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ABSTRACT 
 

The conventional approach followed for the evaluation of a coupled power-refrigeration 
cycle using the first law of thermodynamics is proposed to be substituted by analyzing it 
from the viewpoint of second law of thermodynamics. This paper describes that exergy 
clearly identifies efficiency improvements and reductions in thermodynamic losses paving 
the way for the adoption of green technologies. Exergy can be used to assess and improve 
energy systems by providing more useful and meaningful information than energy analysis. 
This article focuses on the development and state-of-the art of exergy analysis by leveraging 
conventional concepts. The thermodynamic models for energy and exergy analysis for 
computing performance parameters are presented in this paper. 

Key Words : Energy, Exergy, Exergetic efficiency, Exergy destruction,  
Performance, Efficiency. 

 
INTRODUCTION 

Refrigeration and air conditioning 
industry in India is quite large and growing 
rapidly. About 3 million packaged air 
conditioners and 5 million refrigerators are 
sold annually which have an average life of 
10-15 years. The daily energy consumption 
of an air conditioner is 3 kWh and that of a 
refrigerator is 1.5 kWh which works out to 
over 30 GWh of energy per year costing 
about Rs. 135000 million. Even if a small 
saving could be achieved by improving or 
modifying the standard vapour compression 
refrigeration cycle by adopting better 
technologies, it is possible to save substantial 
quantities of high grade energy. This will not 
only benefit the environment and better 

utilization of our natural resources but also 
make the hard to get energy available for 
utilization elsewhere.    

Organic Rankine Cycle (ORC) using 
refrigerants has been studied by many 
investigators to obtain electricity from low 
temperature heat sources.1,2. In a similar way, 
refrigeration cycles using refrigerant steam 
turbine instead of an electric compressor 
have been suggested3-5. The simplest cycle 
uses one working fluid and consists of a 
combination of VCR cycle and Rankine 
cycle sharing a common condenser. Jeong et 
al.6 and Dubey et al.7 have analyzed the 
performance of the coupled power and 
refrigeration cycle. It is found that coefficient 
of performance (COP) of the base cycle is 
not promising compared to other competitive * Author for correspondence 
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cycles such as absorption chiller and gas-
engine heat pump, even though the 
efficiencies of compressor and turbine are 
not so low. To augment the performance, the 
base cycle has been modified. The 
Recuperator is installed before the boiler to 
maximize the temperature difference of the 
two heat- exchanging fluids. The cycle 
performance may also be enhanced by 
adding economizer in the refrigeration cycle 
and recuperator and reheater in the power 
cycle.  

The enhancement of cycle performance 
is based on the principles of conservation of 
energy. The use of energy as a measure for 
identifying and measuring the benefits of 
energy systems can be misleading and 
confusing. Thus, when energy analysis is 
used to assess the benefits of green energy 
and technologies, confusion and inaccuracies 
can results in hindering their acceptance. The 
thermodynamic quantity exergy, which can 
be used to assess and improve energy 
systems, can help in better understanding the 
benefits of utilizing green energy by 
providing more useful and meaningful 
information. Many researchers have 
suggested that the impact of energy use on 
the environment and the achievement of 
increased resource utilization efficiency and 
the economics of energy systems are best 
addressed by considering exergy (Moran, 
1989, Kotas, 1995, Moran and Sciubba, 
1994, Szargut et al., 1988, Szargut, 1980, 
Edgerton, 1992). Consequently, many 
methodologies based on exergy have been 
developed, e.g., exergy analysis for 
improving the efficiency of energy systems 
and exergoeconomics for improving the 
economics of energy systems. The exergy of 
an energy form or a substance is a measure 
of its usefulness or quality, and thus is a 
measure of its potential to cause change. 

Exergy may provide the basis for an effective 
measure of the potential of a substance or 
energy form to impact the environment (e.g., 
Edgerton, 1992; Wepfer and Gaggioli, 1980; 
Reistad, 1970; Sciubba, 1999; Ayres et al., 
1998; Cornelissen, 1997; Connelly and 
Koshland, 1997; Creyts and Carey, 1997; 
Zhang and Reistad, 1998; Crane et al., 1992; 
Rosen and Dincer, 1997, 1999, 2003; Tyagi 
et al., 2005). 

