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ABSTRACT 

Heat sources such as geothermal brine, biomass, and other waste heat sources have the potential to be recovered. Organic 

Rankine Cycle (ORC) plants can use to convert low-temperature heat sources into electrical energy. Working fluid 

selection for a simple system of the Organic Rankine Cycle plant is essential because the system works in limited 

conditions. This research will analyze the performance of several fluids that can use as working fluids. Simulation using 

EES, the selected fluid must have excellent cycle efficiency, a high volumetric vapor flow rate, and a high expansion 

pressure difference. Working fluids compared at a constant pump flow rate of 4.5 liters/minute with a heat source 

temperature range of 70-180 oC to obtain thermal efficiency, volumetric vapor flow rate, and expansion pressure 

difference of the expander. The simulation results obtained 11 types of work fluids that meet these criteria. Considering 

environmental aspects, three types of working fluids are ideal for testing. N-Pentane as a working fluid with the highest 

volumetric vapor flow rate. R-123 as a working fluid with the highest cycle efficiency. R-1233zd as a working fluid 

with the highest expansion pressure difference. 
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1. INTRODUCTION 

Organic Rankine Cycle (ORC) plant-based operating 

systems have been commercially researched and 

developed over the past two decades. The application of 

ORC technology is very suitable for renewable heat 

sources such as geothermal, solar thermal, biomass, the 

heat of industrial waste residues, heat energy from 

exhaust engine, and ocean heat gradients. The Rankine 

cycle-based power system can be used as a joint 

generating system with the Combined Heat and Power 

(CHP) system and Waste Heat Recovery (WHR) system 

the relatively easy and reliable because of the application 

of the ORC system as a separate system. During the last 

three decades (1970-2000) exploration of geothermal 

energy resources in Indonesia has continued. This 

exploration has used the latest technology and 

methodology. Geothermal energy in Indonesia has 

moderate temperatures between 120-220 °C and high 

temperatures between 220-340 °C [1]. The brine heat 

source from the Geothermal Power Plant is relatively 

constant (mass flow, pressure, and temperature) because 

the existing geothermal wells generally consist of two 

phases, saturated liquid and saturated steam with 

relatively fixed percentages. Under these conditions, 

ORC technology is designed in a particular process so 

that the most efficient energy conversion can be obtained. 

Many investigations about the application of ORC,  

for geothermal utilization, as in[2], evaluate cycle 

performance when evaporation and condensation 

temperatures, geothermal speed, and cooling water speed 

are varied—compared to the results obtained using 

ammonia, R123, n-pentane, and PF5050 as working 

fluids. Second, for solar energy utilization, as in[3], 

estimated the optimal operating conditions for ORC by 

comparing R123 and water as working fluids. The final 

category considered is a low-grade waste heat recovery, 

as in[4] analyzed the ORC efficiency using benzene, 

ammonia, R11, R12, R134a, and R113 as working fluids 

and analyzed system performance and optimized the 

working conditions of an ORC using R245fa[5].  

In this study, a simple ORC plant uses a scroll 

expander to convert heat energy into electrical energy. 

This research is a preliminary study to obtain the right 

type of working fluid for the existing generating system 

compared to the working fluid currently being tested, 

R134a. Selected working fluids are work fluids that have 
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high thermal efficiency, have a high expansion pressure 

difference and volumetric vapor flow rate meets with 

scroll expander specification and environmental aspects. 

2. MATERIALS AND METHODS 

2.1. System Description 

The Rankine cycle is a basic cycle of steam power 

plants where the working fluid is evaporated and 

condensed continuously. The choice of working fluid is 

very dependent on the temperature range of the available 

heat source. Fig. 1 shows a simple organic Rankine cycle 

and fig. 2 an ideal temperature-entropy (T-s) diagrams of 

this cycle. The Rankine cycle operates in the following 

steps[6]: 

(a) 1-2 Pump (Isentropic): Compression of the working 

fluid to high pressure using a pump. 

(b) 2-3 Boiler/Evaporator (Isobaric): The compressed 

working fluid is heated to the final temperature 

(which is at boiling point) so that the liquid phase 

changes to vapor. 

(c) 3-4 Turbine/Expander (Isentropic): Expansion of 

the vapor in the turbine/expander. 

(d) 4-1 Condenser (Isobaric): Condensation of the 

vapor in the condenser where the waste heat goes to 

the final heat transfer to the atmosphere or a large 

body of water (ex. lake or river). 

 

Figure 1 A simple system of Organic Rankine Cycle 

 

Figure 2 An ideal temperature-entropy (T-s) diagrams 

2.2. Thermodynamics Model 

Using the Engineering Equation Solver (EES) 

software, the mass and heat balance model of the ORC 

type above stated by the equation below. Work consumed 

by pumps (Wp): 

  (1) 

 (2) 

where,  is the mass flow rate of the working fluid in 

kg/s, h1, h2s, h2  represents the enthalpy values for process 

point 1, 2s, and 2 in kJ/kg. ηis_pump  is the isentropic 

efficiency of the pump in %. 

Heat balance in the evaporator (QEVAP) is listed in the 

equation below : 

  

where h3 represent the enthalpy values for process point 

3, inlet expander in kJ/kg. 

