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FOREWORD 


Today, we see that innovations and technology improvements within renewable energy are taking place at a very 
 high pace. Long term energy planning is very dependent on the best estimate with regard to price and 


performance of future energy producing technologies. The objective of this technology catalogue is to estimate 
 exactly that. Having good understanding of technologies in terms of price and performance is the key to good 
 energy planning. 


Due to the multi-stakeholder involvement in the data collection process, the technology catalogue contains data 
 that have been scrutinised and discussed by a broad range of relevant stakeholders including PLN, DJK, MEMR 
 and NEC. This is essential because the main objective is to have a technology catalogue that is well anchored 
 amongst all stakeholders and where all stakeholders have agreed that the published data are the best estimate 
 based on current knowledge.  


Further, the technology catalogue will also assist the long-term energy modelling in Indonesia and support 
 government institutions, private energy companies, think tanks and others in developing relevant policies and 
 business strategies to achieve the government’s long-term Renewable Energy and Energy Efficiency targets and 
 not least to increase electrification rate in Indonesia. 


The technology catalogue has been developed by the Secretariat General of the National Energy Council in close 
 collaboration with the Danish Embassy and the Danish Energy Agency – supported by BPPT Engineering and 
 Ea Energy Analyses. The technology catalogue is a dynamic tool by nature that requires continuous update and 
 the National Energy Council will strive to update the catalogue on a regular basis. 


Saleh Abdurrahman,  


Secretary General, National Energy Council 


Søren Mensal Kristensen,  


Head of Energy Cooperation, The Danish Embassy 
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METHODOLOGY 



Introduction to methodology 


The technologies described in this catalogue cover both very mature technologies and technologies which are 
 expected to improve significantly over the coming decades, both with respect to performance and cost. This 
 implies that the price and performance of some technologies may be estimated with a rather high level of 
 certainty whereas in the case of other technologies both cost and performance today as well as in the future is 
 associated with a high level of uncertainty. All technologies have been grouped within one of four categories of 
 technological development (described in section about Research and development) indicating their technological 
 progress, their future development perspectives and the uncertainty related to the projection of cost and 


performance data. 


The boundary for both cost and performance data are the generation assets plus the infrastructure required to 
 deliver the energy to the main grid. For electricity, this is the nearest land-based substation of the transmission 
 grid. This implies that a MW of electricity represents the net electricity delivered, i.e. the gross generation minus 
 the auxiliary electricity consumed at the plant. Hence, efficiencies are also net efficiencies. 


Unless otherwise stated, the thermal technologies in the catalogue are assumed to be designed for and operating 
 for approx. 6000 full-load hours of generation annually (capacity factor of 70%). Some of the exceptions are 
 municipal solid waste generation facilities and geothermal power plants, which are designed for continuous 
 operation, i.e. approximately 8000 full-load hours annually (capacity factor of 90%).  


Each technology is described by a separate technology sheet, following the format explained below. 



Qualitative description 


The qualitative description describes the key characteristic of the technology as concise as possible. The 
 following paragraphs are included if found relevant for the technology. 


Technology description 


Brief description for non-engineers of how the technology works and for which purpose. 


Input 


The main raw materials, primarily fuels, consumed by the technology. 


Output 


The output of the technologies in the catalogue is electricity. Other output such as process heat are mentioned 
 here.  


Typical capacities 


The stated capacities are for a single ‘engine’ (e.g. a single wind turbine or a single gas turbine), as well as for 
the total power plant consisting of a multitude of ‘engines’ such as a wind farm. The total power plant capacity 
should be that of a typical installation in Indonesia.   



(6)Ramping configurations and other power system services 


Brief description of ramping configurations for electricity generating technologies, i.e. what are the part-load 
 characteristics, how fast can they start up, and how quickly are they able to respond to demand changes 
 (ramping)? 


Advantages/disadvantages 


Specific advantages and disadvantages relative to equivalent technologies. Generic advantages are ignored; for 
 example, that renewable energy technologies mitigate climate risk and enhance security of supply.  


Environment 


Particular environmental characteristics are mentioned, e.g. special emissions or the main ecological footprints.  


Employment  


Description of the employment requirements of the technology in the manufacturing and installation process as 
 well as during operation. This will be done both by examples and by listing the requirements in the legal 
 regulation for local content (from Minister Decree or Order No. 54/M-IND/PER/3/2012 and No. 05/M-
 IND/PER/2/2017). It is compulsory for projects owned or funded by government or government owned 


companies to follow these regulations. The table below summarizes the regulation. By local content requirement 
 is meant the amount of work and/or resources that must be applied in Indonesia. 