Exergy analysis is capable of identifying 
and remedying inefficiency within the 
system thus bringing about significant 
improvements in its performance. Thus, 
exergy analysis can help locate system non-
idealities that are not identified or 
misevaluated by energy analysis. 
Accordingly, exergy analysis can be used as 
a tool to devise better processes or design 
better components by testing whether their 
exergy destruction rates are lower than for 
the original process/component. Exergy 
analysis also can be used to assess the real 
effect of off-design conditions on individual 
components or overall plants. In essence, 
exergy analysis consists of using the first and 
second laws together for the purpose of 
analyzing the performance in the reversible 
limit and for estimating the departure from 
this limit.3,8,14. 

The objective of this paper is to present 
thermodynamic models of energy analysis 
for a coupled power-refrigeration cycle along 
with modifications to augment the 
performance. The deviation from 
conventional approach followed in the 
performance evaluation of a coupled power-
refrigeration cycle from the viewpoint of the 
second law of thermodynamics has been 
accomplished. Thermodynamic model of 
individual components as well as of overall 
cycle from the point of view of exergy 
analysis is also described.  
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Table 1: Nomenclature 
h         specific enthalpy (kJ/kg) 
m         mass flow rate (kg/s) 
p          pressure (MPa) 
Q         heat (kJ) 
s          specific entropy (kJ/kg-K) 
T          temperature (oC) 
x          dryness fraction 
W         work (kJ) 
c          specific heat 
e          exergy per kg 
E         exergy 
g         acceleration due to gravity 
Z elevation 
 
Greek letters 
          efficiency 
          effectiveness of heat exchanger 
g           dry and saturated vapours 
f            saturated liquid 
t1          high pressure turbine 
t2          low pressure turbine 
add       additional 
f flow 
o environment 
CV control volume 
t time 
II second law 
d destruction 
P product 
F fuel 
L loss 
 
Subscript 
b           boiler 
c           compressor 
C          condenser 
e           evaporator 
sub       subcooled 

m          modified 
c1         first stage compressor 
c2         second stage compressor 
econ      economizer 
p           pump 
r            refrigeration loop 
rh          reheater 
sat         saturation state 
TR        tons of refrigeration 
i inlet 
e exit or outlet 
m mean 
ev expansion valve 
bfp boiler feed pump 
recup recuperator 
 
Superscripts 
. time rate 
CH chemical 
 
Acronym 
COP     coefficient of performance 
 
Exergy and Exergy Analysis 
Defining Exergy 

Exergy is a measure of the usefulness or 
value or quality of an energy form. 
Technically, exergy is defined using 
thermodynamic principles as the maximum 
amount of work which can be produced by a 
system or a flow of matter or energy as it 
comes to equilibrium with a reference 
environment. Alternatively, exergy is the 
minimum theoretical useful work required to 
form a quantity of matter from substances 
present in the environment and to bring the 
matter to a specified state (Moran, 1989, 
Kotas, 1995, Moran and Sciubba, 1994, 
Szargut et al., 1988, Szargut, 1980, Edgerton, 
1992). Unlike energy, exergy is not subject 
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to a conservation law (except for ideal 
processes). Rather exergy is consumed or 
destroyed, due to non-idealities or 
irreversibilities in any real process. The 
exergy consumption during a process is 
proportional to the entropy created due to 
irreversibilities associated with the process. 

Flow Exergy 
This concept is important for the control 

volume form of the exergy rate balance. 
When mass flows across the boundary of a 
control volume, there is an exergy transfer 
accompanying mass flow. Additionally, there 
is an exergy transfer accompanying flow 
work. The specific flow exergy accounts for 
both of these, and is given by   

CH
ooof egZVssThhe 

2
)()(

2

     (1)                                                                                     

where V  is the velocity of fluid stream. 

Exergy Rate Balance for Control Volume 
The general form of control volume 

exergy rate balance is given as, 
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At steady state, .0
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there is single inlet and exit, denoted by 1 
and 2, respectively, steady state form of 
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where jQ
.

 represents time rate of heat 
transfer at the location on the boundary 
where the instantaneous temperature is jT . 

