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ηs,GT=86%, ∆Tpp,HRSG=30 K, Ẇnet,GT=30 MW ). . . . . . . . . . . . 69
3.7 Model validation for the R-ORC (PV G=2500 kPa, TCOND,in=298 K,

TCOND,out=308 K, ∆Tpp,V G=10 K, Q̇V G=252 kW, Fluid: R123 ). . . . 69
3.8 Thermodynamic properties at various states of system-I. . . . . . . . 72
3.8 Thermodynamic properties at various states of system-I (continued). 73
3.9 Thermodynamic properties at various states of system-II. . . . . . . . 74
3.10 Thermodynamic properties at various states of system-III. . . . . . . 75
3.11 Thermodynamic properties at various states of system-IV. . . . . . . 77
3.11 Thermodynamic properties at various states of system-IV (continued). 78
3.12 Energy outputs of the four CPC systems. . . . . . . . . . . . . . . . . 78
3.13 Component wise exergy performance parameters of systems-I and II. 79
3.14 Component wise exergy performance parameters of systems-III and IV. 80

4.1 The base case working conditions used for modelling the RR-ORC
layouts [3]. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93

4.2 Component-wise energy balance equations. . . . . . . . . . . . . . . . 94
4.3 Component-wise exergy balance equations. . . . . . . . . . . . . . . . 95
4.4 The exergoeconomic input parameters. . . . . . . . . . . . . . . . . . 96
4.5 The correlations used in calculation of the purchased equipment costs. 97
4.6 The cost equations formulated for the ORC layouts. . . . . . . . . . . 97

xii



4.7 The parameter settings used for executing PESA-II [8, 9]. . . . . . . . 100
4.8 Model validation of the ORC layouts with those of Ref. [19]. . . . . . 102
4.9 Optimal decision variables and objective function values of the four

ORC configurations. . . . . . . . . . . . . . . . . . . . . . . . . . . . 108
4.10 The state properties, mass flow rate and the exergy rate at each state

point of the ORC configurations. . . . . . . . . . . . . . . . . . . . . 109
4.11 Energy-based performance parameters of the four ORC configurations.109
4.12 Exergy and Exergoeconomic parameters obtained at the optimal con-

ditions of the ORC configurations. . . . . . . . . . . . . . . . . . . . . 111
4.13 The cost flow rate and the cost per unit exergy at each state point of

the ORC configurations. . . . . . . . . . . . . . . . . . . . . . . . . . 113

5.1 The parameters used in the modelling of the GT cycle [20, 26]. . . . . 123
5.2 The parameters used in the modelling of the ST cycle and HRSG [26,

33]. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 123
5.3 The parameters used in the modelling of RR-ORC and ACS [25, 26, 30].124
5.4 Exergy balance equations for all components of system-I. . . . . . . . 126
5.5 Exergy balance equations for all components of system-II. . . . . . . 127
5.6 Exergy balance equations for all components of system-III. . . . . . . 127
5.7 Exergy balance equations for all components of system-IV. . . . . . . 128
5.8 Cost balance equations for each component of the system–I. . . . . . 132
5.8 Cost balance equations for each component of the system–I (continued).133
5.9 Cost balance equations for each component of the system–II. . . . . . 134
5.10 Cost balance equations for each component of the system–III. . . . . 135
5.11 Cost balance equations for each component of the system–IV. . . . . 136
5.11 Cost balance equations for each component of the system–IV (con-

tinued). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 137
5.12 Properties at various states points of system-I. . . . . . . . . . . . . . 143
5.12 Properties at various states points of system-I (continued). . . . . . . 144
5.13 Properties at various states points of system-II. . . . . . . . . . . . . 145
5.14 Properties at various states points of system-III. . . . . . . . . . . . . 146
5.15 Properties at various states points of system-IV. . . . . . . . . . . . . 147
5.15 Properties at various states points of system-IV (continued). . . . . . 148
5.16 Energy outputs of the four CCHP systems. . . . . . . . . . . . . . . . 148
5.17 Exergy and exergoeconomic performance of the components of system-

I. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 150

xiii



5.18 Exergy and exergoeconomic performance of the components of system-
II. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 151

5.19 Exergy and exergoeconomic performance of the components of system-
III. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 152

5.20 Exergy and exergoeconomic performance of the components of system-
IV. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 153

5.21 Exergy, exergoeconomic and environmental performance of the CCHP
systems. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 154

5.22 Performance comparison of the CCHP systems with CPC systems. . . 155
5.23 The weights of each objective function estimated using the Entropy

method. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 169
5.24 The optimal values of the decision variables. . . . . . . . . . . . . . . 172
5.25 Comparison of objective function values at the base case and optimal

conditions. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 172

A.1 Purchase equipment costs at the optimal conditions of the ORC con-
figurations. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 190

A.2 Purchase equipment costs for each component of four CCHP systems
at the optimal conditions. . . . . . . . . . . . . . . . . . . . . . . . . 190

xiv



List of Symbols

Abbreviations

4E Energy exergy exergoeconomic and environmental

ABS-I Absorber of ACS-I

ABS-II Absorber of ACS-II

AC Air compressor

ACS Absorption cooling system

ACS-I Steam driven ACS

ACS-II Gas driven ACS

APH Air preheater

APTD Approach point temperature difference

AWT Ammonia water turbine

CC Combustion chamber

CCPP Combined cycle power plant

CHP Combined heat and power

CON-I Condenser of ACS-I

CON-II Condenser of ACS-II

COND Condenser of ORC layouts

COP Coefficient of performance

CPC Combined power and cooling

ECO Economizer

ERS Ejector refrigeration system

EV-I Expansion valve of ACS-I

EV-II Expansion valve of ACS-II

xv



EVA-I Evaporator of ACS-I

EVA-II Evaporator of ACS-II

FH Feed heater

FP Feed pump

GA Genetic algorithm

GDEA Genetic diversity evolutionary algorithm

GEN-I Generator of ACS-I

GEN-II Generator of ACS-II

GT Gas turbine

HRSG Heat Recovery Steam Generator

HRVG Heat recovery vapour generator

HVAC Heating ventilation and air conditioning

IEA International energy association

IHE Internal heat exchanger

KC Kalina cycle

MCDA Multi-criteria decision analysis

MOEA Multi-objective evolutionary algorithm

MOGA Multi-objective genetic algorithm

MOPSO Multi-objective particle swarm optimization

NIST National Institute of Standards and Technology

NSGA-II Non-dominated sorting genetic algorithm-II

OFWH Open feed water heater

ORC Organic Rankine cycle

OWH Open water heater

PESA-II Pareto envelope-based selection algorithm-II

PPTD Pinch point temperature difference

PSO Particle swarm optimization

R-ORC Recuperative organic Rankine cycle

RR-ORC Recuperative-Regenerative organic Rankine cycle

xvi



SHE-I Solution heat exchanger of ACS-II

SHE-I Solution heat exchanger of ACS-I

SOFC Solid oxide fuel cell

SP-I Solution pump of ACS-I

SP-II Solution pump of ACS-II

SPEA-II Strength Pareto evolutionary algorithm-II

SPECO Specific exergy costing

ST Steam turbine

SUP Superheater

System-I First configuration of CPC/CCHP system

System-II Second configuration of CPC/CCHP system

System-III Third configuration of CPC/CCHP system

System-IV Fourth configuration of CPC/CCHP system

TOPSIS Technique for order preference by similarity to ideal solution

VG Vapor generator

VT Vapor Turbine

WH Water heater

Greek letters

∆ Percentage change (%)

η Energy efficiency (%)

ω Effectiveness (%)

ϕ Maintenance factor (–)

π Dimensionless pressure (–)

θ Dimensionless temperature (–)

ε Exergy efficiency (%)

Nomenclature
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ĊD,k Exergy destruction cost rate ($/h)
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