Summarizing the local requirement regulation. 


Type  Capacity 


Local Content Requirement (%) 


Goods 


(minimum)  Services 


Combined 
 Goods and Services 


(minimum) 


Steam Power Plant  Up to 15 MW  67.95  96.31  70.79 


15 – 25 MW  45.36  91.99  49.09 


25 – 100 MW  40.85  88.07  44.14 


100 – 600 MW  38.00  71.33  40.00 


> 600 MW  36.10  71.33  38.21 


Hydro Power Plant  Up to 15 MW  64.20  86.06  70.76 


15 – 50 MW  49.84  55.54  51.60 


50 – 150 MW  48.11  51.10  49.00 


> 150 MW  47.82  46.98  47.60 


Geothermal Power Plant  Up to 15 MW  31.30  89.18  42.00 


5 – 10 MW  21.00  82.30  40.45 


10 – 60 MW  15.70  74.10  33.24 


60 – 110 MW  16.30  60.10  29.21 



(7)Gas Combined Cycle Power 
 Plant 


Up to 50 MW  40.00  71.53  47.88 


50 – 100 MW  35.71  71.53  40.00 


100 – 300 MW  30.67  71.53  34.76 


> 300 MW  25.63  71.53  30.22 


Solar PV Power Plant  Decentralized off-
 grid 


39.87  100.00  45.90 


Centralized off-grid  37.47  100.00  43.72 


Centralized on-grid  34.09  100.00  40.68 


Research and development  


The section lists the most important challenges from a research and development perspective. Particularly 
 Indonesian research and development perspectives is highlighted if relevant. 


The section also describes how mature the technology is. 


The  first  year  of  the  projection  is  2020  (base  year).  In  this  catalogue,  it  is  expected  that  cost  reductions  and 
 improvements of performance are realized in the future. 


This section accounts for the assumptions underlying the improvements assumed in the data sheet for the years 
 2030 and 2050. 


The potential for improving technologies is linked to the level of technological maturity. Therefore, this section 
 also includes a description of the commercial and technological progress of the technology. The technologies are 
 categorized within one of the following four levels of technological maturity. 


Category 1. Technologies that are still in the research and development phase. The uncertainty related to price 
 and performance today and in the future, is very significant. 


Category 2. Technologies in the pioneer phase. Through demonstration facilities or semi-commercial plants, it 
 has been proven that the technology works. Due to the limited application, the price and performance is still 
 attached with high uncertainty, since development and customization is still needed. (e.g. gasification of 
 biomass). 


Category 3. Commercial technologies with moderate deployment so far. Price and performance of the technology 
today is well known. These technologies are deemed to have a significant development potential and therefore 
there is a considerable level of uncertainty related to future price and performance (e.g. offshore wind turbines) 
Category 4. Commercial technologies, with large deployment so far. Price and performance of the technology 
today is well known, and normally only incremental improvements would be expected. Therefore, the future 
price and performance may also be projected with a fairly high level of certainty (e.g. coal power, gas turbine). 



(8)Technological development phases. Correlation between accumulated production volume (MW) and price. 


Examples of current projects 


Recent technological innovations in full-scale commercial operation should be mentioned, preferably with 
 references and links to further information. This is not necessarily a Best Available Technology (BAT), but more 
 on an indication of the standard that are currently being commissioned. 


References 


All descriptions shall have a reference, which is listed and emphasized in the qualitative description. 



Quantitative description 


To enable comparative analyses between different technologies it is imperative that data is actually comparable. 


As an example, economic data is stated in the same price level and value added taxes (VAT) or other taxes are 
 excluded. The reason for this is that the technology catalogue should reflect the socio-economic cost for the 
 Indonesian society. In this context taxes do not represent an actual cost but rather a transfer of capital between 
 Indonesian stakeholders, the project developer and the government. Also, it is essential that data be given for the 
 same years. Year 2020 is the base for the present status of the technologies, i.e. best available technology at the 
 point of commissioning. 


All costs are stated in U.S. dollars (USD), price year 2016. When converting costs from a year X to USD2016 



(9)2. Then convert from USD in year X to USD in 2016 using the relationship between the US Producer Price 
 Index for “Engine, Turbine, and Power Transmission Equipment Manufacturing” of year X and 2016 (second 
 table below).  


