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Abstract.  Utilization of low enthalpy heat is an alternative solution to energy scarcity. One of the geothermal sources produces a hot water reservoir that has not been optimally exploited. This study aims to obtain a comparative power value from the conceptual design made in the Organic Rankine Cycle utilizing hot water sources. This study is a simulation method using Cyclepad software. Refrigerants used as working fluids are R134a and R22. The input of a hot water reservoir of 60 degrees Celsius is used to heat the refrigerant to a temperature of 55 degrees Celsius at a pressure of up to 1400 kPa. The mass flow rate of the working fluid used is 1 kg / s. Based on the results of the study, R134a can produce a turbine power of 20.69 kW. While refrigerant R22 can produce a turbine power of 17.68 kW. The study's results indicate that the influence of the refrigerant boiling point parameter affects the temperature and pressure range of the ORC cycle operation. A boiling point that does not match the reservoir will limit the production of turbine power in a large range.
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INTRODUCTION
The utilization of renewable energy sources is increasingly becoming a major focus in efforts to reduce dependence on fossil fuels, which aims to improve global energy sustainability [1]. One promising technology is the steam turbine, which uses hot water sources as primary energy [2]. This study has a clear objective, namely to conduct an in-depth analysis of the power generated by the steam turbine using the CyclePad application, a very effective tool in modeling and optimizing the thermal cycle in the steam turbine system. Thus, the application can improve the efficiency and overall performance of the system [3]. 
In this chapter, the theoretical basis will be discussed, including the working principle of the steam turbine, the applied thermal cycle, and the analysis method using the CyclePad application [4]. Particular emphasis is placed on the utilization of hot water sources as the main input in the thermal cycle, which directly affects the final power generated by the steam turbine [5]. The purpose of the analysis carried out is to provide a deeper understanding of the factors that influence the efficiency and performance of the steam turbine in the context of renewable energy utilization [6].
Through an integrated analytical and computational approach, this study is expected to make a significant contribution to the development of renewable energy technology [7]. The main focus is to improve the efficiency of hot water resource utilization to generate electricity through steam turbines [8]. This study aims to investigate the potential of utilizing hot water resources as a renewable energy source, using CyclePad simulation as the main analysis tool [9]. This simulation allows detailed modeling of the thermal cycle in a steam turbine, which in turn facilitates the evaluation of the efficiency and performance of the system as a whole [10].
By using this approach, it is expected to identify key parameters that affect the power production of a steam turbine based on hot water resources [11] as well as optimal strategies to improve the efficiency of using available heat energy [12]. This study focuses on the potential of utilizing hot water resources in Cangar, Batu, East Java as one of the significant renewable energy potentials to generate electricity through steam turbines [13]. This location is known for its large geothermal potential, which can be exploited to meet local energy needs [14].
The hot water resources in Cangar, Batu, East Java are formed through a series of complex geological processes, which generally occur in areas with high geothermal activity [15]. The renewable energy potential in Cangar, Batu, East Java includes significant geothermal resources, which can be exploited to generate electricity through technologies such as steam turbines [16]. This location offers great potential in utilizing hot water sources as primary energy to support energy sustainability at the local level and contribute to national efforts in expanding Indonesia's renewable energy portfolio [17]. 
Through an analytical and computational approach using the CyclePad application. this study aims to identify the thermal characteristics of hot water sources in Cangar and optimize the thermal cycle in a steam turbine system [18]. It is hoped that effective strategies can be developed to maximize the potential of geothermal energy in this area [19] which can ultimately make a significant contribution to the transition towards sustainable renewable energy in Indonesia [10].
METHODS
The research method used is simulation using the Cyclepad application. Organic Rankine Cycle (ORC) is used as the working fluid. The choice of organic working fluid is intended so that the Rankine cycle continues to run even though it operates at low enthalpy. When collecting hot spring reservoir data, the temperature obtained was only 60 degrees Celsius, which cannot evaporate water at atmospheric pressure. Certain working fluids can evaporate at temperatures lower than that. There are 2 variations of working fluid, namely using refrigerant R134a and R22. These variations are used to find out the right type of working fluid to get maximum power. The research flow is shown in FIGURE 1.
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FIGURE 1. Research flow diagram

FIGURE 2 shows the design of the ORC scheme using CyclePad. There are 4 main components in the cycle, including a pump, 2 heat exchangers, and a turbine. Organic working fluid is flowed through the four components to produce optimal power in the turbine. The mechanical power in the turbine is used to rotate the generator to produce electrical power.
In this cycle, the refrigerant is pumped to produce high pressure. The refrigerant is then heated in the heat exchanger so that it changes phase to vapor. The hot fluid used to heat the refrigerant is a hot spring with a temperature of around 60 degrees Celsius. The enthalpy obtained after passing through the heat exchanger allows the refrigerant to rotate the turbine. The refrigerant output from the turbine is then changed phase to liquid form. The refrigerant is flowed to the second heat exchanger (condenser) to extract its heat. The refrigerant is then flowed back to the pump to repeat the same cycle.
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FIGURE 2. ORC design using Cyclepad

