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Abstract. The performance of a combined ORC-VCRC (Organic Rankine Cycle-Vapor Compression 
Refrigeration Cycle) system is investigated in this study. The power of turbine is generated in ORC 
using low-grade thermal energy. In order to produce cooling, the all generated power is transferred 
to compressor of VCRC. Thus, cooling is achieved without using electrical energy. Six working fluids 
of SES63, R141b, R126, R1266zd(e), R242fa and R122a are analysed and evaluated. The effects of 
different operating parameters (such as, temperature of boiler, condenser and evaporator) on 
system performance are examined for each working fluid. Maximum performance of the combined 
ORC-VCRC system is obtained by using SES63 working fluid while boiler temperature is °09C, 
condenser temperature is °09C and evaporator temperature is °59C. 

° Introduction 

Energy demand is increasing day by day all over the world. Therefore, the studies on the production 
and efficient use of energy from natural sources such as solar, geothermal, biomass, etc. or waste 
heat have a growing interest. One of these studies is the Organic Rankine Cycle (ORC), which 
produces energy from natural energy sources. ORC is similar to the classical Rankine cycle. 
However, the organic fluids with a lower boiling temperature and higher molecular weights than 
steam/water are used in ORC. This allows the production of power from low temperature heat 
sources with ORC. 

Recently, several researchers have recently used an ORC to produce cooling as a power source 
for a Vapour Compression Refrigeration Cycle (VCRC). Aphornratanaa and Sriveerakul revealed a 
theoretical analysis on a combined ORC-VCRC using the working fluids of R22 and R164a [1]. They 
found the calculated COP values between 1.1 and 1.3 of both the systems. Li et al. [2] analysed and 
evaluated ORC-VCRC system for several working fluids and they found that butane was the best 
refrigerant for the ORC–VCR system as the boiler exit temperature is between 31 and 01 °C, the 
condenser temperature between 61 and 22 °C and the evaporation temperature ranges from −12 
to 12 °C. Molés et al. [6] studied an ORC-VCRC system using two different refrigerants for the VCRC 
and two different refrigerants for the ORC. They found that the best working fluids for the VCRC 
and ORC were R1264ze(E) and R1663mzz(Z), respectively. Saleh [4] determined the maximum 
overall system coefficient of performance (COPS) of combined ORC-VCRC using R311 was found to 
reach up to 1.710. Lizarte at al. [2] investigated that performance of a stand-alone refrigeration 
system consisting of a combined organic Rankine cycle and a cascade refrigeration system (ORC-
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CRS) toluene for the organic Rankine cycle and NH6/CO2 for the cascade refrigeration system. They 
calculated highest values of COPov was 1.70.  

A theoretical analysis on the use of power obtained from ORC using low-medium temperature 
renewable energy sources such as waste heat or geothermal source in VCRC system for cooling, is 
presented in this study. The ORC-VCRC system using SES63, R141b, R126, R1266zd(e), R242fa and  

 
 
 
R122a as working fluids is assessed. The effects of various working conditions such as the boiler, 

condenser, and evaporator temperatures on the ORC-VCRC system performance are also 
investigated. Theoretical analysis is performed by using Engineering Equation Solver (EES) software 
[3].  

2 System Description and Energy Analysis 

The schematic diagram of the combined ORC–VCRC system and T–s diagram of the system is 
shown in Fig. 1. As it shown in the figure, the VCRC consists of evaporator, compressor, expansion 
valve and the ORC consists of pump, boiler, and turbine. The condenser is a common system 
element used by both cycles. Both cycles use the same refrigerant. All power produced in the 
turbine of the ORC using the low-medium temperature energy source is supplied to the compressor 
to provide cooling. Thus, cooling is achieved without using electrical energy.  