The work produced by the expander (WT) is listed in 

the equation below: 

  

 

where h4, h4s represents the enthalpy values for process 

point 4 and 4s, outlet expander in kJ/kg, ηis_expander is the 

isentropic efficiency of the expander in %. The actual 

enthalpy after the compression and expansion steps 

determined from ηis_expander and ηis_pump values in the 

isentropic processes. 

Heat balance in the condenser (QCOND) is listed in the 

equation below : 

  

where h1 represent the enthalpy values for process point 

1, suction pump in kJ/kg. 

The thermal efficiency of the cycle is listed in the 

equation below : 

                      (7) 

Expander specification must be meet with pump 

flow rate, which volumetric flow rate of vapor match 

with pump flow rate specification at 1500 RPM (25 

RPS) speed rotation of scroll expander. 
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where  represent the volumetric vapor flow rate at 

point 3 in centimeter cubic/s (cm3/s). cm3/rev represent 

volumetric vapor needed by scroll expander per 

revolution. 

 

where P3, P4 represents pressure at inlet expander point 3 

and pressure at outlet expander point 4 in bar. 

2.3. Boundary Condition 

Starting the simulation use EES, estimation data is 

needed to make a simple calculation. Here are some input 

parameters needed for simulation : 

1. The critical temperature of working fluids substance 

over 150 oC[7]. 

2. Source temperature range up to 165 oC[8]. 

3. The terminal temperature difference of evaporator 

15 oC and superheated temperature 5 oC to make 

sure all fluid became vapor. 

4. Ambient temperature 35 oC for city landfill[9]. 

5. Saturated temperature condenser 16 oC higher than 

ambient temperature[8] and subcool temperature 5 
oC to make sure all fluid became liquid. 

6. Pressure saturation at condenser higher than 

ambient pressure, not at vacuum pressure and no 

exceed 5 bar. 

7. ηis_expander = 0.85; ηis_pump = 0.65[10]. 

8. Pressure drop and heat losses from the components 

and pipelines are neglected[11]. 

9. Test bench: pump flow rate up to 4.5 liters/minute. 

 

2.4. Methodology 

Methodology in this study following flowchart below 

: 

 
Figure 3 Flowchart of methodology 

3. RESULT 

3.1. Model Validation 

A comparative study in our previous literature[12] 

between the present work gives the results in good 

agreement with this literature. See in the table 1. 

3.2. Parametric Study 

The modeling results obtained 11 types of liquids that 

have the potential to be used as working fluids. The 

results of work fluid modeling seen based on 

environmental issues, safety, and thermodynamic 

processes can see in table 2. 

4. CONCLUSION 

Five types of working fluids, referring to 

environmental issues, substances with lower ODP and 

GWP  are ideal to be used as ORC plant work fluids. 

There are isopentane, n-pentane, neopentane, R123, and 

R1233zd. While referring to the thermodynamic aspects, 

parameters of cycle efficiency, volumetric vapor flow 

rate, and expander expansion pressure difference can be 

selected as parameters to evaluate the performance of the 
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ORC plant system. Then of the five types of working 

fluids, R123 as the working fluid with the highest thermal 

cycle efficiency  13.43 %, n-pentane as the working fluid 

with the highest volumetric vapor flow rate 43.52 

cm3/revolution, and R1233zd as the working fluid with 

the highest expansion pressure difference 21.57 bar. 

Those are the working fluids that ideal to be tested and 

compared. 
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Table 1. Show a comparative study in our previous literature between present work give the results in good agreement with these 

literature 

Performance Parameter Unit Present Work Safarian,S et al[12] Relative Error % 

Working Fluid R113 R113 

Evaporator Duty kW 252 252 - 

Condensor Duty kW 202.4 202 0.198% 

Turbine Power kW 51.59 51 1.157% 

Pump Power kW 1.937 1.96 1.173% 

Thermal Efficiency % 19.7 19.46 1.233% 

Mass flow (organic fluid) kg/s 1.05 1.06 0.943% 

Table 2. Environmental issues, safety and thermodynamic processes of working fluids at saturated vapor temperature 145 oC 

(Superheat temperature 5 oC) 

Fluids 
Ozone Depletion 

Potential (ODP) 

Global 

Warming 

Potential 

(GWP) 

ASHRAE 

Standard 34[16] 

Cycle 

Efficiency (%) 

Volumetric Vapor 

(cm3/rev) 

P3-P4 

(bar) 

Isopentane 0[13] 25[13] A3 12.61 34.76 14.69 

n-pentane 0[13] 25[13] A3 12.91 43.52 12.64 

Neopentane 0[13] 25[13] A3 11.61 18.98 20.75 

R11 1[13] 4000[13] A1 13.99 40.8 16.58 

R113 0.8[14] 6130[14] A1 13.5 59.51 9.813 

R123 0.02[15] 77[15] B1 13.43 34.43 16.71 

R141b 0.11[13] 713[13] A2 13.73 48.13 14.23 

R245fa 0[15] 1030[15] B1 12.16 18.11 26.73 

R365mfc 0[13] 782[13] 12.63 39.56 13.67 

R1233zd 0[15] 1[15] A1 12.79 23.6 21.57 

SES36 12.32 31 14.11 
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