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Based on its reservoir temperatures, Hochstein (1990) divided geothermal systems into three systems as the 
 following (ref. 1): 


1.  Low temperature geothermal systems which have reservoir temperature ranges less than 125°C (low 
 enthalpy). 


2.  Medium temperature geothermal systems which have reservoir temperature ranges between 125°C and 
 225°C (medium enthalpy). 


3.  High temperature geothermal systems which have reservoir temperature ranges higher than 225°C (high 
 enthalpy). 


Geothermal to electrical power conversion systems typically in use in the world today may be divided into four 
 energy conversion systems, which are: 


•  Direct steam plants; used at vapor-dominated reservoirs; dry saturated or slightly superheated steam with 
 temperature range from 320°C down to some 200°C. 


• Flashed steam plants; used at water-dominated reservoirs with temperatures greater than 182°C 
 o  Single flash plants; only high-pressure flash steam 


o  Double flash plants; low and high-pressure flash steam 


• Binary or twin-fluid system (based upon the Kalina or the Organic Rankin cycle); resource temperature 
 range between 107°C to about 182°C. 


•  Hybrid; a combined system comprising two or more of the above basic types in series and/or in parallel. 


Condensing and back pressure type geothermal turbines are essentially low-pressure machines designed for 
 operation at a range of inlet pressures ranging from about 20 bar down to 2 bar, and saturated steam. A 


condensing type system is the most common type of power conversion system in use today. They are generally 
 manufactured in output module sizes of the following power ratings: 20 MW to 110 MW (the largest currently 
 manufactured geothermal turbine unit is 117 MW). Binary type low/medium temperature units, such as the Kalina 
 Cycle or Organic Rankin Cycle type, are typically manufactured in smaller modular sizes, i.e. ranging between 1 
 MW and 10 MW in size. Larger units specially tailored to a specific use are, however, available typically at a 
 somewhat higher price. 


Figure 30: Direct and single flashed steam plants (ref. 7) 


Figure 31: Double flashed and binary steam plants (ref. 7) 


Figure 32: Hybrid/Combined Cycle plant (ref. 8) 


The total capacity of geothermal power plants installed in 2015 in Indonesia was 1438 MW (ref. 2). In the same 
 year, geothermal power plants have generated electricity of about 10 TWh. This equals to an average capacity 
 factor of 80%. According to statistics of PT Indonesia Power 2015, the overall capacity factor of Kamojang, 
 Salak and Darajat Geothermal Power Plants with total capacity of 345 MW could reach 96%. The current 
 installed units have a capacity ranging from 2.5 to 110 MW per unit. Indonesia has the largest geothermal 
 resources potential in the world of about 29.5 GW, which comprises 12 GW of resources and 17.5 GW of 
 reserves (ref. 2). The geothermal potential in Indonesia is mainly volcanic-type systems.   


In Kenya 636 MW of geothermal capacity is in operation. Most is of the direct type (ref. 13). 


Input 


Heat from brine (saline water) from underground reservoirs. 


Output 


Electricity and Heat. 


Typical capacities 
 2.5-110 MW per unit. 


Ramping configurations 


The general experience is that the geothermal energy should be used as base load to ensure an acceptable return 
on investment. For most geothermal power plants, flexibility is more of an economic issue than a technical one. 


Advantages/disadvantages 
 Advantages: 


• High degree of availability (>98% and 7500 operating hours/annum common). 


• Small ecological footprints. 


•  Almost zero liquid pollution with re-injection of effluent liquid. 


•  Insignificant dependence on weather conditions. 


• Comparatively low visual impact. 


• Established technology for electricity production. 


• Cheap running costs and “fuel” free. 


•  Renewable energy source and environmentally friendly technology with low CO2 emission. 


•  High operation stability and long-life time. 


• Potential for combination with heat storage. 


• Geothermal is distinct from variable renewables, such as wind and solar, because it can provide consistent 
 electricity throughout the day and year. 


Disadvantages: 


• No security for success before the first well is drilled and the reservoir has been tested (ref. 11). / high 
 risk investment 


•  High initial costs. 


•  The best reservoirs not always located near cities. 


• Need access to base-load electricity demand. 


• The impact of the drilling on the nearby environment. 


•  Risk of mudslides if not handled properly. 


•  The pipelines to transport the geothermal fluids will have an impact on the surrounding area. 