Variables for Exergetic Evaluation 
A comprehensive introduction to the 

exergy concept and its applications is 
provided by Bejan and Tsatsaronis.8,10,12,17 

Important variables for an exergetic 
evaluation of single plant components and 
the overall system are: i. the exergetic 
efficiency and ii.  the exergy destruction rate. 
The exergetic efficiency of a component is 
defined as the ratio between product and 
fuel. The product and fuel are defined by 
considering the desired result produced by 
the component and the resources expended to 
generate the result. 
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The term fuel is used here in a general 
sense and is not necessarily restricted to 
being an actual fuel such as coal, natural gas, 
or oil. Examples for the definition of 
exergetic efficiency of several different types 
of plant components can be found in 8,9,12,17 

The exergy destruction rate kDE ,

.
 due to 

irreversibilities within the kth system 
component is obtained from an exergy 
balance 

kLkPkFkd EEEE ,

.

,

.

,

.

,

.
                         (5) 

where kLkPkF EandEE ,

.

,

.

,

.
,  denote the 

fuel, the product and the exergy loss of the 
kth component. In this study, the 
thermodynamic inefficiencies of a 
component consist exclusively of exergy 
destruction ( 0,

.
kLE 8,10,12,18,20). Exergy 

destruction is caused by effects such as 
chemical reaction, heat transfer through a 
finite temperature difference, mixing of 
matter at different compositions or states, 
unrestrained expansion, and friction. 



Journal of Environmental Research And Development Vol. 4 No. 2, October-December 2009 

563 
 

Heat transfer is the most significant 
cause of exergy destruction in a heat 
exchanger. The exergy destruction qdE ,

.
 due 

to heat transfer from a hot stream (index h) to 
a cold stream (index c) in an adiabatic heat 
exchanger is given by12: 

caha

caha
oqd

TT
TTQTE 


.

,
.

                           (6) 

where oT  and 
.

Q  denote the temperature 
of the environment and the time rate of heat 
transfer. For applications where heat transfer 
occurs at practically constant pressure (as it 
is assumed in Eq. (3)), the thermodynamic 
average temperatures caha TT and  of the hot 
and cold streams, respectively are defined 
by, 

ie

ie
a ss

hhT



                                         (7)                                                                                                                      

Eq. (6) shows that the difference in the 
average thermodynamic temperatures 
( caha TT  ) is a measure of exergy 
destruction. Mismatched heat capacity rates 
of the two streams, i.e. 
( 1)/()(

..
cphp cmcm ), and a finite 

minimum temperature difference minT  are 
the causes of the thermodynamic 
inefficiencies associated with heat transfer. 
Furthermore, the lower the temperature 
levels caha TT  and , the greater the exergy 
destruction for a given temperature 
difference ( caha TT  ). 

Exergy destruction associated with heat 
transfer decreases as the temperature 
difference between the streams is reduced. 
This can be achieved by a larger heat transfer 
area which in turn results in larger pressure 
drop and exergy destruction associated with 
friction. Finally, an increase in the flow 
velocity leads to an improvement in heat 

transfer (reduction of the heat transfer area) 
but also an increase in exergy destruction due 
to friction. 

The exergy destruction ratio kdy ,  
compares the exergy destruction in the kth 
component with the fuel exergy supplied to 
the overall system totFE ,

.
: 

totF

kd
kd

E

Ey
,

.
,

.

,                                               (8) 

This ratio expresses the percentage of 
decrease in the overall system exergetic 
efficiency due to exergy destruction in the 
kth system component. 9,10,12,17. 

Coupled Power-Refrigeration Cycle 
Following assumptions are made to 

develop the simplified thermodynamic model 
for energy and exergy analysis of a coupled 
power-refrigeration refrigeration cycle.  

1. The control volume is at steady state. 
2. The effects of motion and gravity 

can be ignored. 
3. No pressure drop is considered in 

evaporator, condenser, recuperator, 
reheater and economizer. 

4. Environment is regarded as a simple 
compressible system, large in extent, 
uniform in temperature, OT 25oC 
and pressure, Op =1atm. 

5. The isentropic efficiencies of 
compressor, turbine and pump are 
assumed constant within realistic 
limits. 

6. Condenser has given outlet sub 
cooling of 5oC to avoid cavitation in 
the boiler feed pump. 

7. The refrigerant vapours are dry-
saturated at the suction of the 
compressor. 
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8. Heat exchange between the system 
and surroundings, other than that 
prescribed by heat transfer at the 
evaporator, condenser, boiler and 
reheater does not occur. 

