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Abstract 

The presence of non-condensable gases (NCG) in a geothermal fluid disrupts the vacuum process in the 

condenser, reducing turbine efficiency, and decreasing the total power output of the geothermal power plant 

(GPP). Therefore, to optimize the thermodynamic efficiency of GPP, NCG should be removed with a gas removal 

system. The main objective of this research is to model and develop a software-based interface to simulate mass 

and energy balance in a single-flash GPP as well as examine the thermodynamic performance of the gas removal 

system, which is the most important step in the planning and designing phase of the GPP. This software was 

validated using outputs of Kamojang GPP Units 2, 3, and 4 located at Kamojang geothermal field, Garut, West 

Java, Indonesia. Units 2 and 3 use two ejectors which are installed in series and Unit 4 utilize a hybrid system 

which is mostly a combination of vacuum pumps and a steam jet ejector. The modeling results yield that Kamojang 

GPP Units 2 and 3 generate power of 55.295 MW with an absolute error of 0.53%, whereas Unit 4 generates a 

power of 60.218 MW with a 0.36% absolute error with respect to the field data. These results comply with the 

expected minimum error, so the model parameters are considered valid and can be used for simulation. It was 

shown from the simulation that the total saving of steam consumption for the hybrid system at Kamojang GPP 

Units 2 and 3 is 534 kW. The power requirement of the vacuum pumps is still less than the power generated by 

the motive steam required by the ejector to dispose the NCG at the same amount. This indicates that Kamojang 

GPP Units 2 and 3 will be more efficient when using a hybrid system. 

Keywords: single flash geothermal power plant, non-condensable gases, thermodynamic efficiency, software-

based interface 

 

Introduction 

The Kamojang geothermal field located in Garut, West Java, Indonesia (Figure 1) was developed by Pertamina and is 

estimated to have a potential capacity of 300 MW.  The Kamojang Geothermal Power Plant (GPP) has adopted a 
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single flash system whose current installed capacity is 235 MW consisting of five generating units. Unit 1 which has 

a capacity of 30 MW, Units 2 and 3 which have a capacity of 55 MW operated by PT. Indonesia Power, while Unit 4 

and Unit 5 having a capacity of 60 MW and 35 MW respectively, are operated by PT. Pertamina Geothermal Energy. 

In a single-flash GPP, the fluid at the wellhead is a saturated liquid (Ameri et al. 2006). The fluid is then passed into 

a flasher (separator) to separate the phases of liquid and vapor. During the flashing process, the fluid pressure decreases 

causing a lower temperature and vapour fraction. At this condition the enthalpy remains constant and the entropy 

increases. The generated steam from the flasher is directed to a turbine to generate electricity while the remaining 

liquid is reinjected into the reinjection well. 

A geothermal fluid that flows through the entire GPP flash steam cycle contains higher concentrations of non-

condensable gases (NCG) than conventional fossil fuel power plants. The number of NCG present in geothermal steam 

has a substantial impact on a GPP's ability to generate electricity. The fraction of NCG varies around the world 

depending on the resource, from near nil to as high as 25% by weight of steam (Hall 1996; Coury et al. 1996). The 

NCG content in the Kamojang geothermal field is currently around 0.5% to 0.8%.  The amount of NCG in the 

condenser could be reduced by using a gas removal system. The commonly used conventional NCG removal systems 

are steam jet ejectors (SJE), liquid ring vacuum pumps (LRVP), centrifugal compressors, and hybrid systems (HS). 

Mechaelidas (1982) conducted a study to analyze the capabilities of various NCG removal systems and found that it 

is advisable to use an ejector when the NCG levels are relatively low and when the NCG levels are high, it is advisable 

to use an ejector compressor. Yildrim Ozcan (2010) concluded that every 1% increase in NCG concentration in steam 

is decreased by 0.4% for a compressor system, 2.2% for a hybrid system, and 2.7% for using only a steam ejector. 