Environment 


Steam from geothermal fields contains Non-Condensable Gas (NCG) such as Carbon Dioxide (CO2), Hydrogen 
 Sulphide (H2S), Ammonia (NH3), Nitrogen (N2), Methane (CH4) and Hydrogen (H2). Among them, CO2 is the 
 largest element within the NCG’s discharged. CO2 constitutes up to 95 to 98% of the total gases, H2S constitutes 
 only 2 to 3%, and the other gasses are even less abundant. 


H2S is a colourless, flammable, and extremely hazardous gas. It causes a wide range of health effects, depending 
 on concentration. Low concentrations of the gas irritate the eyes, nose, throat and respiratory system (e.g., 
 burning/tearing of eyes, cough, shortness of breath). Safety threshold for hydrogen sulphide in humans can range 
 from 0.0005 to 0.3 ppm. 


Employment  


During construction, the development of Indonesian Lahendong Unit 5 and 6 and Ulubelu Unit 3 Geothermal 
 Power Plants with total installed capacity of 95 MW have created around 2,750 jobs to the local work force. 


These power plants began to operate commercially in December 2016. 


Research and development 


Geothermal power plants are considered as a category 3 – i.e. commercial technologies, with potential of 
 improvement.  


In order to successfully demonstrate binary power plant technologies at an Indonesian site and to stimulate the 
development of this technology, a German-Indonesian collaboration involving GFZ Potsdam (Germany), the 
Agency for the Assessment and Application of Technology in Indonesia (BPPT) and PT Pertamina Geothermal 
Energy (PGE) has been initiated. The basis for this collaboration was established within the German-Indonesian 
cooperation project “Sustainability concepts for exploitation of geothermal reservoirs in Indonesia” which started 
in 2009. Since then, several research activities have been carried out in the field of integrated geosciences and 
fluid-chemistry (ref. 6). In the field of plant technology, the technical concept for a demonstration binary power 
plant at the Lahendong, North Sulawesi site has been elaborated. The realization of the demonstration 550 kW 
binary power plant is carried out in a separate collaboration project which was officially granted in October 2013. 


The binary power plant will use brine from well pad of LHD-5. The brine temperature is about 170°C 


corresponding to a separator pressure of 8.5 bar(g). The total mass flow will be about 110 t/h. The brine outlet 
 temperature should be about 140 °C since it should be possible to inject the hot brine back into the reservoir in the 
 western part of the geothermal system. 


The power plant cycle will be a subcritical, single-stage Organic Rankine Cycle (ORC) with internal heat 
 recovery using n-pentane as working fluid. For low maintenance and high reliability of the ORC, no rotating 
 sealing are used in the conversion cycle. The feed pump will be a magnetic coupled type. Turbine-stage and 
 generator will be mounted in one body and are directly connected by the shaft. 


In the figure below, which shows the technical concept of the demonstration plant, it can be seen that the 
 ORC-module is not directly driven by the geothermal fluid, since a water cycle between the brine cycle and ORC will 
 be used. Material selection and design of the primary heat exchanger can hence be based on the brine composition 
 whereas the evaporator design can be optimized with focus on the thermo-physical characteristic of the working 
 fluid. For the heat removal from the ORC to the ambient by means of air-cooled equipment, an intermediate water 
 cycle is also planned to minimize potential risks of malfunction in the conversion cycle. Using a water-cooled 
 condenser also has the advantage to facilitate a factory test of the complete ORC-module prior to the final 
 installation at the site. Both intermediate cycles will lead to a loss in power output due to the additional heat 
 resistance and the additional power consumption by the intermediate cycle pumps and entail additional costs. 


However, the gain in plant reliability was considered to outweigh the power loss for this demonstration project. 


An intermediate cycle on the hot side might, however, also be advantageous for other sites. 


The installed capacity will be about 550 kWe. The auxiliary power consumption is estimated to be lower than 
 20%. 


Figure 33: Technical concept of the demonstration power plant (ref. 4) 


Examples of current projects 


Vietnam lies on the contact between the East Sea basin and the continental ridge of Southeast Asia. More than 
 300 hot mineral manifestations with temperatures up to 105oC have been identified. Furthermore, more than 100 
 hot water resources with temperatures up to 148oC have been identified (ref. 12). 


So far very limited use of geothermal has taken place in Vietnam. High investment cost and lack of experience 
 may be part of the reason. 