9. Heat addition in the boiler is 
externally reversible.  

Coupled Power-Refrigeration Base cycle 

The schematic diagram of base cycle is 

shown in figure 1. In the refrigeration cycle, 

dry-saturated refrigerant vapours from the 

evaporator flows into the compressor, and 

then is discharged into the condenser. The 

subcooled liquid refrigerant at the condenser 

returns to the evaporator through the 

expansion valve and the cycle is completed. 

In the power cycle, the subcooled refrigerant 

at the condenser is pressurized by the boiler 

feed pump, and is heated at constant boiler 

pressure. The pressurized refrigerant flows 

into the turbine which produces mechanical 

work to the compressor of the bottoming 

refrigerant and boiler feed of topping power 

loop, and finally returns to the condenser to 
complete the cycle.  

Thermodynamic model for energy 
analysis 

Refer to schematic and T-s diagram of 
base cycle as shown in figure 1 and 2 
respectively.  

 
Fig. 1 : Schematic diagram of coupled power-

refrigeration base cycle 

 
Fig. 2 : T-s diagram of of coupled power-

refrigeration base cycle 
Thermodynamic states at all salient 

points are located considering the input data. 
Energy analysis is based on the first law of 
thermodynamics which for a control volume 
under steady state, steady flow is given 
below: 
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Applying steady state, steady flow 
energy equation (9) for the boiler feed pump 
as the control volume, work required by the 
pump/kg through the evaporator, 

)( 56 hhmw tp                           (10) 
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Assuming that pump shaft is connected 
to the turbine, the ratio of the fluid flows 
through the power and refrigeration loop 
allows the turbine to produce just enough 
power to drive the compressor and boiler 
feed pump. Therefore, 

)]()[(
)(

5687
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m
m

r

t




                (11) 

COP of the refrigeration cycle is the ratio 
of the cooling produced to the input energy 
required to operate the system which is the 
heat supplied in the boiler for the coupled 
power-refrigeration cycle. Modified COP 
considering the pump work is as follows: 
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41

hhm
hhCOP

t
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                         (12) 

Heat supplied in the boiler/kg through 
the evaporator, 

)( 67 hhmq tH                                      (13) 

Mean temperature of heat addition, 

)( 67 ssm
qT

t

H
bm 
                                 (14) 

Thermodynamic model for exergy analysis 

(i) Compressor 
Applying steady state exergy rate 

balance for compressor,  

dffc eeehhw  )()( 1212           (15)            

Putting the values of specific flow 
exergy at inlet and outlet of the compressor 
from equation (1) into (15), we get, 

)( 12 ssTe od                                     (16) 

In a compressor, refrigerant is caused to 
flow in the direction of increasing pressure 
by means of mechanical power input. As the 
exergy of the stream increases, we consider 
the product to be the exergy increase 
between inlet and outlet. In this case we 

consider the fuel as the work input. The 
exergetic or second law efficiency is then 
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12

12

hh
ee ff

II 


                                  (17) 

(ii) Evaporator Assembly 
The exiting streams from compressor of 

bottoming refrigeration loop and from the 
turbine of the topping power loop mix and 
enter into the condenser.  Heat is rejected 
from the refrigerant to the surrounding 
cooling fluid. Applying steady state, steady 
flow energy equation (9) to the compressor, 
heat rejected from the condenser/kg passed 
through the evaporator, 

)()( 5832 hhmhhq tC                 (18) 

In order to analyze the cycle from a 
exergy analysis view point, special 
considerations are applied to devices such as 
the throttle valve, the condenser, and the 
evaporator. In case of the throttling valve, its 
product is not readily defined if it is 
considered in isolation3,12. Therefore, 
considering the control volume as evaporator 
assembly consisting of condenser, expansion 
valve and evaporator, steady state exergy rate 
balance equation (3) results in, 

  dc
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The term on the left hand side of 
equation (19) represents fuel exergy. The 
first term on the right hand side represents 
exergy corresponding to the cooling effect 
per kg through evaporator which is the 
product whereas the second term is the 
exergy loss per kg passing through 
evaporator. Therefore, the second law 
efficiency of evaporator assembly is, 
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(iii) Boiler Feed Pump 
Steady state exergy rate balance equation 

(3) for boiler feed pump as the control 
volume results in, 

dfftpt eeemwm  )( 56                   (21) 

Computing flow exergies using equation 
(1) at inlet and outlet of pump and 
substituting values in equation (21), we 
obtain, 