The Kamojang GPP Units 2 and 3 use a gas removal system with a configuration of two steam ejectors arranged in 

series. This type of gas removal requires a large amount of motive steam. This motive steam can generate a lot of 

power when driving a turbine. The PLTP requires motive steam of around 10500 kg/hr or the equivalent of 1.5 MW, 

which is not a small amount. 

There is various software available to simulate GPP. The earliest is GEOCOST (Bloomster et al. 1975) which only 

includes the steam jet ejector and only applies to low NCG concentrations. Another software is GETEM which 

determines the performance of single flash GPP which only considers the steam jet ejector and LRVP as the NCG 

removal system (GETEM 2010). The most extensive and expensive software is ASPEN-HYSYS, a modeling tool for 

design, optimization, business planning, asset management, and monitoring of energy system performance. It is 

possible to create mass and energy balances with the software, but no information about the NCG removal system 

(Aspen-HYSYS 2010). Due to a lack of GPP design and simulation software including NCG gas removal alternatives, 

therefore, this research aims to develop a software-based interface to determine the single-flash GPP with particular 
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emphasis on NCG which maximizes the power output including mass and energy balances with steady-flow conditions 

which could quickly and user friendly. This software was validated using outputs of Kamojang GPP Units 2, 3, and 4 

located at Kamojang geothermal field, Garut, West Java, Indonesia. Units 2 and 3 use two ejectors which are installed 

in series and Unit 4 utilize a hybrid system which is mostly a combination of vacuum pumps and a steam jet ejector. 

 

Thermodynamics Model 

Mass and Energy Balance 

The first law of thermodynamics applies the principle of conservation of energy to systems in which heat transfer and 

work performance are methods of transferring energy into and out of the system. The main mass and energy balance 

equations used in the steady-state model are shown in Equation 1. 

 
 𝑄 𝑊 𝑚 ℎ 𝑚 ℎ  

            (1) 

𝑄 is the sum of all heat transfer into and out of the system, 𝑊 is the net work done on the system, 𝑚 is the mass flow 

rate. 

Flashing and Separation Process 

The T-S diagram for a single-flash GPP is shown in Figure 2. Point 1 is a two-phase fluid with very high-water content. 

Point 2 is the flashing process in the separator. The flashing process is modeled under conditions of constant enthalpy, 

so it can be written that ℎ ℎ , where ℎ is the enthalpy (kJ/kg).  

Point 3 is the state of the water that has separated from the steam. The separation process can be condensed at 

constant pressure as an isobaric process after the flash has occurred. Point 4 is the entry point of the turbine in which 

the steam has separated from the water. Point 5 is the turbine exit point. It is also the entry point to the condenser. If 

this process is ideal, then the entropy out of the turbine will be equal to the entropy when it enters the turbine 

(isentropic) or the exit point of the turbine falls on point 5s. The closer this process is to being isentropic, the higher 

the efficiency obtained. This condensation process occurs in the condenser and the state of the fluid leaving the 

condenser is point 6, which is the state of saturated water. The fluid at point 6 is further lowered in temperature in the 

cooling tower before finally being injected back into the earth through the condensate injection well. 

Figure 3 shows the flow process of the separator, demister, and flash tank. The separation process is isobaric once 

the flash has taken place. The pressures at points 1, 2, and 3 are equivalent and equal to the separator pressure (𝑃𝑃 𝑃 𝑃 . The dryness fraction quality 𝑥 of the mixture formed after flashing results from: 

 𝑥 ℎ ℎℎ ℎ  
(2)

The mass flow rate of steam from the separator to the turbine is calculated as follows: 
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 𝑚. 𝑥 𝑚.
 (3) 

The mass flow rate of the fluid at point 4, which leaves the separator and leads to the demister, can be determined 

using the following equation 4: 

 𝑚. 𝑚. 𝑚.
 (4) 

The pressure loss occurring when passing through the demister is 10 kPa and the flash mass flow rate is around 

1% of the steam mass flow rate. (Swandaru 2006). The mass flow of the fluid at point 7 to the turbine can then be 

determined from the following equation 5. 

