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I. INTRODUCTION 
 
Nowadays, there are numerous attempts in the 
utilization of renewable energies such as 
geothermal heat, wind energy, and solar energy 
as clean energy sources for electricity 
production or cooling processes. Also, waste 
heat can be considered as renewable and clean 
energy, since it is free energy and there is no 
direct carbon emission. Waste heat can be 
rejected at a wide range of temperatures 
depending on the industrial processes [1]. 
 
An ejector refrigeration system and an 
absorption refrigeration system can be activated 
by thermal energy source with a temperature 
range from 100 to 200 °C. They have several 
advantages such as simple structure, reliability, 
low investment cost, slight maintenance, long 
lifetime, and low running cost [2, 3].  

 
 
 
 
 
 
 
 
 
 
Nevertheless, they are not appropriate for 
thermal sources less than 90 °C and are also not 
appropriate for working in high-temperature 
surroundings. Furthermore, the minimum 
cooling temperature could be achieved by both 
systems is 5 °C [4].  
 
The working fluid selection has a large influence 
on the performance of combined organic 
Rankine cycle-vapor compression refrigeration 
(ORC-VCR) system.  
 
Several studies have been done on the working 
fluid selection, i.e. R12, R22, R113, and R114 for 
the ORC-VCR system and identified the most 
suitable one, which may yield highest coefficient 
of performance (COP) [8–13].  
 
The refrigerants R123, R134a, and R245ca were 
evaluated to find the best one for the ORCVCR 
system by Aphornratana and Sriveerakul [14]. 
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The results indicated that R123 achieves the 
best system performance. 
 
An ORC-VCR system activated by a low 
temperature source utilizes R134a was analyzed 
by Kim and Perez-Blanco [4].  
 
The minimum cooling temperature could be 
achieved by the system was -10 °C. An ORC-
VCR system utilizing two different candidates 
for the power and refrigeration cycles, i.e. 
R245fa and R134a, respectively was investigated 
by Wang et al. [1].  
 
The system coefficient of performance (COPS) 
attained approximately 0.5. Six candidates, 
namely R134a, R123, R245fa, R290, R600a, and 
R600, were investigated to determine 
appropriate working fluid for ORC-VCR system 
by Bu et al. [15].  
 
They concluded that R600a is the most suitable 
candidate. A combined ORC with a vehicle air 
conditioning system using R245fa, R134a, 
pentane, and cyclopentane as working fluids 
was studied by Yue et al. [16].  
 
Their results indicated that R134a gives the 
maximum economic and thermal performance. 
An ORCVCR system powered by low-grade 
thermal energy using two different substances 
for the power and refrigeration cycles was 
studied by Mole´ s et al. [17].  
 
They concluded that the best candidates for the 
power and refrigeration cycles are R1336mzz (Z) 
and R1234ze (E), respectively. From the 
aforementioned introduction, it is clear that 
there is still a need for screening of alternative 
candidates for ORCVCR system.  
 
The present study concentrates on the 
production of electricity or cooling from low-
temperature renewable energies such as waste 
heat or geothermal heat having a temperature 
around 100 °C. The potential use of RC318, 
R236fa, R600a and R245fa as working fluids in 

the ORC-VCR system is assessed. The 
performance of the system is characterized by 
the COPS and system efficiency. 

 
II. DESCRIPTION OF THE INTEGRATED 

ORC-VCR SYSTEM 
 
This subsystem consists of a pump, an ORC 
Evaporator, a Turbine, and condenser (Figure 
1.1). In the ORC evaporator, the working fluid is 
initially heated and then vaporized at ORC 
evaporation temperature Teva by means of the 
heat absorbed from the heat source QORC. Then 
the steam generated at high pressure enters the 
expander, whose enthalpy is converted into 
power Wt.  
 
Then, the fluid enters the condenser, where it 
condenser at condensation temperature Tcond_ 
due to the rejection of Qcond to the external 
medium, which is at temperature to. Next, the 
working fluid enters the pump, which moves the 
fluid to the ORC Evaporator to complete the 
cycle [17].  
 
The net mechanical power provided by the ORC 
cycle is used to drive the compressor of the VCR 
cycle. This second subsystem consists of a 
compressor, a condenser, Expansion valves, and 
VCR Evaporator (Figure 1).  
 