)( 56 ssTme otd                                  (22) 

Considering product to be the exergy 
increase between inlet and outlet and fuel as 
the work input of the boiler feed pump, the 
second law efficiency is given by, 
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56

56

hh
ee ff

II 


                                 (23)  

(iv) Boiler 
Applying exergy rate balance for boiler, 

  dfftH
bm

o eeemq
T
T









 671         (24) 

The purpose of the boiler is to increase 
the exergy rate between inlet and outlet for 
the refrigerant liquid. Thus the product is 
taken as exergy rise and fuel as the exergy 
rate associated with heat supplied to the 
boiler. Therefore, the second law efficiency 
of the boiler is, 
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)( 67                             (25)  

(vii) Turbine 
By steady state exergy rate balance for 

turbine as the control volume, 

dtfft ehhmeem  )()( 8787           (26)                                                                        

                                                                                

For a turbine without extraction, we 
consider the power developed as the product 
and decrease in exergy of the expanding 
working fluid from inlet to outlet as fuel. 
Thus, the second law efficiency for the 
turbine is obtained as,   
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Consider that the control volume is 
enclosing all the components. The exergy 
destruction of the whole cycle is the sum of 
exergy destruction of individual components, 
and computed as given below: 

tdbdbfpdassemblyevpdcompd

cycleoveralld
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(28) 
The second law efficiency of the whole 

system can be calculated as the percentage of 
exergy supplied to the system that is 
recovered in the product of the system. 
Identifying the product of the coupled 
power-refrigeration cycle as the exergy 
associated with the cooling effect per kg 
passing through evaporator. Exergy rate 
associated with the heat supplied in the boiler 
per kg through evaporator is considered as 
fuel. Therefore, 
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Coupled Power-Refrigeration Cycle with 
Recuperator 

The schematic diagram of coupled 
power-refrigeration cycle with recuperator is 
shown in Fig. 3. 
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Fig. 3 : Schematic diagram of modified cycle 

with recuperator 

The installation of recuperator between 
the boiler feed pump and boiler maximizes 
the temperature difference of two heat 
exchanging fluid streams. The working fluid 
at the outlet of the boiler feed pump is heated 
by the turbine exhaust, increasing the mean 
temperature of heat addition and reducing the 
heat to be supplied in the boiler, thus 
improving the performance based on the first 
law of thermodynamics. 

The thermodynamic models of the 
modified cycle with recuperator for energy 
and exergy analysis are not presented since 
they are the same as those of the base cycle 
except for the recuperator. The exergetic 
performance parameters of recuperator are 
computed sequentially. 

Steady state exergy rate balance equation 
(3) for recuperator as the control volume 
results in, 

dfftfft eeemeem  )()( 67109      (30) 

The purpose of recuperator is to increase 
the flow exergy of the stream at the inlet of 
boiler by a decrease in flow exergy of the 

exit stream of turbine. Thus the product is 
taken as )( 67 ff ee  and fuel as exergy 

decrease )( 109 ff ee  . Therefore, the second 
law efficiency of the recuperator is given by,  
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Coupled Power-Refrigeration Cycle with 
Recuperator,  Reheater and Economizer 

Thermodynamic Model for Energy 
Analysis 

Refer to schematic and T-s diagram of a 
coupled power-refrigeration cycle with 
recuperator, reheater and economizer as 
shown in Fig. 4 and Fig. 5 respectively.   

 
Fig. 4 : Schematic diagram of modified cycle 

with recuperator, reheater and economizer 

Thermodynamic states at all salient 
points are located considering the input data. 
The cycle is analyzed in the ranges of boiler 
exit pressure and temperature values with the 
constraint of the same boiler and reheater 
exit temperatures. The discharge pressure of 
the first stage turbine is one of of the critical 
parameters to augment performance of the 
modified cycle with recuperator, reheater and 
economizer.  
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Fig. 5 : T-S diagram of modified cycle with 

recuperator, reheater and economizer 

The optimum value of the first stage 
turbine exit pressure is calculated for each 
given boiler exit pressure and temperature 
using the following relation:19, 

brh pp 25.0                                             (32) 

The characteristics of recuperator are 
simply analyzed by the effectiveness of the 
heat exchanger which is assumed in the 
range 0.7-0.9.  