The yearly average exchange rate between IDR and USD (source: MEMR, 2017, Handbook of energy & 


economic statistics of Indonesia) 


Year  IDR to USD 


2007  9,419 


2008  10,950 


2009  9,400 


2010  8,991 


2011  9,068 


2012  9,670 


2013  12,189 


2014  12,440 


2015  13,795 


2016  13,436 


US Producer Price Index for “Engine, Turbine, and Power Transmission Equipment Manufacturing”. This 
 industry comprises establishments primarily engaged in manufacturing turbines, power transmission equipment, 


and internal combustion engines (except automotive gasoline and aircraft), “North American Industry 
 Classification System, United States, 2017” p. 258 and US Bureau of Labor Statistics, Series Id:  


PCU333611333611) 


Year  Producer Price 
 Index 


2007  168,9 


2008  188,6 


2009  209,9 


2010  210,4 


2011  212,5 


2012  211,1 


2013  215,0 


2014  220,6 


2015  221,1 


2016  220,6 


The construction time, which is also specified in the data sheet, represents the time between the financial when 
closure is achieved, i.e. when financing is secured, and all permits are at hand, and the point of commissioning. 



(10)Below is a typical datasheet, containing all parameters used to describe the specific technologies. The datasheet 
 consists of a generic part, which is identical for groups of similar technologies (thermal power plants, non-
 thermal power plants and heat generation technologies) and a technology specific part, containing information, 
 which is only relevant for the specific technology. The generic technology part is made to allow for an easy 
 comparison of technologies.  


Each cell in the data sheet should only contain one number, which is the central estimate for the specific 
 technology, i.e. no range indications. Uncertainties related to the figures should be stated in the columns called 
 uncertainty. To keep the data sheet simple, the level of uncertainty is only specified for years 2020 and 2050.  


The level of uncertainty is illustrated by providing a lower and higher bound indicating a confidence interval of 
 90%. The uncertainty it related to the ‘market standard’ technology; in other words, the uncertainty interval does 
 not represent the product range (for example a product with lower efficiency at a lower price or vice versa). For 
 certain technologies, the catalogue covers a product range, this is for example the case for coal power, where 
 both sub-critical, super-critical and ultra-super critical power plants are represented. The reason is, that for coal 
 power it is not obvious, which type of product is the market standard in Indonesia.  


The level of uncertainty needs only to be stated for the most critical figures such as for example investment costs 
 and efficiencies.  


All data in the datasheets are referenced by a number in the utmost right column (Ref), referring to sources 
 specified below the table.  


Before using the data, please note that essential information may be found in the notes below the table. 


The generic parts of the datasheets for thermal power plants, non-thermal power plants and heat generation 
technologies are presented below: 
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Energy/technical data 


Generating capacity  


The capacity is stated for both a single ‘engine’, e.g. a single wind turbine or gas engine, and for the total power 
 plant, for example a wind farm or gas fired power plant consisting of multiple gas engines. The sizes of 


‘engines’ and the total power plant should represent typical power plants. Factors for scaling data in the 
 catalogue to other plant sizes than those stated are presented later in this methodology section. 


Technology


2020 2030 2050 Note Ref


Energy/technical data Lower Upper Lower Upper


Generating capacity for one unit (M We)
 Generating capacity for total power plant (M We)
 Electricity efficiency, net (%), name plate
 Electricity efficiency, net (%), annual average
 Forced outage (%)


Planned outage (weeks per year)
 Technical lifetime (years)
 Construction time (years)
 Space requirement (1000 m2/M We)
 Additional data for non thermal plants
 Capacity factor (%), theoretical


Capacity factor (%), incl. outages
 Ramping configurations
 Ramping (% per minute)
 M inimum load (% of full load)
 Warm start-up time (hours)
 Cold start-up time (hours)
 Environment
 PM 2.5 (g per GJ fuel)
 SO2 (degree of desulphuring, %) 
 NOX (g per GJ fuel) 
 CH4 (g per GJ fuel)
 N2O (g per GJ fuel)


Financial data       
 Nominal investment (M $/M We) 
  - of which equipment
  - of which installation
 Fixed O&M  ($/M We/year)
 Variable O&M  ($/M Wh) 
 Start-up costs ($/M We/start-up)
 Technology specific data


References:


1
 2
 Notes: 


A
 B


Name of technology


Uncertainty (2020) Uncertainty (2050)



(12)The capacity is given as net generation capacity in continuous operation, i.e. gross capacity (output from 
 generator) minus own consumption (house load), equal to capacity delivered to the grid. 


The unit MW is used for electric generation capacity, whereas the unit MJ/s is used for fuel consumption. 