 𝑚. 𝑚. 𝑚. 𝑚.
0.01𝑚.

  (5) 

Turbin Expansion Process     

The input condition of the working fluid and the exhaust pressure is set for a turbine in steady operation. The 

process can be seen in Figure 4 from state 4 to state 5 which is an ideal turbine process, which is the ratio of the actual 

work of the turbine to the work that occurs in the isentropic process. Isentropic efficiency of a turbine (𝜂  is written 

as shown in equation 6. 

 𝜂 𝐴𝑐𝑡𝑢𝑎𝑙 𝑡𝑢𝑟𝑏𝑖𝑛𝑒 𝑤𝑜𝑟𝑘𝐼𝑠𝑒𝑛𝑡𝑟𝑜𝑝𝑖𝑘 𝑡𝑢𝑟𝑏𝑖𝑛𝑒 𝑤𝑜𝑟𝑘  
𝑊𝑊 ℎ ℎℎ ℎ ,

 
(6) 

h5a and h5a,s are the enthalpy values at the exit state for the actual process and the isentropic process, respectively. 

According to Cengel and Boles 2006, the isentropic value of turbine condensation is determined by measuring the 

actual work output to measure the condition of the inlet and outlet pressure.  

Figure 5 shows that steam from the demister (point 7) is used for the turbine, the steam ejector of the first stage 

(point 11), and the steam ejector of the second stage (point 10). A liquid ring vacuum pump replaces the second stage 

ejector in normal operation, allowing the second stage ejector to be used as a redundancy. The work generated by the 

turbine per unit of mass of steam results from the assumption that the processes taking place in the turbine are adiabatic 

and reversible (isentropic), changes in the kinetic energy, and the potential energy when entering and exiting the 

turbine is neglected. The turbine generates energy in the form of equation 7. The turbine's isentropic efficiency is 

calculated as follows: 

 𝑤 ℎ ℎ   (7) 

The turbine's isentropic efficiency is calculated as follows: 

 𝜂 ℎ ℎℎ ℎ ,

 
(8) 

The mass flow of steam to the turbine is calculated using the following equation: 

 𝑚. 𝑚. 𝑚.
 (9) 



 

5 

The steam quality at point 8 is the same as it is at point 7. The efficiency of the generator is 𝜂 , then the power of 

the turbine generator is determined by the following equation 10 with 𝑊  is turbine power. 

 𝑊 𝜂𝜂 𝑊 𝜂𝜂  𝑋 𝑚. ℎ ℎ  
            (10) 

   

Condensing Process    

There are two types of condensers, namely direct contact and surface condensers. The most common type used in GPP 

is the direct contact condenser (Siregar 2004). The flow diagram of a direct-contact condenser is shown in Figure 6. 

The steam leaving the turbine is directed to the condenser, where it mixes with the cold-water spray from the cooling 

tower and the cooling gas from the NCG exhaust system. The steam condenses on the water droplets and the 

condensate flows through the barometric foot into the tank with a sealing hole to overcome atmospheric pressure. 

NCG and a small amount of steam is drawn in from the condenser through the NCG exhaust system. 

Heat energy in the condenser can be calculated using equation 11. 

 𝑄 ℎ ′ ℎ . 𝑚 ′
.

 (11)

The condenser enthalpy is calculated using equation 12. 

 ℎ ℎ 𝜂 . ℎ ℎ ,  (12)

Where ℎ , ℎ , 𝑋 ℎ , ℎ ,  and 𝑋 𝑠 𝑠 , / 𝑠 , 𝑠 ,  

stotal is the entropy of NCG (in this case CO2 gas is taken) obtained by using an equation based on the temperature 

function from 220-590 K. The equation of energy balance (ct point) is: 

 𝑚. 𝑚. ℎ ℎ . 𝑚. ℎ ℎ 𝑚. ℎ ℎ . 𝑚. ℎ ℎ . 𝑚. ℎ ℎℎ . ℎ  
(13) 