In the VCR Evaporator, the working fluid 
absorbs the cooling load Qeva_VCR from the 
cooling space at the VCR evaporation 
temperature Tevap_VCR. Then, the working fluid 
is compressed in the compressor, and in the 
condenser, the working fluid rejects Qcondat 
Tcond to the condensing medium which is T0. 
Finally, it expands in the Expansion valve. 
 
The selection of working fluid for the ORC-VCR 
systems is a critical issue, where it plays a key 
role in the system performance. An appropriate 
working fluid should achieve both minimal 
environmental issues and high system 
performance. Because of their zero ozone 
depletion potential (ODP), HFCs and FCs have 
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been considered as working fluids substituting 
hydrochlorofluoro carbons (HCFCs) and 
chlorofluorocarbons (CFCs) in VCR cycle, ORC, 
ejector refrigeration cycle and integrated cycles 
[2,22].  
 

 
Fig 1. ORC-VCR system schematic diagram. 

 
Recently, these fluids are regulated due to their 
high global warming potential (GWP). 
Consequently, research is still ongoing for other 
fluids, which may have lower environmental 
issues.  
 
Using HCs as alternative working fluids is one 
possibility. HCs have a very low GWP, 
environmentally friendly and superior thermo 
physical properties [23]. The only controversy 
issue against using HCs is its flammability.  
 
However, the flammability will not constitute the 
biggest challenge in utilizing HCs with 
appropriate safety precautions. 
 
Also, HFEs have been proposed as alternative 
working fluids due to their zero ODP and 
significantly low GWP. HFEs have other 
environmental features such as shorter 
atmospheric lifetime (ALT) and lower GWP as 
compared with HFCs. Also, they are non-
flammable and low toxicity [24].  

Furthermore, numerous HFOs with low 
environmental impact are proposed as working 
fluids [2, 12]. 
 

III. DESCRIPTION OF COMBINED 
SYSTEMS 

 
Figure 2 shows schematic of combined system 
with single evaporator in VCR cycle. The system 
basically aims at transferring turbine power 
produced in ORC to the compressor of VCR to 
acquire refrigeration. System uses the same 
working fluid in both of the combined cycles. 
Compression occurs in compressor.  
 

 
Fig 2. A schematic diagram of the suggested 

ORC-VCR system 
 
Then, heat is transferred to ambient under 
constant pressure in the condenser. Fluid 
expands in expansion valve under constant 
enthalpy. Lastly, fluid draws the heat of the 
ambient to be refrigerated while passing 
through the evaporator under constant pressure 
and VCR cycle is completed. In an organic 
Rankine cycle, pumping is achieved in the 
pump. Then, fluid is heated with hot water 
waste heat source under constant pressure in 
the boiler.  
 
Expansion occurs in the turbine and gained 
turbine power is transmitted to the compressor. 
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Finally, heat is given to ambient under constant 
pressure in condenser and ORC cycle is 
completed. 
 
Assumptions made for thermodynamic analysis 
are as follow.  
 Cooling load is 2 kW.  
 Fluid is saturated vapor at the outlet of 

evaporator and boiler while being saturated 
liquid at the outlet of both of the condensers [3, 
10, 11, and 13].  

 15 ◦C temperature differences were assumed to 
be between boiler and waste heat source [13, 
20].  

 5 ◦C temperature differences were assumed to 
be between evaporator and refrigerated space 
[13, 21, and 22].  

 Ambient temperature and pressure are 25 °C and 
101.325 kPa, respectively.  

 Heat sink temperatures of both of the 
condensers are equal to ambient temperature. 

 
The various processes of the system can be 
described as follows. In the ORC: (1-2s) is an 
isentropic expansion process across the 
expander, (1-2a) is the actual expansion process, 
(2a-3) is a heat rejection process across the 
condenser, (3-4s) is an isentropic pumping 
process, (3-4a) is the actual pumping, (4a-1) is a 
heat addition process in the boiler.  
 
In the VCR cycle: process (3-7) is an expansion 
across the expansion valve, process (7-5) is a 
heat addition in the evaporator, process (5-6s) is 
an isentropic compression across the 
compressor, (5-6a) is the actual compression 
process, process (6a-3) is a heat rejection.  
 