This describes the relevant product range in capacity (MW), for example 200-1000 MW for a new coal-fired 
 power plant. It should be stressed that data in the sheet is based on the typical capacity, for example 600 MW for 
 a coal-fired power plant. When deviations from the typical capacity are made, economy of scale effects need to 
 be considered (see the section about investment cost). 


Energy efficiencies 


Efficiencies for all thermal plants are expressed in percentage at lower calorific heat value (lower heating value 
 or net heating value) at ambient conditions in Indonesia, considering an average air temperature of 


approximately 28 °C. 


The electric efficiency of thermal power plants equals the total delivery of electricity to the grid divided by the 
 fuel consumption. Two efficiencies are stated: the nameplate efficiency as stated by the supplier and the 
 expected typical annual efficiency.  


Often, the electricity efficiency is decreasing slightly during the operating life of a thermal power plant. This 
 degradation is not reflected in the stated data. As a rule of thumb, you may deduct 2.5 – 3.5% points during the 
 lifetime (e.g. from 40% to 37%).  


Forced and planned outage 


Forced outage is defined as number of weighted forced outage hours divided by the sum of forced outage hours 
 and operation hours. The weighted forced outage hours are the hours caused by unplanned outages, weighted 
 according to how much capacity was out. 


Forced outage is given in per cent, while planned outage (for example due to renovations) is given in weeks per 
 year. 


Technical lifetime  


The technical lifetime is the expected time for which an energy plant can be operated within, or acceptably close 
 to, its original performance specifications, provided that normal operation and maintenance takes place. During 
 this lifetime, some performance parameters may degrade gradually but still stay within acceptable limits. For 
 instance, power plant efficiencies often decrease slightly (few percent) over the years, and operation and 
 maintenance costs increase due to wear and degradation of components and systems. At the end of the technical 
 lifetime, the frequency of unforeseen operational problems and risk of breakdowns is expected to lead to 
 unacceptably low availability and/or high operations and maintenance costs. At this time, the plant would be 
 decommissioned or undergo a lifetime extension, implying a major renovation of components and systems as 
 required to make the plant suitable for a new period of continued operation. 


The technical lifetime stated in this catalogue is a theoretical value inherent to each technology, based on 
experience. In real life, specific plants of similar technology may operate for shorter or longer times. The 
strategy for operation and maintenance, e.g. the number of operation hours, start-ups, and the reinvestments 



(13)Construction time 


Time from final investment decision (FID) until commissioning completed (start of commercial operation), 
 expressed in years. 


Space requirement 


If relevant, space requirement is specified (1000 m2 per MW). The space requirements may among other things 
 be used to calculate the rent of land, which is not included in the financial since the cost item depends on the 
 specific location of the plant. 


Average annual capacity 


For non-thermal power generation technologies, a typical average annual capacity factor is presented. The 
 average annual capacity factor represents the average annual net generation divided by the theoretical annual net 
 generation, if the plant were operating at full capacity all year round. The equivalent full-load hours per year is 
 determined by multiplying the capacity factor by 8760 hours, the total number of hours in a year. 


The capacity factor for technologies like solar, wind and hydropower is very site specific. In these cases, the 
 typical capacity factor is supplemented with additional information, for example maps or tables, explaining how 
 the capacity will vary depending on the geographic location of the power plant. This information is normally 
 integrated in the brief technology description.  


The theoretical capacity factor represents the production realised, assuming no planned or forced outages. The 
 realised full-loads considers planned and forced outage. 



Ramping configuration  


The electricity ramping configuration of the technologies is described by five parameters: 


A.  Ramping (% per minute) 


B.  Minimum load (per cent of full load). 


C.  Warm start up time, (hours)  
 D.  Cold, start-up time, (hours) 


For several technologies, these parameters are not relevant, e.g. if the technology can ramp to full load instantly 
 in on/off-mode. 


Parameter A are spinning reserves; i.e. the ability to ramp up and down when the technology is already in 
 operation. 


Parameter B is the minimum load from which the boiler can operate.  


Parameter C, the warm start-up time, used for boiler technologies, is defined as the time for starting, from a 
 starting point where the water temperature in the evaporator is above 100oC, which means that the boiler is 
 pressurized. 


Parameter D. The cold start-up time used for boiler technologies is defined as the time it takes to reach operating 
 temperature and pressure and start production from a state were the boiler is at ambient temperature and 


pressure. 
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Environment


The plants should be designed to comply with the regulation that is currently in place in Indonesia and planned 
 to be implemented within the 2020 time horizon.  


CO2 emission values are not stated, but these may be calculated by the reader of the catalogue by combining fuel 
 data with technology efficiency data. 