Additional remarks 


The conversion efficiency of geothermal power developments is generally lower than that of conventional 


thermal power plants. The overall conversion efficiency is affected by many parameters including the power plant 
design (single or double flash, triple flash, dry steam, binary, or hybrid system), size, gas content, parasitic load, 
ambient conditions, and others. The figure below shows the conversion efficiencies for binary, single flash-dry 
steam, and double flash. The figure shows that double flash plants has higher conversion efficiency than single 
flash, but can have lower efficiency than binary plants for the low enthalpy range (750-850 kJ/kg). This has a 
direct impact on the specfic capital of the plant as shown in the following figure. 


Figure 34: Geothermal plant efficiency as a function of temperature and enthalpy (ref. 5) 


Figure 35: Indicative power plant only costs for geothermal projects by reservoir temperature (ref. 10). The power plant unit 
 stands for around 40-50% of the total capital costs. 
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Data sheets 


The following pages contain the data sheets of the technology. All costs are stated in U.S. dollars ($), price year 
2016.  


Technology  Geothermal power plant - small system (binary or condensing) 


1  Ea Energy Analyses and Danish Energy Agency, 2017, "Technology Data for the Indonesian Power Sector - Catalogue for Generation and Storage of Electricity" 


2  Budisulistyo & Krumdieck , 2014, "Thermodynamic and economic analysis for the pre- feasibility study of a binary geothermal power plant" 


3  IRENA, 2015, Renewable Power Generation Costs in 2014. 


4  Learning curve approach for the development of financial parameters. 


5  Moon & Zarrouk, 2012, “Efficiency Of Geothermal Power Plants: A Worldwide Review”.   


6  Yuniarto, et. al., 2015. “Geothermal Power Plant Emissions in Indonesia”. 


7  Geothermal Energy Association, 2006, "A Handbook on the Externalities, Employment, and Economics of Geothermal Energy". 


8  Climate Policy Initiative, 2015, Using Private Finance to Accelerate Geothermal Deployment: Sarulla Geothermal Power Plant, Indonesia. 


   
 Notes:  


A  The efficiency is the thermal efficiency - meaning the utilization of heat from the ground. Since the geothermal heat is renewable and considered free, then an increase in 
 effciency will give a lower investment cost per MW. These smaller units are assumed to be binary units at medium source temperatures. 


B  Geothermal do emit H2S. From Minister of Environment Regulation 21/2008 this shall be below 35 mg/Nm3. 


C  Uncertainty (Upper/Lower) is estimated as +/- 25%.   


D  Investment cost are including Exploration and Confirmation costs (see under Technology specific data).   


E  Investment costs include the engineering, procurement and construction (EPC) cost. See description under Methodology. 


   


  


Technology  Geothermal power plant - large system (flash or dry) 


1  Ea Energy Analyses and Danish Energy Agency, 2017, "Technology Data for the Indonesian Power Sector - Catalogue for Generation and Storage of Electricity" 


2  IEA, World Energy Outlook, 2015. 


3  IRENA, 2015, Renewable Power Generation Costs in 2014. 


4  Learning curve approach for the development of financial parameters. 


5  Moon & Zarrouk, 2012, “Efficiency Of Geothermal Power Plants: A Worldwide Review”.   


6  Yuniarto, et. al., 2015. “Geothermal Power Plant Emissions in Indonesia”. 


7  Geothermal Energy Association, 2006, "A Handbook on the Externalities, Employment, and Economics of Geothermal Energy".   


8  Geothermal Energy Association, 2015, "Geothermal Energy Association Issue Brief: Firm and Flexible Power Services Available from Geothermal Facilities"


   
 Notes:  


A  The efficiency is the thermal efficiency - meaning the utilization of heat from the ground. Since the geothermal heat is renewable and considered free, then an increase in 
 efficiency will give a lower investment cost per MW. These large units are assumed to be flash units at high source temperatures.   


B  Uncertainty (Upper/Lower) is estimated as +/- 25%, which is an estimate build upon cases from IRENA (ref. 3) 
 C  Geothermal do emit H2S. From Minister of Environment Regulation 21/2008 this shall be below 35 mg/Nm3. 


D  The learning rate is assumed to impact the geothermal specific equipment and installation. The power plant unit (i.e. the turbine and pump) is assumed to have very little 
 development. From Ref. 3 it is assumed that half of the investment costs are on the geothermal specific equipment. 


E  Investment costs are including Exploration and Confirmation costs (see under Technology specific data). 
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