FIGURE 3 and FIGURE 4 show the specifications of Refrigerant variations, namely R134a and R22. Each refrigerant has a different boiling point, so that the heat transfer process in the heat exchanger is not in the same condition, especially the input and output temperatures. R134a has a boiling point of -26.2 degrees Celsius at atmospheric pressure. While R22 has a boiling point of -40.8 degrees Celsius at the same pressure. Thus, it is possible that the output temperature of the heat exchanger for R134a is higher. Another option that can be done in the simulation is to set the same refrigerant output temperature, but a different mass flow rate. R22 will be flowed with a smaller mass flow rate to obtain a larger temperature change range. 
Meanwhile, the design specifications of the heat exchanger to be used are the shell and tube type with the assumption of the same diameter and length, so that the input variations in the design are at temperature, pressure, and mass flow rate, with the assumption of a constant geometry.
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FIGURE 3. R134a refrigerant properties    
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FIGURE 4. R22 refrigerant properties

RESULTS AND DISCUSSION
Cyclepad software runs the design with the input parameters. The hot and cold water reservoirs are in an open space, so the pressure setting is atmospheric pressure (100 kPa). The inlet temperature of the hot water is 60 degrees Celsius, while the cold water is 8 degrees Celsius. This temperature is obtained in cold mountainous areas, so it is lower than 27 degrees Celsius. Meanwhile, the parameters entered are not the same between R134a and R22, adjusting the boiling point of each refrigerant.
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FIGURE 5. Q-T Diagram for a) R134a refrigerant and b) R22 refrigerant

Refrigerant R134a uses an operating pressure before entering the pump of 500 kPa and 1350 kPa after passing through the pump. While R22 uses an operating pressure of 700 kPa before entering the pump and 1400 kPa after leaving the pump. This is adjusted to the operating pressure that allows for the rankine cycle of each refrigerant. In addition, the operating temperature used at this pressure is set so that it is not higher than the heating fluid and not lower than the cooling fluid. However, the range of high and low pressure differences between the two refrigerants is not much different, which is 850 kPa for R134a and 700 kPa for R22.
At this low pressure, the temperature of R134a before entering the heat exchanger is 16.08 degrees Celsius and has an output temperature of 55 degrees Celsius. This value is the same as the output temperature for refrigerant R22, although it has a different input temperature for R22, which is 11.32 degrees Celsius. The mass flow rate of the refrigerant in both ORC systems is made the same, which is 1 kg/s. The mass flow rate for the heating fluid is also almost the same, which is 2.1 kg/s for R134a and 2.2 kg/s for R22. In general, the heat transfer process involving both ORC systems in the heat exchanger have almost the same value, which is 208 kW and 220 kW. This value is Qin, which is the input enthalpy for the ORC system. FIGURE 5 shows the Q-T diagram for refrigerant R134a (a) and R22 (b). The diagram shows the heat transfer process in a heat exchanger with a hot water reservoir.
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FIGURE 6. T-S Diagram for R134a refrigerant

[image: ] FIGURE 7. T-S Diagram for R22 refrigerant

FIGURE 6 and FIGURE 7 represent the T-s diagram for the ORC system using R134a and R22 refrigerants respectively. In the diagram, the difference in refrigerant temperature in the evaporator and condenser is visible. The temperature value is set so that the refrigerant is truly in the subcooled phase when entering the pump. This is intended to prevent cavitation in the pump. The cavitation effect allows the pump not to work optimally because there are 2 phases of working fluid being pumped. As a result, the pump component work is not continuous. In addition, the turbine outlet temperature value must also be ensured to be in the superheated phase. The loss that occurs if the fluid passes the saturated line is the appearance of water droplets that will damage the turbine in the long term. This is due to the corrosion effect caused by the turbine components. This can be anticipated in R134a and R22, because both are dry fluids and isentropic fluids. Moreover, FIGURE 7 shows the fluid line through the turbine far from the steam saturation line, thus minimizing the corrosion effects that occur.                 
 
FIGURE 8. Comparison of shaft power turbines for R134a and R22 refrigerants 

Based on FIGURE 8, refrigerant R134a and R22 produce different turbine power. With the same pressure and temperature as R22, R134a is able to produce turbine power of 20.69 kW. While R22 produces 17.68 kW of power. This is because the temperature and pressure of the turbine output on R22 are still high, namely 18.3 degrees Celsius and 700 kPa. However, further adjustments so that the temperature and pressure values ​​are similar to R134a cannot be done. The limitation lies in R22 which does not allow it to operate at lower temperatures at reduced pressure. Thus, the use of R134a is more effective because the boiling point range is more suitable for the required operating temperature. This is inseparable from the operating temperature of the available hot and cold reservoirs. 
CONCLUSIONS
Based on the results and discussion, each refrigerant has different specifications from each other, so it has many operating range limitations. One of the parameters that need to be considered for the Organic Rankine Cycle is the suitability of the pressure and boiling point of the refrigerant to the cycle feed temperature. R134a has operating conditions that are more likely to obtain higher turbine power than R22 at the input parameter of hot water temperature (60 degrees Celsius). R134a has a turbine output power of 20.69 kW. This value is 3 kW greater than R22, which is 17.68 kW.
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9. PHYSICAL AND CHEMICAL PROPERTIES
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9. _PHYSICAL AND CHEMICAL PROPERTIES
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