Where relevant, for example for gas turbines, emissions of methane (CH4) and Nitrous oxide (N2O), which are 
 both potent greenhouse gas, should be stated in grams per GJ fuel. 


Emissions of particulate matter are expressed as PM 2.5 in gram per GJ fuel.  


SOx emissions are calculated based on the following sulphur contents of fuels: 


   Coal  Fuel oil  Gas oil  Natural gas  Wood  Waste  Biogas 


Sulphur (kg/GJ)  0.35  0.25  0.07  0.00  0.00  0.27  0.00 


The Sulphur content can vary for difference kinds of coal products. The Sulphur content of coal is calculated 
 from a maximum sulphur weight content of 0.8%. From Rich Coal Indonesia 


(http://www.richcoalindonesia.com/?page=specifications). 


For technologies, where desulphurization equipment is employed (typically large power plants), the degree of 
 desulphurization is stated in percentage terms. 


NOx emissions equals NO2 + NO, where NO is converted to NO2 in weight-equivalents. NOx emissions are also 
 stated in grams per GJ fuel. 



Financial data 


Financial data are all in USD fixed prices, price-level 2016 and exclude value added taxes (VAT) or other taxes.  


For projection of future financial costs there are three overall approaches; Engineering bottom-up, Delphi-survey, 
 and Learning curves. This catalogue uses the learning curve approach. The reason is, that this method has proved 
 historically robust and that it is possible to estimate learning rates for most technologies. Ea Energy Analyses have 
 prepared a separate note, “Forecasting cost of electricity production technologies”, on the approach used in this 
 catalogue, which is attached in appendix.  


Investment costs 


The investment cost or initial cost is often reported on a normalized basis, e.g. cost per MW. The nominal cost is 
 the total investment cost divided by the net generating capacity, i.e. the capacity as seen from the grid.  


If possible, the investment cost is divided into equipment cost and installation cost. Equipment cost covers the 



(15)Different organizations employ different systems of accounts to specify the elements of an investment cost 
 estimate. Since there is no universally employed nomenclature, investment costs do not always include the same 
 items. Actually, most reference documents do not state the exact cost elements, thus introducing an unavoidable 
 uncertainty that affects the validity of cost comparisons. Also, many studies fail to report the year (price level) of 
 a cost estimate. 


In this report, the intension is that investment cost shall include all physical equipment, typically called the 
 engineering, procurement and construction (EPC) price or the overnight cost. Connection costs are included, but 
 reinforcements are not included. It is here an assumption that the connection to the grid is within a reasonable 
 distance.  


The rent or buying of land is not included, but may be assessed based on the space requirements specified under 
 the energy/technical data. The reason for the land not being directly included, is that land, for the most part, do 
 not lose its value. It can therefore be sold again after the power plant has fulfilled its purpose and been 


decommissioned.  


The owners’ predevelopment costs (administration, consultancy, project management, site preparation, and 
 approvals by authorities) and interest during construction are not included. The cost to dismantle 


decommissioned plants is also not included. Decommissioning costs may be offset by the residual value of the 
 assets. 


Cost of grid expansion 


As mentioned the costs of grid connection is included, however possible costs of grid expansion from adding a 
 new electricity generator to the grid are not included in the presented data.  


Business cycles 


Costs of energy equipment surged dramatically in 2007-2008. The trend was general and global. One example is 
 combined cycle gas turbines (CCGT): “After a decade of cycling between $400 and $600 a kW installed EPC 
 prices for CCGT increased sharply in 2007 and 2008 to peak at around $1250/kW in Q3:2008. This peak 
 reflected tender prices: no actual transactions were done at these prices.” (Global CCS Institute). Such 


unprecedented variations obviously make it difficult to benchmark data from the recent years, but a catalogue as 
 the present cannot be produced without using a number of different sources from different years. The reader is 
 urged to bear this in mind, when comparing the costs of different technologies.   


Economy of scale 


The per unit cost of larger power plants are usually less than that of smaller plants. This is called the ‘economy 
 of scale’. The proportionality was examined in some detail in the article “Economy of Scale in Power Plants” in 
 the August 1977 issue of Power Engineering Magazine (p. 51). The basic equation is: 


𝐶1


𝐶2 
=   (
𝑃1

𝑃2
)
𝑎  
   

Where:   C1 = Investment cost of plant 1 (e.g. in million US$) 
 C2  = Investment cost of plant 2 


P1  = Power generation capacity of plant 1 (e.g. in MW) 
 P2  = Power generation capacity of plant 2 


a    = Proportionality factor 



(16)For many years, the proportionality factor averaged about 0.6, but extended project schedules may cause the 
 factor to increase. However, used with caution, this rule may be applied to convert data in this catalogue to other 
 plant sizes than those stated. It is important that the plants are essentially identical in construction technique, 
 design, and time frame and that the only significant difference is size. 


