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Abstract
In recent years, increasing usage of fossil fuels has caused

many environmental problems. So, exploitation of clean
and renewable sources of energies such as solar energy is
considered more seriously among the scientific
communities and valuable research has been done about
the possibility of this energy as source of different power,
cooling and heating generation systems. In this research at
first the cogeneration system comprises the cascade steam
Rankine cycle, absorption cycle and vapor compression
cycle with parabolic trough solar collector as heat source
are simulated from energy, exergy, economic and
exergoeconomic point of view. The simulation proceeds as
follows: first, the mass, energy, and exergy conservation
equations are written, and then, using the cost balance
equation for each system component, the investment cost
and exergy destruction cost rate are calculated. The result
in basic input mode shows that total work output, total
exergy destruction and net exergy efficiency are 35.21
KW, 356.8 KW and 12.5% respectively. The
exergoeconomic results show that total cost rate is 56.86
$/hr and total exergoeconomic factor is 45.02 % that shows
a good balance between initial and exergy destruction cost
rates. Also solar collector and steam turbine should be
further considered from the exergoeconomic viewpoint
since these components have the highest value of cost rate.
At the end, a parametric analysis is done in order to the
investigation of the effect of change steam evaporator
temperature, pinch point temperature different, steam
condenser temperature and generator temperature on
system performance from energy, exergy and
exergoeconomic point of view.

Key Words Solar energy, Steam Rankine cycle,
Absorption refrigeration cycle, Vapor compression cycle

with ejector, Energy, Exergoeconomic.

1. Introduction

In the past years, studies have been carried out using the
steam Rankine cycle, cascade cycle, and refrigeration
cycle. In this research, the thermodynamic characteristics
of cycles have been investigated and their performance
optimized. However, the research on the possibility of
combining the above three cycles for the simultaneous
production of power and cooling has not been done, which
is the main case for this research. A new combination
method of exergy loss and primary equipment price is
introduced to improve the economic optimization of the
system. This method claims that exergy loss and not
energy loss is a suitable concept that can be combined
economically and thereby improve system performance. In
the research, the performance of a new cascade system
consisting of a steam Rankine cycle, absorption
refrigeration cycle, and compression-ejection cycle with
solar energy drive is introduced and studied in terms of
energy and exergy economics. The performance of the
system is that solar energy is used as the driver of the steam
cycle, the heat rejection in the steam cycle is used as the
driver of the absorption cycle, and the absorption
evaporator acts as the condenser of the condensation cycle.
The proposed design of the current research is in the
structure that has been examined and analyzed. The
conducted research includes models for energy and exergy
and economic analysis of these cycles, as well as
innovations about the tools inside it, which are mentioned
below. Bellos et al.[1] investigated the performance of the
single-effect absorption cycle of lithium bromide water
with solar energy drive from the perspective of energy and
exergy. The results indicated that by choosing the solar
exergy efficiency as the target, the linear parabolic
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collector has the highest solar efficiency and the minimum
required collector areca. Nazeri et al.[2], studied and
investigated the performance of the combined Rankine
steam and organic system with waste gases as a propellant
in terms of energy, exergy, and exergy-economics. The
results indicated that using R124 fluid has the highest
exergy efficiency value of 57.62%. Also, to determine the
effect of increasing the inlet pressure of the steam and
organic turbine, the pinch difference and the analysis of the
organic buffer were carried out on the output boundaries.
Finally, two-objective optimization was done by genetic
algorithm and the results indicated that the best result can
be achieved with R152a fluid. Also, Kardegar[3], in a
research, presented an integrated solar-geothermal energy
system. This energy system consists of a one-stage
geothermal evaporation chamber, a single-effect
absorption refrigeration cycle, a heat pump cycle for
drying operations, a solar energy storage system, two
steam turbines for power generation, cooling production
for domestic use, and a heating system. It is made for use.
The results show that the energy and exergy efficiency of
this system is 92% and 57%, respectively.