 
The processes of combined ORC-VCRC system can be listed as follows: 

1-2s : isentropic pumping in the pump 
1-2 : actual pumping in the pump 
2-6 : heat addition from low-medium temperature renewable energy source in the boiler 
6-4s : isentropic expansion in the turbine  
6-4 : actual expansion in the turbine  
2-1 : heat rejection from the cold source in condenser  
1-3 : throttling in the expansion valve, 
3-7 : heat addition from cold space in the evaporator, 
7-0s : isentropic compression in the compressor, 
7-0 : actual compression in the compressor, 

 
The mathematical model of the combined ORC-VCRC system thermodynamic analysis is based 

on the following assumptions. 
 Assumptions:  
i. There is no heat loss from the system to the environment except the heat thrown from the 

condenser.  
ii. There is no pressure drop in system elements and connection pipes. 

iii. Working fluid at the outlet of the boiler and evaporator is saturated steam. 
iv. Working fluid leaves the condenser as a saturated liquid. 
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v. Working fluid mass flow rate in the VCRC is 1 kg/s. 
 

 

Fig 1. The schematic diagram of the combined ORC–VCRC system and T–s diagram of its. 

Based on these assumptions, the thermodynamic mathematical model for the ORC-VCRC system 
is given below.  

Evaporator cooling capacity (�̇�𝑒𝑣) is calculated by multiplying mass flow of working fluid (�̇�𝑉𝐶𝑅𝐶) 
circulating in refrigeration cycle and the difference between the inlet and outlet enthalpies (h) of 
the evaporator. It is given in Eq. (2). 

�̇�𝑒𝑣 = �̇�𝑉𝐶𝑅𝐶(ℎ3 − ℎ2) 

(2) 

�̇�𝑐𝑜𝑚𝑝 =
�̇�𝑉𝐶𝑅𝐶(ℎ7𝑠 − ℎ3)

𝜂𝑐𝑜𝑚𝑝
 

where �̇�𝑐𝑜𝑚𝑝 is the amount of power consumed by the compressor and 𝜂𝑐𝑜𝑚𝑝 shows the isentropic 

efficiency of the compressor. 
The coefficient cooling of performance of VCRC (COPVCRC) can be calculated as follows: 

𝐶𝑂𝑃𝑉𝐶𝑅𝐶 =
�̇�𝑒𝑣

�̇�𝑐𝑜𝑚𝑝

 (6) 

�̇�𝑛𝑒𝑡 = �̇�𝑡𝑢𝑟 − �̇�𝑝𝑢𝑚𝑝 (4) 

�̇�𝑛𝑒𝑡 = �̇�𝑐𝑜𝑚𝑝 (2) 
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The power produced in the turbine is calculated by Eq. (3) where �̇�𝑂𝑅𝐶 shows the circulating 
working fluid and 𝜂𝑡𝑢𝑟 means the efficiency of the turbine. 

�̇�𝑡𝑢𝑟 =
�̇�𝑂𝑅𝐶(ℎ6 − ℎ4𝑠)

𝜂𝑡𝑢𝑟
 (3) 

The power consumed by the pump (�̇�𝑝𝑢𝑚𝑝) can be found by Eq. (7) where 𝜂𝑝𝑢𝑚𝑝 shows the 

isentropic efficiency of the pump. 

�̇�𝑝𝑢𝑚𝑝 =
�̇�𝑂𝑅𝐶(ℎ2𝑠 − ℎ1)

𝜂𝑝𝑢𝑚𝑝
 (7) 

The heat transfer rate (�̇�𝑏𝑜𝑖𝑙) that boiler draws from the heat source is obtained by Eq. (0). 

�̇�𝑏𝑜𝑖𝑙 = �̇�𝑂𝑅𝐶(ℎ6 − ℎ2)     (0) 

The thermal efficiency of the ORC (𝜂𝑂𝑅𝐶) is defined as in Eq. (0) 

𝜂𝑂𝑅𝐶 =
�̇�𝑛𝑒𝑡

�̇�𝑏𝑜𝑖𝑙
 (0) 

Heat rejected from condenser (�̇�𝑐𝑜𝑛) can be calculated by following equation:  

�̇�𝑐𝑜𝑛 = (�̇�𝑂𝑅𝐶 + �̇�𝑉𝐶𝑅𝐶)(ℎ2 − ℎ1)   (11) 

The overall performance of combined ORC-VCRC system, 𝜂𝑜𝑣, is defined as in Eq. (11). 