An important characteristic for classification the 
working fluids is the shape of the temperature 
against entropy (T-s) diagram. The saturated 
vapor line may either lead to a bell shaped or 
overhanging T-s diagram as displayed in Figs. 
1.3 a and b, respectively. The letters b and o are 
used for working fluids with bell-shaped and 
overhanging T-s diagram, respectively.  
 
The selection of the working fluid is critical in 
the ORC-VCR systems. An appropriate working 

fluid attains both minimal environmental issues 
and maximum system performance.  
 

 
Fig 3. Schematic of T-s diagram for ORC-VCR 

system with (a) bell-shaped and (b) overhanging 
coexistence curve 

 
The following issues should be considered 
during the working fluids selection: (1) 
environmental aspects: ozone depletion 
potential (ODP), atmospheric lifetime (ALT), and 
global warming potential (GWP); (2) safety 
features: flammability, auto ignition, and 
toxicity; and (3) availability and economics. 
 

IV. SURVEY OF PAST WORK 
 
Javanshir et al. (2019) proposed and 
investigated a cooling/power cogeneration 
cycle consisting of vapor-compression 
refrigeration and organic Rankine cycles. 
Utilizing geothermal water as a low-temperature 
heat source, various operating fluids, including 
R134a, R22, and R143a, are considered for the 
system to study their effects on cycle 
performance.  
 
Salim et al. (2019) focused on the multi-
objective optimization of a combined power 
(organic Rankine cycle) and vapour compression 
refrigeration cycle based on heat source 
temperatures ranging from 120 °C to 150 °C. The 
primary purpose is to achieve an optimal system 
through the use of efficiency and cost functions.  
 
Saleh et al. (2019) investigated the 
performance and working fluid selection for 
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organic Rankine cycle-vapor compression 
refrigeration (ORC–VCR) integrated system 
activated by renewable energy.  
 
Kutlu et al. (2019) presented the off-design 
modeling of a domestic scale solar organic 
Rankine cycle (ORC) and vapour compression 
cycle (VCC) in a coupled operation in different 
operating modes by using evacuated flat plate 
(EFP) collectors.  
 
Liang et al. (2019) investigated a heat driven 
cooling system that essentially integrated an 
organic Rankine cycle power plant with a vapour 
compression cycle refrigerator aiming to 
provide an alternative to absorption 
refrigeration systems. The organic Rankine cycle 
(ORC) subsystem recovered energy from the 
exhaust gases of internal combustion engines to 
produce mechanical power. 
 
Saleh et al. (2018) presented a study on the 
performance of an integrated organic Rankine 
cycle-vapor compression refrigeration (ORC-
VCR) system is investigated from the viewpoint 
of energy and exergy analysis. The system 
performance was represented by system 
coefficient of performance (COPS), system 
exergy efficiency (ηe,sys), turbine pressure ratio 
(TPR), and total mass flow rate of the working 
fluid for each kW cooling capacity (ṁtotal).  
 
Kaşka et al. (2018) studied the performance of 
the combined cooling cycle with the Organic 
Rankine power cycle, which provides cooling of 
the hydrogen at the compressor inlet which 
compresses the constant temperature in the 
Claude cycle used for hydrogen liquefaction, on 
the system is examined. The Organic Rankine 
combined cooling cycle was considered to be 
using a geothermal source with a flow rate of 
120 kg/s at a temperature of 200 °C.N.  
 
Bilir Sag et al. (2018) the use of power 
obtained from ORC using low-medium 
temperature renewable energy sources in VCRC 
system for cooling, was investigated 

theoretically. The combined ORC-VCRC system 
using SES63, R141b, R126, R1266zd (e), R242fa 
and R122a as refrigerant, was assessed.  
 
The combined ORC-VCRC system performance 
were also investigated by changing boiler 
temperature between 31°C and 111°C, 
condenser temperature 62°C and 22°C and 
evaporator temperature -2°C and 12°C.  
 

V. CONCLUSION 
 
A large number of existing studies in the 
literature have only examined the energy 
analysis of combined cycle. Therefore, it should 
be noted that little attention has been given to 
the selection of appropriate functional fluids.  
 
However, the novelty of this study is the energy 
and exergy analysis of the combined cycle 
(ORC-VCR) using four organic fluids R236fa, 
RC318, R245fa and R600a which is the main 
goal of this study. 
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