Extraction Gas System 

To reduce the motive steam consumption of the ejector, the second stage can be replaced by a vacuum pump. The 

integration of the steam jet ejector with the vacuum pump is usually called a hybrid system. To calculate the required 

power consumption required to clear a particular one the amount of saturated water vapor of non-condensable gas 

from a condenser, it is necessary to know the mass flow rate and molecular weight of non-condensable gas, suction 

pressure, discharge pressure, gas suction temperature, the mass flow rate of the water vapor, and steam pressure 

(Geothermal Institute 1996b). To calculate the mass flow rate of extraction gas and steam required for the steam 

ejector, it can be searched based on the following points: 

1. Calculate the gas volume flow rate and mass flow rate of vapor water using Dalton’s laws of partial pressure and 

ideal gas equations. In the situation of water vapor saturated non-condensable gas, the gas volume flow rate is 

shown by equation 14. 
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 𝑉. 𝑚⋅ 𝑅𝑇𝑃 𝑃  

(14)

where P is pressure (N/m2) and T is the temperature of non-condensable gas (K). 

The mass flow rate of NCG to be discharged from the condenser is determined by the mass flow rate of the fluid 

entering the condenser. The saturation pressure (Pt) of the hot gas and vapor mixture in the system at a temperature 

of 250C is indicated by P11 (first stage ejector) as shown in Figure 7a and P10 shown in Figure 7b (second stage 

ejector). Each stage uses equal pressure ratios based on system suction and discharges pressure of 90% condenser 

pressure and 105 kPa which a permissible pressure drop is 0.019 bar-a at the intercooler and aftercooler. 

2. Calculate the entrainment ratio using the equation generated from the entrainment ratio curve. For a non-

condensable gas, the equation can be used to compute the entrainment ratio shown by equation 15. 

 𝐸 5.73 ⋅ 10 𝑥18.36
2.01 ⋅ 𝑀 .

18.36. 𝑀 .
 

(15)

The water-vapor entrainment ratio can be calculated using equation 16. 

 𝐸 5.73 ⋅ 10 𝑥18.36
2.01 ⋅ 𝑀 .

18.36. 𝑀 .
 

(16)

3. Calculate total air equivalent (TAE) can be calculated using equation 17. 

𝑇𝐴𝐸 𝑀𝐸 𝑀𝐸  
(17)

4. Calculate compression ratio, is defined as the ratio of discharge to suction shown by Equation 18. 

 𝑃𝑃 𝑃𝑃  
(18)

5. Determine the expansion ratio for the first and second stages is defined as the ratio of the motive steam pressure 

to the suction pressure, as shown by equations 19 and 20. 

 𝐸 𝑃𝑃  
(19)

  

 

 
𝐸 𝑃𝑃  

(20)

6. Determine the air-to-steam ratio can be determined using the air-to-steam ratio curve. 

To numerically approximate the air-to-steam ratio curve, the curve is digitized for various compression ratio values 

and then logarithmically interpolated to obtain a logarithmic equation for each compression ratio value in the air-

to-steam ratio curve. 

7. Determine motive steam mass flow rate for both stages according to equations 21 and 22. 

 𝑚. 𝑇𝐴𝐸𝑈  
(21)
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 𝑚. 𝑇𝐴𝐸𝑈  
(22)

 

Assuming that the process is adiabatic (Q = 0) and the entire NCG (in this case considered as CO2) is sucked in by 

the ejector, then the equation for the mass and energy balance of the ejector of stage 1 is shown by the equation 23 

and the mass and energy balance equations at stage 2 ejectors shown by equation 24. 

 
ℎ

𝑚.
ℎ 𝑚.

ℎ𝑚 𝑚.
ℎ 𝑚.

ℎ𝑚. 𝑚.  
(23)

 
ℎ

𝑚.
ℎ 𝑚.

ℎ𝑚 𝑚.
ℎ 𝑚.

ℎ𝑚. 𝑚.  
(24)

Inter-condenser  

The function of the inter-condenser is to condense the first stage motive steam and to remove part of the water vapor 

that initially saturated the non-condensable gas shown in figure 8.  

