly increases productivity in this sector.
Received 11 February 2018 Organic Rankine cycles (ORCs) are appropriate technology for the conversion of low quality thermal
Accepted 10 April 2018 energy to electrical power. The Organic Rankine Cycle (ORC) applies the principle of the steam
Available Oulive 11 May 2013 Rankine cycle, but uses organic working fluids with low boiling points can be used to recover heat from
Keywords: lower temperature heat sources. Iq this study the performances qf three different crgapic Rankine cycles
Organic Rankine Cycle (ORCs) systems including the basic ORC (BORC) system, the single-stage regenerative ORC (SRORC)
Waste Heat system and the double-stage regenerative ORC (DRORC) system using five different working fluids
Exergy under the same waste heat condition are optimized by thermo-economic method using genetic
Thermo-economic algorithm. The results indicate that the R113 has the best performance between fluids. By using
Genetic algorithm

economic analysis, the optimized turbine inlet temperature and pressure in comparison with when
thermodynamic analysis uses only, decreases. By changing basic Rankine cycle to the single-stage
regenerative and the double-stage regenerative cycles, 12.5% and 18.75% change in specific power cost
occurs respectively. Also results indicate that, as superheat degree in turbine inlet increases, the specific
power cost increase and the exergy efficiency of system decreases.
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Table 1 Thermodynamic properties of working fluids
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GWP OoDp [year] [K] [MPa] [K] [kg/kmol]
Ses 950 0 7.2 Bl 427.2 3.64 288.05 134.05 B
700 0.086 953, na. 47996 4.46 3052 116.95 R141b
120 0.012 1.3 Bl 456.83 3.662 300.97 152.93 R123
4600 1 45 Al 471.11 4.408 296.86 137.37 RI11
6130 0.9 85 Al 487.21 3.392 320.74 187.38 R113
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Fig. 2 System layout and cycle T-s chart of the single-stage
regenerative ORC system
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Fig. 1 System layout and cycle 7-s chart of the basic ORC system
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Fig. 3 System layout and cycle 7-s chart of the double-stage
regenerative ORC system
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Table 3 Cost balance and auxiliary equations for system components
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Table 4 Configurations of genetic algorithms
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TableS validation of simulations by R11 with ref. [§]
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P;(kPa) 125.961 125.3 125.961 125.3 125.961 125.3
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7 50.61 584 55.00 63.19 56.87 65.2
7 13.89 15.99 15.64 17.98 16.21 18.62
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Wpa(kW) - - 0.138 0.1457 0.128 0.1396
Wpa(kW) - - - - 0.074 0.07804
Wi (kW) 40.003 4391 16.845 17.65 15.418 16.17
We(KW) 38.641 4241 16.111 16.88 14.720 15.43
m (kg/s) 1.215 117 0.568 0.5212 0.536 0.4929
Qe (kl/s) 278.267 265.1 102.999 96.63 90.800 91.32
Qe (kl/s) 239.626 2227 86.888 93.89 76.080 82.89
Xei - - 0.20309 0.2031 0.132 0.1323
Xe2 - - - - 0.128 0.129
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Table 6 Optimum solution of the BORC for different working fluids
R123 R113 RI1 R245fa R141b
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Table 8 Optimum solution of the DRORC for different working fluids
R123 R113 R11 R245fa R141b
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Fig. 7 Effects of Turbine inlet Superheat degree on Specific power cost
for R245fa
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