For very large-scale plants, like large coal power plants, we may have reached a practical limit, since very few 
 investors are willing to add increments of 1000 MW or above. Instead, by building multiple unit at the same spot 
 can provide sufficient savings through allowing sharing of balance of plant equipment and support infrastructure. 


Typically, about 15% savings in investment cost per MW can be achieved for gas combined cycle and big steam 
 power plant from a twin unit arrangement versus a single unit (“Projected Costs of Generating Electricity”, IEA, 
 2010). The financial data in this catalogue are all for single unit plants (except for wind farms and solar PV), so 
 one may deduct 15% from the investment costs, if very large plants are being considered. 


Unless otherwise stated the reader of the catalogue may apply a proportionality factor of 0.6 to determine the 
 investment cost of plants of higher or lower capacity than the typical capacity specified for the technology. For 
 each technology, the relevant product range (capacity) is specified. 


Operation and maintenance (O&M) costs. 


The fixed share of O&M is calculated as cost per generating capacity per year ($/MW/year), where the 
 generating capacity is the one defined at the beginning of this chapter and stated in the tables. It includes all 
 costs, which are independent of how many hours the plant is operated, e.g. administration, operational staff, 
 payments for O&M service agreements, network or system charges, property tax, and insurance. Any necessary 
 reinvestments to keep the plant operating within the technical lifetime are also included, whereas reinvestments 
 to extend the life beyond the technical life time are excluded. Reinvestments are discounted at 4% annual 
 discount rate in real terms. The cost of reinvestments to extend the lifetime of the plants may be mentioned in a 
 note if data is available.  


The variable O&M costs ($/MWh) include consumption of auxiliary materials (water, lubricants, fuel additives), 
 treatment and disposal of residuals, spare parts and output related repair and maintenance (however not costs 
 covered by guarantees and insurances). Planned and unplanned maintenance costs may fall under fixed costs 
 (e.g. scheduled yearly maintenance works) or variable costs (e.g. works depending on actual operating time), and 
 are split accordingly. 


Fuel costs are not included. 


It should be noticed that O&M costs often develop over time. The stated O&M costs are therefore average costs 
during the entire lifetime. 
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SUMMARY OF KEY TECHNOLOGY DATA 


Technology Year Plant size Investment Fixed O&M Var. O&M Electr. efficiency Capacity factor


MWe M$/MWe $/MWe/year $/MWh % (only non-dispatc.)