Assuming cold water absorbs all heat and there is no loss to the environment, the energy balance equation for the 

inter-condenser is shown in equation 25. 

 

   

𝑚.

 

.

 ℎ  , ℎ  
.

 , ℎ  ℎ
.

, ℎ  ℎ

ℎ  ℎ  
 

(25)

Determining the mass balance equation in the inter-condenser is shown by equation 26. 

 𝑚.

 𝑚.

 𝑚.  𝑚.
 (26)

After-condenser  

The after-condenser acts as a noise suppressor, the after-condenser process can show in figure 9.  

the energy balance equation for the after-condenser is shown in equation 27. 

 𝑚. _

𝑚. ℎ , ℎ 𝑚. , ℎ ℎ 𝑚. , ℎ ℎ ℎ
ℎ ℎ _

𝐸  
(27)

 

Where 𝐸  shown in equation 28 

 𝐸 𝑚.

, ℎ , ℎ 𝑚.

, ℎ ℎℎ ℎ _

 
(28)

For determining the mass balance equation in the inter-condenser  shown by equation 29 

 𝑚. 𝑚. 𝑚. 𝑚. _ 𝑚.
 (29)

Cooling Tower  

A wet cooling tower with a mechanical induction system will be used as the heat rejection system of the plant shown 

in Figure 10.  

The energy balance equation for the cooling tower is shown in equation 30. 
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 𝑚. 𝑚. ℎ ℎ
ℎ , 𝜔 ℎ , ℎ , 𝜔 ℎ ,

 
(30)

To determine the value of 𝜔 (kg / kg), relative humidity, and air enthalpy using the psychometric diagram. 

Hot Well Pump (HWP) 

The Hot Well Pump is the main cooling pump that is used to pump condensation water from the condenser to the 

cooling tower to be cooled. The HWP power can be calculated using Equation 31. 

 𝑊 𝑔ℎℎ 𝑚
1000𝜂  

(31)

The flow diagram for the mass and energy balance module is shown in Figure 11. The figure shows the input and 

output parameters of each submodule. The sub-models operate simultaneously using the output parameters of each 

sub-module as input parameters for the others. The main power of the module is the net power, total auxiliary power 

of GPP, and the specific steam consumption of the GPP. The module's first phase is to identify the optimum separator 

and condenser pressures which give the maximum net power output and minimum total auxiliary power. The module 

calculates net power production and total auxiliary power for NCG removal systems using optimum separator and 

condenser pressures. This module also determines the mass flow rate, enthalpy, temperature, and pressure at each GPP 

state. 

 

Results and Discussion 

Ejector System 

The model is validated only with the annual average electricity production capacity (net power output) of Kamojang 

GPP Units 2 and 3, which uses compressors as an NCG removal system. 

Data is used in calculating the output power of the Kamojang GPP Units 2 and 3 as shown in table 1.  

Table 1 Data and Assumptions of Kamojang GPP Units 2 and 3 

Parameter Value Unit 

Wellhead Pressure (P1) 34 bar-a 

Mass Flow Rate (m1) 390060 kg/h 

Separator Outlet Enthalpy (h2) 2759.5 kJ/kg 

Turbine Inlet Temperature (T8) 161.9 oC 

Turbine Outlet Pressure ( P9) 0.1 bar-a 

Turbine Outlet Temperature, (T9) 45.8 oC 

Mass Flow Rate of Vapor, (mvapor) 376580 kg/h 
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Mass Flow Rate of CO2, (M0 CO2) 1883 kg/h 

Molecular Weight Total 42.9 kg/kmol 

Static Pressure Total 6.7 mmH2O 

Velocity pressure 4.7 mmH2O 

Cooling Tower Temperature 27 oC 

Suction Pressure 0.41 bar-a 

1st Ejector Suction Pressure 29 oC 

2nd Ejector Suction Pressure 40 oC 

After-condenser Outlet Temperature 50 oC 

 

The GPP input interface of the mass and energy balance module is shown in Figure 12. 