2. Performance of the combined system
The schematic diagram of the combined system can be

seen in Figure 1 and the schematic diagram of the
temperature-heat transfer rate of the evaporator in the
steam cycle to obtain the temperatures of different parts of
the heat exchanger can be seen in Figure 2. As can be seen
in the figure, the solar driving oil at point 1 acts as the
driver of the combined system, and after reducing the
temperature in the organic evaporator, it returns to the
linear parabolic collector to increase the temperature
again. The steam Rankine cycle is also a simple four-
component cycle that produces power in the turbine and
removes heat in the condenser. The heat rejection of the
steam condenser is a suitable heat source for low-
temperature thermodynamic cycles, and in this research,
increasing the temperature of the steam condenser to 22
degrees Celsius is used as the stimulus for the lithium
bromide-water single-stage absorption cycle. Also, as can
be seen in the figure, a cascade converter is used as a
relationship between the absorption and ejection
compression cycle, and the desired cooling output is
produced in the evaporator of the ejection compression
cycle with fluid as a refrigerant. In the ejector compression
cycle, instead of the common pressure relief valve of the
compression cycle, the ejector is used to reduce the fluid
pressure. The two-phase fluid coming out of the ejector is
also converted into liquid and saturated vapor by the
separator. After passing through the compressor and
increasing the pressure, the saturated vapor goes to the
cascade heat exchanger, and the saturated liquid after
passing through the pressure relief valve and reducing the
pressure goes to the evaporator and produces refrigerant.
It should be mentioned that alcohol solution in water is
considered.
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Figure 1: Schematic design of the combined system

3. Discussion and review

Also, relationships related to exergy-economic analysis in
different components of the combined system are
simulated by EES software. This software has a subset of
properties of different fluids, which will be useful for
simulating the combined system due to the use of different
fluids in different parts. In this part, first, to verify the
results obtained, the output values related to the lithium
bromide-water single-stage absorption chiller with
reference results [4] with completely identical input items
according to Figure 3, in Table 4 related to the ejector
compression cycle with the results Reference [5] is
compared with completely identical input cases according
to Table 5 in Table 6. As can be seen, there is a good
agreement between the obtained results and the reference
results.

4- Results

The output values related to the energy rate and exergies
of different cycle components as well as the exergy
efficiency of different cycle components are listed in Table
7. As can be seen, the highest amount of exergy destruction
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occurs in the solar collector and steam evaporator. Also,
the highest exergy efficiency is related to the absorption
evaporator/condensation condenser, and the lowest value
of exergy efficiency is related to the absorption absorber
and solar collector. Also, in the basic input mode, the total
work base is 21.33 kW, the total irreversibility is 333.8
kW, and the overall exergy efficiency is 12.53%. Finally,
Table 8 shows the exergy-economic results for the
combined cycle. From the table, it is clear that the solar
collector and steam turbine should be considered more
than other components from an exergy-economic point of
view because almost the largest amount belongs to these
components. Also, as can be seen from the table, the
absorption condenser has the lowest value of the exergy-
economic factor. The value obtained for the mentioned
component means that the price of exergy destruction
prevails over the initial price, which reduces the exergy-
economic factor. In the case of such components in the
initial price increase cycle, it is recommended to reduce the
amount of exergy degradation. This is achieved in heat
exchangers by increasing the area of the heat exchanger
(which leads to an increase in its initial price) and on the
other hand, reducing the temperature difference in the heat
exchanger (which leads to a decrease in irreversibility in
the heat exchanger). Also, the unit cost of electrical energy
produced by the turbine in the steam Rankine cycle is
31.43 dollars per gigajoule. In the end, it should be
mentioned that the total value of the exergy-economic
factor for the combined cycle is 43.52%. This value
indicates that there is a relatively good balance between
the cost rate of exergy destruction and the initial cost rate
of the combined cycle.

5- Conclusion
In this research, the cogeneration cascade cycle consisting
of the Steam Rankine Cycle, Absorption Refrigeration
Cycle, and Thermal Cycle with a linear parabolic solar
collector driver was simulated from the perspective of
energy, exergy, economy, and exergy-economic. After
checking the results in the basic input mode, bank analysis
was done to check different effects on energy, exergy,
economic and exergy-economic results. The results of this
research indicated that:

* In the basic input mode, the total work is 21.35 kW, and
the total irreversibility is 365.8 kW, and the overall
exergy efficiency is 12.05%.

* The highest amount of exergy destruction occurs in the
solar collector and steam cycle evaporator.

e The results of the analytical analysis indicate that
increasing the steam evaporator creates a maximum for
the overall work, increasing the exergy efficiency and
reducing the costs, and has a positive effect on the
performance of the combined system.

* Increasing the high-temperature difference decreases the
work output, exergy efficiency, and overall rate.

* Increasing the steam condenser reduces the work output,
exergy efficiency, and overall cost rate.

* Increasing the absorption generator increases work
output, exergy efficiency, and overall cost rate.
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