For unit mass flow rate in the evaporator, 
the mass flow rate in the II stage           
compressor is obtained from,  

)1(
1

6
3 x

m



    

(33) 

Since turbine work is directly supplied to 
the compressor and boiler feed pump, mass 
flow required for turbines/kg passed through 
the evaporator is, 
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91015141312
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9 hhhhhh

hhmhhm



    (34) 

Modified COP considering the pump 
work is, 
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Heat supplied in the boiler/kg through 
evaporator is, 

)]()[( 131411129 hhhhmqH          (36) 

Thermodynamic model for energy analysis 

(i) I Stage Compressor 
Referring to equations (1), (3) and (16), 

exergy destruction for the first stage 
compressor, de , is given by,  

)( 12 ssTe od                                       (37) 

and the second law efficiency, 
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 (ii) Evaporator Assembly 
Economizer is used between the two 

stages of  
compression. Referring to the schematic 

and T-s diagram as shown in figure 4 and 5, 
the liquid from condenser at 5 first expands 
into an economizer to 6 at the intermediate 
pressure econp , and then the liquid from 
economizer at 7 enters the evaporator 
through another expansion valve and 
expands to 8. The economizer eliminates 
undesirable throttling of vapour generated at 
the intermediate pressure. Steady state 
exergy rate balance equation (3) for 
evaporator assembly consisting of condenser, 
expansion valves, economizer and evaporator 
is obtained as,                      
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The second law efficiency of evaporator 

assembly is given by, 
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(iii) II Stage Compressor  
For second stage compressor, exergy 

destruction and the second law efficiency 
respectively are determined by, 

dffc eeemhhmw  )()( 3433432          (41) 

and 
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)(
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IIstageII 


                         (42) 

 (iv) Boiler Feed Pump 
For boiler feed pump, exergy destruction 

and the second law efficiency respectively 
are given by the following relations, 

dffp eeemwm  )( 91099                (43) 

and 

p

ff
II w

ee )( 910                                  (44)  

(v) Recuperator 
The flow exergy of fluid stream at the 

inlet of boiler is increased by the decrease in 
flow exergy of the turbine exit stream. Thus 
the product is taken as )( 1011 ff ee  and fuel 

as the exergy decrease )( 1615 ff ee  . 
Therefore, exergy destruction and the second 
law efficiency of the recuperator are found to 
be,  

dffff eeemeem  )()( 1011916159  (45) 

and 
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(vi) Boiler Assembly 
Applying the exergy rate balance for a 

control volume as boiler assembly consisting 
of boiler and reheater, exergy destruction is 
found by,  
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Mean temperature of heat addition in the 

boiler and reheater are found to be, 

)( 11129 ssm
qT b
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)( 13149 ssm
qT rh
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                                (49)                                         

The second law efficiency for boiler 
assembly is the ratio of exergy increase in the 
flowing stream to the exergy rate associated 
with the heat supplied in the boiler and 
reheater. Therefore, the second law efficiency 
of the boiler assembly is, 
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(vii) I Stage Turbine 
Exergy rate balance and the second law 

efficiency for first stage turbine respectively 
are given as, 
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and, 
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(viii) II Stage Turbine 
Exergy destruction and the second law 

efficiency for the second stage turbine are 
given by, 

dff ehhmeem  )()( 1514915149       (53) 

and, 
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The exergy destruction of the whole 
plant is the sum of the exergy destruction of 
individual components. The second law 
efficiency of the whole system is the ratio of 
exergy rate corresponding to the cooling to 
the exergy rate corresponding to the heat 
supplied in the boiler. Therefore, 
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CONCLUSION 

The key conclusions are 

1. The performance enhancement of the 
coupled power-refrigeration cycles 
based on energy analysis is critically 
reviewed. 

2. State-of-the art of exergy analysis is 
reviewed. Exergy analysis enables the 
location, cause and true magnitude of 
waste and loss to be determined. It also 
provides insights that elude a purely 
first-law approach. It is concluded that 
the concepts encompassing exergy have 
a significant role to play in evaluating 
and increasing the use of sustainable 
energy and technologies. 

3. Thermodynamic models for computing 
the performance parameters from 
energy analysis point of view are 
presented.  

4. The models for individual components 
as well as of overall cycle from the 
point of view of the second law of 
thermodynamics i.e. exergy analysis for 
a coupled power-refrigeration base and 
modified cycles are presented.       
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