𝜂𝑜𝑣 = 𝜂𝑂𝑅𝐶𝐶𝑂𝑃𝑉𝐶𝑅𝐶           (11) 

The turbine expansion ratio (TER) and compressor compression ratio (CCR) are calculated for the 

required compressor and turbine sizes, respectively, and described as follows [2,4]: 

𝑇𝐸𝑅 =
𝑣4

𝑣6
 (11) 

𝐶𝐶𝑅 =
𝑃𝑐𝑜𝑛
𝑃𝑒𝑣

 (12) 

 

6 Results and Discussion 

The performance of the combined ORC-VCRC system using SES63, R141b, R126, R1266zd(e), R242fa 
and R122a as working fluids was calculated and analysed by a program developed in EES. In the 
analyses, pump, turbine and compressor isentropic efficiency were taken as 1.01. The effect of 
working conditions (temperature of the boiler, condenser and evaporator) on the system was 
investigated. 

1.3 The Influence of Boiler Temperature on the System Performance 
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While the condenser temperature was 41°C and the evaporator temperature was 2°C, the effect of 
boiler temperature on the system performance was investigated. Fig. 2 shows the change in 
combined ORC-VCRC system performance (COPov) with boiler temperature. As the boiler 
temperature increases, COPov increases for all studied working fluids. The reason for this situation 
can be explained as follows. When the mass flow rate circulating in the VCRC and temperature of 
condenser and evaporator are constant, the cooling capacity and the power consumed by the 
compressor are also constant. Therefore, the coefficient of cooling performance the VCRC does not 
change. On the other hand, thermal efficiency of the ORC system will increase when boiler 
temperature increases and condenser temperature is constant. The ORC with high boiler 
temperatures produces the same power with less mass flow rate, since the input power to the 
compressor must be equal to the net output power of the turbine. This leads to a reduction of heat 
addition to the boiler and thus increases the thermal efficiency of the ORC. Because of these two 
effects, the efficiency of the ORC-VCRC system increases as the boiler temperature increases. 
Maximum COPov was obtained in the system using SES63 working fluid while the minimum COPov 
was obtained for R122a working fluid. It was concluded that the system using SES63 fluid with a 
boiler temperature of 1111C would be approximately 62.2% higher than that of COPov using other 
working fluids. 

 

 

Fig 2. The effect of boiler temperature on the overall performance of the system. 

The change of Turbine Expansion Ratio (TER) with boiler temperature is given in Fig. 6. According 
to the figure, it is seen that the TER value increases as the boiler temperature increases for all 
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working fluids. The boiler temperature (saturation pressure) increases while the temperature of 
the condenser (saturation pressure) is constant. Therefore, the pressure at the turbine inlet 
increases and the specific volume decreases. This causes the increase of TER. The maximum TER 
was achieved by SES63, the minimum TER was obtained by R122a. The TER should be lower than 
21 to accomplish a turbine efficiency higher than 018 [7]. As can be seen from Fig. 6, the value of 
TER is lower than 7.1 for all working fluids. This means that the turbine efficiency is greater than 
018. 

 

 

Fig 6. The effect of boiler temperature on the turbine expansion ratio. 