 If the Run button object is clicked, it will display the output specifications of each GPP module such as turbine 

data, generator data, gas extractor data, condenser, inter-condenser, after-condenser, cooling tower, and pump in the 

list box in SI unit shown in Figure 13, and the object is shown in Figure 14 to display screen results Kamojang Units 

2 and 3 types of ejector systems and Figure 15 to display screen results Kamojang Units 2 and 3 types of hybrid 

systems. 

Comparison and validation of model data with GPP Kamojang Units 2 and 3 design data using an ejector system can 

be seen in table 2. 

Table 2 Validation results of Kamojang GPP Units 2 and 3 

Specification  Unit  Component  Design Data  

Ejector 

Model  

Hybrid 

Model  

Rated Capacity kW  
Turbine  

55000 55295 55413 

Steam Flowrate   kg/h  376580 378468 379260 

Inlet Cooling Water 

Massflow Rate kg/h  Inter 

condenser  

150000 150588 152316 

Outlet Condensate Massflow 

Rate  kg/h  156419 156852 157860 

Inlet Cooling Water 

Massflow Rate kg/h  After 

condenser  

150000 150948 152460 

Outlet Condensate Massflow 

Rate  kg/h  155542 156672 158940 

Inlet Cooling Water 

Massflow Rate kg/h  Condensor  

  

  

12488135 12477600 12574800 

Outlet Condensat Massflow 

Rate  kg/h  1300000 13168800 13287600 

Enthalphi kJ/kg  2218.6 2218 2218 

Inlet Cooling Water 

Massflow Rate kg/h  

Cooling 

Tower  13200000 13100400 13302000 

suction steam rate kg/h  Ejector 1  5900 5940 5148 

suction steam rate kg/h  Ejector 2  4560 4535 6516 

MCWP Power kW MCWP 860 916 1044 
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The modeling validation was carried out with the construction data of the mass and energy balance of the Kamojang 

GPP Units 2 and 3 (100% load). Validated data is model data with field validation data. The minimum error expected 

in this calculation is 5%. The validation results show that the generator output from the model calculations is 55,294 

MW, a difference of around 0.53% (0.2 MW) compared to the design data for the Kamojang GPP Units 2 and 3, which 

generates 55 MW generator output. The specifications of other components also have an error of less than 5%. Since 

the calculation error is less than 5%, this model is considered to be valid for use in the simulation. Based on table 2, 

it can be seen that the total steam requirement to generate a net power output of 55 MW in the hybrid system (384,408 

kg/h) is lower than in the ejector system (388,944 kg/h). The hybrid system can save 4536 kg/h of steam consumption 

or the equivalent of 693 kW. This is because the hybrid system requires less motive steam to attract NCG. Viewed 

from the level of the auxiliary energy consumption, the auxiliary energy consumption of the hybrid system is higher 

than that of the ejector system. For a net power output of 55 MW, auxiliary power consumption from the hybrid system 

is 1313 kW and the ejector system is 1154 kW. The difference in auxiliary power consumption of 159 kW is equivalent 

to the amount of electric power installed by the LRVP when using a hybrid system. When comparing the system 

savings of 693 kW and the amount of LRVP power that needs to be added to the hybrid system of 159 kW, the total 

amount of steam saved is 534 kW. 

Hybrid System  

Data used in calculating the output power of the Kamojang GPP Unit 4 is shown in table 3. 