Geothermal - small 2020 10 4.50 20,000 0.37 10 80


2030 10 4.20 18,500 0.34 11 80


2050 10 3.80 16,900 0.31 12 80


Geothermal - large 2020 55 3.50 18,000 0.25 15 80


2030 55 3.20 16,700 0.23 16 80


2050 55 2.90 15,200 0.21 17 80


Hydro - mini 2020 5 2.60 53,000 0.50 - 80


2030 5 2.60 50,400 0.48 - 80


2050 5 2.60 47,200 0.45 - 80


Hydro - medium 2020 50 2.20 41,900 0.50 - 80


2030 50 2.20 39,800 0.48 - 80


2050 50 2.20 37,300 0.45 - 80


Hydro - large 2020 150 2.00 37,700 0.65 - 40


2030 150 2.00 35,800 0.62 - 40


2050 150 2.00 33,600 0.58 - 40


Solar PV - large 2020 10 0.83 15,000 - - 20


2030 10 0.61 12,500 - - 20


2050 10 0.45 10,500 - - 21


Wind - small onshore 2020 0.85 4.00 73,200 - - 34


2030 0.90 3.48 63,700 - - 35


2050 0.95 2.96 54,200 - - 37


Wind - large onshore 2020 3.5 1.50 60,000 - - 34


2030 4.0 1.31 5,200 - - 35


2050 5.0 1.11 44,400 - - 37


Wind - offshore 2020 8 3.50 72,600 - - 48


2030 10 3.05 64,700 - - 49


2050 12 3.59 55,000 - - 50


Coal - sub crit. 2020 150 1.65 45,250 0.13 34 -


2030 150 1.60 43,900 0.12 35 -


2050 150 1.55 42,500 0.12 36 -


Coal - super crit. 2020 600 1.40 41,200 0.12 37 -


2030 600 1.36 39,900 0.12 38 -


2050 600 1.32 38,700 0.11 39 -


Coal - ultra-super crit. 2020 1000 1.52 56,600 0.11 42 -


2030 1000 1.48 54,900 0.11 43 -


2050 1000 1.43 53,200 0.10 44 -


Biomass - small 2020 25 1.70 47,600 3.00 31 -


2030 25 1.60 43,800 2.80 31 -


2050 25 1.40 37,100 2.40 31 -


Waste - incineration 2020 22 8.70 243,700 24.10 28 -


2030 22 8.10 224,800 23.40 29 -


2050 22 7.20 193,500 22.60 29 -


Waste - landfill gas 2020 1 2.50 125,000 3.00 34 -


2030 1 2.50 125,000 3.00 34 -


2050 1 2.50 125,000 3.00 34 -


Biogas - small 2020 1 2.80 97,000 0.11 34 -


2030 1 2.60 89,200 0.10 34 -


2050 1 2.20 77,600 0.10 34 -


Power generation technologies



(18)Gas - SCGT 2020 50 0.77 23,200 0.11 34 -


2030 50 0.73 22,500 0.10 36 -


2050 50 0.68 21,800 0.10 40 -


Gas - CCGT 2020 600 0.75 23,200 0.13 56 -


2030 600 0.71 22,500 0.13 59 -


2050 600 0.66 21,800 0.12 60 -


Diesel - engine 2020 20 0.80 8,000 6.40 46 -


2030 20 0.80 8,000 6.00 47 -


2050 20 0.78 7,800 5.80 48 -


Technology Year Plant size Investment Fixed O&M Var. O&M Electr. efficiency Capacity factor


MWe M$/MWh $/MWh/year $/MWh % (only non-dispatc.)


Storage - pump. hydro 2020 250 0.02 200 1.30 80 -


2030 250 0.02 200 1.30 80 -


2050 250 0.02 200 1.30 80 -


Storage - Li-ion battery 2020 10 0.25 7,000 - 88 -


2030 10 0.14 7,000 - 88 -


2050 10 0.13 7,000 - 88 -


Power storage technologies
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1.  GEOTHERMAL POWER PLANT 


Brief technology description 


Geothermal resources in Indonesia are mainly classified as hydrothermal geothermal systems with high 
 temperatures (> 225°C). Only a few of the resources have lower temperatures (125-225°C). Compared to oil 
 reservoir temperatures, geothermal reservoir temperatures are relatively higher. It could reach 350°C.  Based on 
 its reservoir temperatures, Hochstein (1990) divided geothermal systems into three systems as the following (ref. 


1): 


1.  Low temperature geothermal system 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. 



(20)Direct and single flashed steam plants (ref. 7) 


Double flashed and binary steam plants (ref. 7) 



(21)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. This makes sense because Indonesia has more than 119 volcanoes along the ring of fire. 


Distribution of geothermal in Indonesia 
 Geothermal resources and reserves potential (As of January 2016) 


No  Islands  Resources (MW)  Reserves (MW)  Total 


(MW) 
 Speculative  Hypothetic  Probable  Possible  Proven 


1  Sumatera  3,191  2,334  6,992  15  380  12,912 


2  Jawa  1,560  1,739  4,023  658  1,815  9,795 


3  Bali & Nusa Tenggara  295  431  1,179  0  15  1,920 


4  Kalimantan  153  30  0  0  0  183 


5  Sulawesi  1,221  318  1,441  150  78  3,208 


6  Maluku  560  91  800  0  0  1,451 


7  Papua  75  0  0  0  0  75 


Total  7,055  4,943  14,435  823  2,288  29,544 


Input 


Heat from brine (saline water) from underground reservoirs. 


Output 


Electricity and Heat. 


Typical capacities 
2.5-110 MW per unit. 



(22)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 environmental friendly technology with low CO2 emission. 


•  High operation stability and long lifetime. 


• 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 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 
 Sulfide (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 colorless, 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 sulfide in humans can range 
 from 0.0005 to 0.3 ppm. 


CO2 and H2S are the dominant chemical compounds in geothermal steam, thus this catalog delivers data of CO2


and H2S emission from geothermal power plants in Indonesia  


NCG concentrations from each geothermal field are different. NCG emissions from Wayang Windu field would 
be 1.1%, and emissions from Kamojang field are 0.98%. Both of the fields produce dry steam. Ulubelu (two-



(23)The table below shows the emissions concentrations of CO2 and H2S from three commissioned geothermal 
 power plants in Indonesia. From the table, emissions of CO2 range from 42 to 73 g/kWh with an average value 
 of 62.90 g/kWh. For H2S, the values range between 0.14 to 2.54 g/kWh with an average value of 1.45 g/kWh 
 (ref. 3). 


