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Background


2
 Indonesia and Denmark are cooperating through a Strategic Sector Cooperation which 


facilitates government-to-government collaboration in areas where Denmark has 
 decades of experience which is valuable to rapidly emerging economies. The Strategic 
 Sector Cooperation programme is embedded in the Ministry of Foreign Affairs with 
 technical support from different ministries and agencies in Denmark.


The Danish partner of the Strategic Sector Cooperation programme is the Danish 
 Energy Agency and the main partners in Indonesia are the Ministry of Energy and 
 Mineral Resources (MEMR) and the National Energy Council, who are both 


represented in the steering committee. At the same time, the Danish Energy Agency 
 also cooperates with the state-owned electricity company (PLN).


During 2016 and 2017, the Danish Energy Agency has cooperated with the Indonesian 
 counterparts in order to share Danish lessons learned from the transition into a 
 renewable energy system and identify where and how these lessons learned could be 
 useful in an Indonesian context.


Larger outputs from this cooperation are:


 Capacity building through various seminars and workshops where Danish lessons 
 are learned.


 Integration of Balmorel Power sector model in the modelling team at NEC, and 
 inputs to the ”Indonesian Energy Outlook”- 2016 and 2017.


 Development of an Indonesian Technology Catalogue on power production 
 anchored at NEC. 


 RE-Integration study report. Transfer of Danish lessons learned on RE-integration 
 into an Indonesian context. 


 Cooperation with EBTKE and IEA, in order to define an energy efficiency baseline on 
 current policies – to be used in the Indonesian EE Masterplan.


 Three study tours to Denmark on modelling, RE-Integration and EE. A total of 57 
 delegates and stakeholders visited Denmark in 2017.


As part of the Strategic Sector Cooperation programme, KPMG P/S (“KPMG” or “we”) has 
 been requested by the Embassy of Denmark to Indonesia to assist them with an analysis 
 of:


 Prefeasibility study of four Generation Technologies in the island of Lombok – i.e. (i) a 
 Biomass power plant,  (ii) a Solar PV power plant, (iii) a Wind power plant, and (iv) a 
 waste incineration power plant.


In addition, the prefeasibility study included:


 An analysis of three technologies that can support integration of fluctuating energy 
 sources, such as wind and solar. These are (i) an interconnector to Bali from Lombok, (ii) 
 a hydro-pumped storage, and (iii) a large-scale battery.


 An analysis of an off-grid PV/battery hybrid solution on the island of Medang.


The scope and execution of the work have been done in close cooperation with the 
 Embassy of Denmark to Indonesia and the Danish Energy Agency. 


Input and feedback from local stakeholders at PLN NTB, DESDM NTB, and DLHK NTB have 
 been key for the quality of this study. The local departments have been cited throughout the 
 report. 


The work was initiated on 10 September 2018 and it was finalised on 30 November 2018. 


KPMG visited and arranged meetings in Lombok and Jakarta in the period from 16 to 25 
 September (Kick-off meetings) and between 28 October and 5 November 2018 (Stakeholder 
 consultation meetings). KPMG presented the findings listed in the Final draft on 13 


December 2018 (Final presentation).


KPMG has together with the local partners been on site visits to Kebon Kongok landfill, 
 Pengga hydro power plant, PV plant at Gili Air and two rice hellers for the gathering of 
 information for the study. 


KPMG has provided working drafts on 23 October, 19 November, 22 November, 25 
November and 3 December 2018, and Final draft on 15 December. This report is the Final 
version.
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 This report is prepared solely for the use of Embassy of Denmark to Indonesia, and 


should not be used, quoted, referred to or relied upon, in whole or in part, without 
 KPMG’s prior written permission, by any third party or for any other purposes.


The primary sources of information used in preparing this report have been 
 information disclosed by the management at DESDM NTB, DLHK NTB and PLN 
 NTB. KPMG does not accept responsibility for such information which remains the 
 responsibility of the management of DESDM NTB, DLHK NTB and PLN NTB. 


Details of our principal information sources are set out in the report, and we are 
 pleased that the information presented in our report is consistent with other 
 information which was made available to us in the course of our work. We have 
 not, however, widely sought to establish the reliability of the sources by reference 
 to other evidence. 


The purpose of our study was to assess high level feasibility, not detailed 


assessment of regulation, tax or capex. It is suggested that interested developers 
 will need to carry out detailed review in conjunction with professional advisors (e.g. 


financial, legal and tax).