Table 3 Data and Assumptions of Kamojang GPP Unit 4 

Parameter Value Unit 

Wellhead Pressure (P1) 34 bar-a 

Mass Flow Rate (m1) 417600 kg/h 

Separator Outlet Enthalpy (h2) 2780.67 kJ/kg 

Turbine Inlet Temperature (T8) 11 bar-a 

Turbine Outlet Pressure ( P9) 0.16 bar-a 

Mass Flow Rate of Vapor, (mvapor) 7120 kg/h 

Molecular Weight Total 42.9 kg/kmol 

 

Table 4 also shows the comparison and validation of model data with design data of the Kamojang GPP Unit 4 using 

a hybrid system. 
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Table 4 Validation results of Kamojang GPP Unit 4 

State  Unit  Component Data Desain  Data Model  

Error 

(%)  

Rated Capacity kW  

Turbine  

60000 60218 0.36 

Steam Flowrate   kg/h  411729 411228 -0.12 

Inlet Cooling Water Massflow Rate kg/h  Inter- 

Condensor 

565999 565236 -0.13 

Outlet Condensat Massflow Rate  kg/h  578483 575460 -0.52 

Inlet Cooling Water Massflow Rate kg/h  After- 

Condensor 

- 672120 - 

Outlet Condensat Massflow Rate  kg/h  - 684360 - 

Inlet Cooling Water Massflow Rate kg/h    

Condensor  

  

7381203 7387200 0.08 

Outlet Condensat Massflow Rate  kg/h  8384034 8359200 -0.30 

Enthalphi kJ/kg  - 2221 - 

Inlet Cooling Water Massflow Rate kg/h  Cooling Tower  8194420 8247600 0.65 

suction steam rate kg/h  Ejector 1st  9531 9648 1.23 

suction steam rate kg/h  Ejector 2nd  - 12240 - 

MCWP Power kW MCWP 60000 60218 0.36 

 

Model validation was performed using mass and energy balance design data for PLTP Kamojang Unit 4 (100% 

load). The validation results show that the generator output from the model calculation is 60,218 MW, a difference of 

around 0.36% (0.2 MW) compared to the design data for the PLTP Kamojang Unit 4, which generates 60 MW 

generator output. The specifications of other components also have an error of less than 5%. Given the decline in 

production from the wells in the Kamojang geothermal field, it can be said that the use of a hybrid system extends the 

life of the wells as this gas removal system saves more steam consumption. Sasradipoera (2000) analyzed that the 

wells in the Kamojang geothermal field show an average decrease in the production of 5% per year. The results of the 

sensitivity analysis were also carried out using the Specific Steam Consumption (SSC) parameter, in which the specific 

amount of steam consumed can be expressed as a comparison between the amount of steam available and the power 

generated. Analyzed parameters when selecting the gas removal system are the NCG content, the inlet pressure, and 

the condensate pressure. The results of the sensitivity analysis show that the required gross SSC type of the hybrid 

system is still lower than the ejector system in any range of NCG content, turbine inlet pressure, and condenser 

pressure, so with a thermodynamic approach, the hybrid system is generally more efficient than the ejector system. 
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Resume 

Model and simulation of GPP single flash have been developed to examine the effects of NCG and gas removal 

system. An alternative to the modeled NCG removal system is the ejector system and hybrid system. The model is 

validated by comparing model output with Kamojang GPP Units 2, 3, and 4. The validation results show that the 

generator output from the model calculations is 55,295 MW, a difference of around 0.53% (0.2 MW) compared to the 

design data for the Kamojang GPP Units 2 and 3 and 60,218 MW, a difference of around 0.36% (0.2 MW) compared 

to the design data for the Kamojang GPP Unit 4. Other component specifications also have an error of less than 5%, 

so this model is considered valid for use in simulations. The selection of a gas removal system is very important as it 

depends on the amount of net power being generated. Based on the calculation results, the total amount of steam 

needed to generate net power output at Kamojang GPP Units 2 and 3 is 55 MW for the hybrid system, which is smaller 

than the ejector system because the hybrid system requires less motive steam to attract NCG. In addition, the hybrid 

system can save 693 kW of steam consumption, but its consumption is 159 kW higher so the total steam saving is 534 

kW. From the results of the sensitivity analysis, it can be concluded that the LRVP power requirement is still less than 

the power that can be generated by the motive steam required by the ejector to dispose of NCG in the same amount, 

so that PLTP Kamojang Units 2 and 3 will be more efficient when using a hybrid system. 
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