Power plant  Capacity (MWe)*  Emission (g/kWh) 


CO2 H2S 


Wayang Windu  227  73.48  2.54 


Kamojang  235  72.57  0.14 


Ulubelu  165  42.64  1.68 


Average:  62.90  1.45 


CO2 and H2S emission from geothermal power plant in Indonesia. *Total capacity in 2016 
 Employment  


During construction, the development of 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. Due to technical problems, the commissioning for demonstration of a binary cycle power plant has not yet 
 be conducted. Commissioning will be conducted in mid-September 2017. 


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 



(24)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%. 


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


Examples of current projects 


Sarulla Geothermal Project (3 x 110 MWe) is a core part of the Indonesian government’s electricity development 
 program (the Fast Track Program II) and a private-sector financed geothermal project to successfully conclude 
 power purchase arrangements under that program. The first 110 MW unit of the Sarulla geothermal power plant 
 has started commercial operation in 2016. The other two units are scheduled for operation in 2017 and 2018 
 respectively (ref. 9). The Project will be fueled by steam and brine from two production and injection facilities at 
 Silangkitang and Namora-I-Langit reservoirs. The plants of the Project will apply Geothermal Combined Cycle 
 Units which are more efficient than conventional flash type geothermal power plants. The plants will capture the 
 steam and brine from the wells and produce energy throughout the day and is intended for base load operation. 


The condensate steam and the brine water will be re-injected underground via wells to maintain sustainable 
 geothermal resources. 


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. 



(25)Geothermal plant efficiency as a function of temperature and enthalpy (ref. 5) 


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 
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product with lower efficiency do not have the lower price or vice versa. 



(27)Technology


2020 2030 2050 Note Ref


Energy/technical data Lower Upper Lower Upper


Generating capacity for one unit (M We) 10 10 10 0.3 20 0.3 20 1,8


Generating capacity for total power plant (M We) 20 20 20 5 30 5 30 1


Electricity efficiency, net (%), name plate 10 11 12 6 12 8 14 A 5


Electricity efficiency, net (%), annual average 10 11 12 6 12 8 14 A 5


Forced outage (%) 10 10 10 5 30 5 30 1


Planned outage (weeks per year) 4 4 4 2 6 2 6 1


Technical lifetime (years) 30 30 30 20 50 20 50 1


Construction time (years) 2.0 2.0 2.0 1,5 3 1,5 3 1


Space requirement (1000 m2/M We) 30 31 32 20 40 20 40 1


Additional data for non thermal plants


Capacity factor (%), theoretical 90 90 90 70 100 70 100 1


Capacity factor (%), incl. outages 80 80 80 70 100 70 100 1


Ramping configurations
 Ramping (% per minute)
 M inimum load (% of full load)
 Warm start-up time (hours)
 Cold start-up time (hours)
 Environment


PM  2.5 (gram per Nm3) - - - - - - - B 6


SO2 (degree of desulphuring, %)  - - - - - - - B 6


NOX (g per GJ fuel)  - - - - - - - B 6


CH4 (g per GJ fuel) - - - - - - - B 6


N2O (g per GJ fuel) - - - - - - - B 6


Financial data       


Nominal investment (M $/M We)  4.5 4.2 3.8 3.4 5.7 2.9 4.8 C,D,E 1,2,4,8


 - of which equipment 60% 60% 60% 40% 70% 40% 70% 3


 - of which installation 40% 40% 40% 30% 50% 30% 50% 3


Fixed O&M  ($/M We/year) 20,000 18,500 16,900 15,000 25,000 12,700 21,100 C,D 1,4


Variable O&M  ($/M Wh)  0.37 0.34 0.31 0.28 0.46 0.23 0.39 C,D 1,4


Start-up costs ($/M We/start-up) - - - - - - -


Technology specific data


Exploration costs (M $/M We) 0.15 0.15 0.15 0.10 0.20 0.10 0.20 7


Confirmation costs (M $/M We) 0.15 0.15 0.15 0.10 0.20 0.10 0.20 7


References:


1 PLN, 2017, data provided the System Planning Division at PLN


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 M oon & 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
 B
 C


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


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


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 M W. These smaller units are assumed to be binary units at medium source temperatures.


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


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


Geothermal power plant - small system (binary or condensing)
Uncertainty (2020) Uncertainty (2050)
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