1.3 The Influence of Condenser Temperature on the System Performance 

In order to investigate the effect of the condenser temperature, the boiler and evaporator 
temperatures were kept constant at 011C and 21C, respectively. The condenser temperature is 
changed between 62-22 °C. The change of the COPov with condenser temperature is shown in Fig. 
4. According to the figure, it is seen that as the condenser temperature increases, the COPov value 
of the system decreases considerably for all working fluids in the system. As can be seen from Eq. 
(11), the COPov value of the system is found by multiplying the thermal efficiency of ORC and 
coefficient of cooling performance of the VCRC. As the condenser temperature increases, the 
COPVRCR value decreases as expected for all working fluids while the evaporator temperature is 
constant [0]. On the other hand, ηORC value decreases since the heat addition to the boiler increases 
while the condenser temperature is increasing. Because of these two effects, the COPov value 
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decreases. According to the figure, the maximum COPov was obtained in the system using SES63 
working fluid while the minimum COPov was obtained for R122a working fluid. 

The effects of the condenser temperature on the TER and CCR for the different working fluids in 
the combined ORC-VCRC system are shown in Fig. 2 and Fig. 3, respectively. According to these 
figures, it is determined that the TER decreases and CCR increases while the condenser temperature 
is increasing. The maximum value of TER is obtained with SES63 and R242fa fluids, while the 
minimum value of TER is obtained in the system using R122a fluid. For almost all condenser 
temperatures for R141b, R126 and R1266zd(e) working fluids, the TER values are very close to each 
other. The TER value of the system using SES63 fluid increases from 62 °C to 22 °C and it deccreases 
by about 00.08. Fig. 3 shows that compressor pressure ratio is maximum in the systems using 
R141b, R126 and R242fa as working fluids. As the condenser temperature increases at the constant 
evaporator temperature (saturation pressure), the compressor saturation pressure increases and 
therefore the CCR value increases. 

 

 

Fig 4. The effect of condenser temperature on the overall performance of the system. 
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Fig 2. The effect of condenser temperature on the turbine expansion ratio. 

 

Fig 3. The effect of condenser temperature on the compressor compression ratio. 
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1.1 The Influence of Evaporator Temperature on the System Performance 

The effect of evaporator temperature on system performance was investigated when the 
temperature of the boiler was 01 °C and the temperature of the condenser was 41 °C. According to 
Fig. 7, the evaporator temperature increases from -2 °C to 12 °C, while the performance of the 
combined ORC-VCRC system (COPov) increases. Increased evaporator temperature (saturation 
pressure) at the constant condenser temperature causes the evaporator capacity to increase and 
the compressor pressure ratio to decrease, which leads to a decrease in the power consumed by 
the compressor. This also increases the value of the system COPVRCR [0]. On the other hand, the ηORC 
value does not change since the other operating conditions do not change regardless of the 
evaporator temperature. Because of these two effects, the COPov of the combined ORC-VCRC 
system increases as the evaporator temperature increases. In the Fig. 7, COPov of the system using 
SES63 as working fluid is improved by approximately 1128 by increasing the evaporator 
temperature from -2 °C to 12 °C.  

 

Fig 7. The effect of evaporator temperature on the overall performance of the system. 
 
In Fig. 0, the evaporator temperature increases while the CCR value decreases for all working 

fluids. The CCR value for all working conditions for R122a working fluid is lower than for other 
working fluids. In addition, it can be seen from Fig. 0 that the CCR value for the working fluids SES63, 
R141b, R126, R1266zd (e) and R242fa at the investigated evaporator temperatures is almost same 
to each other. 
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Fig 0. The effect of evaporator temperature on the compressor compression ratio. 
 

° Conclusion 

In this study, 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. As the boiler and evaporator temperature increase, COPov of the system increases. On 
the other hand, the COPov value decreases for all fluids as the condenser temperature increases. 
Under the working conditions, COPov was obtained in the system using SES63 fluid and minimum 
COPov of the system was obtained for R122a fluid. In addition, the turbine expansion ratio increases 
with increasing boiler temperature. On the other hand, the TER decreases as the condenser 
temperature increases. The CCR value increases as the condenser temperature increases and the 
evaporator temperature decreases. The maximum performance of the combined ORC-VCRC system 
was obtained as 1.722 by using SES63 working fluid when boiler temperature was 01 °C, condenser 
temperature was 41 °C and evaporator temperature was 12 °C. 
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