This engagement is not an assurance engagement conducted in accordance with 
 any generally accepted assurance standards, and consequently no assurance 
 opinion is expressed. 


In the report, we assume that the sites located for commissioning the power plants 
 can be used for just that. The sites have been located using satellite photos and 
 comparing these with maps of land cover. It has not been examined if the land 
 actually can be acquired, or if there exist unknown restrictions on the use of the 
 land. 



Important notice


Our report makes reference to ‘KPMG analysis’; this indicates only that we have (where 
 specified) undertaken certain analytical activities on the underlying data to arrive at the 
 information presented; we do not accept responsibility for the underlying data.


We have not considered events becoming known to us or occurring after the date of 
 publication of this report (11 December 2018). Therefore, events which may significantly 
 impact the findings after the date of the publication of this report are not considered. 


We accept no responsibility or liability for the findings or reports of legal and other 
 professional advisers even though we have referred to their findings and/or reports in our 
 report.


Any findings or recommendations contained within the report are based upon our reasonable 
 professional judgment based on the information that is available from the sources indicated 
 in this report. Should the project elements, external factors and assumptions change, then 
 the findings and recommendations contained in this report may no longer be appropriate. 


Accordingly, we do not confirm, underwrite or guarantee that the outcomes referred to in the 
 report will be achieved.


We do not assume responsibility for loss and expressly disclaim any liability to any party 
 whatsoever. We do not make any statement as to whether any forecasts or projections will 
 be achieved, or whether the assumptions and data underlying any such prospective financial 
 information are accurate, complete or reasonable.


We do not warrant or guarantee the achievement of any such forecasts or projections. There 
will usually be differences between forecast or projected and actual results, because events 
and circumstances frequently do not occur as expected or predicted, and those differences 
may be material.
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 KPMG has performed a prefeasibility study on the renewable projects decided together 


with the Embassy of Denmark to Indonesia and the Danish Energy Agency and 
 presented some key observations for investing in renewable power generation in 
 Lombok.


KPMG has together with the Embassy of Denmark to Indonesia and the Danish Energy 
 Agency assessed the projects on the parameters Expected tariff, Resource potential, 
 Capacity, CAPEX, and OPEX. These parameters serves as a basis for an assessment of 
 the project’s IRR.


Resource 


potential Capacity CAPEX OPEX


Expected 
 tariff


KPMG has also performed an analysis of three technologies that could ease the 


integration of wind and solar power in the power system of Lombok. These technologies 
 were chosen together with the Embassy of Denmark to Indonesia and the Danish 
 Energy Agency. The technologies were evaluated based on investment, functionality, 
 development, simplicity, social and environmental impact and whether they were fit-for-
 purpose or fit-for-future. 


Finally, KPMG has performed an analysis of the off-grid system on the island of Medang. 


The system was chosen together with the Embassy of Denmark to Indonesia and the 
 Danish Energy Agency. The analysis assesses the technical solution and possible benefit 
 of a hybrid solar PV and battery to replace the existing diesel engine. 


IRR



(5)
Glossary


5


AC Alternating Current


ADB  Asian Development Bank


BPPT Agency for the Assessment and Application of Technology
 (Badan Pengkajian dan Penerapan Teknologi)


BPS Statistics Indonesia


(Badan Pusat Statistik)


BOOT Build-Own-Operate-Transfer 


CAPEX Capital Expenses


CNG Compressed Natural Gas


COD Commercial Operations Date


DC Direct Current


DESDM NTB Local office on Energy & Mineral Resources at NTB
 (Dinas Energi Sumber Daya dan Mineral)


DLHK NTB Local office on Environment and Forestry at NTB
 (Dinas Lingkungan Hidup dan Kehutanan)


EPC Engineering, Procurement and Construction


FiT Feed-in-tariff


GJ Gigajoule


HVAC High-Voltage Alternating Current


HVDC High-Voltage Direct Current


IDR Indonesian Rupiah


IEA International Energy Agency


IPP Independent Power Producer


IRR Internal Rate of Return


JISDOR Jakarta Interbank Spot Dollar Rate


KBLI  Indonesia Standard Industrial Classification
 (Klasifikasi Baku Lapangan Usaha Indonesia)


kW Kilowatt


kWh Kilowatt-hour


MEMR  Ministry of Energy & Mineral Resources


MW Megawatt


MWh Megawatt-hour


NEC National Energy Council of Indonesia


NPV World Wildlife Fund


NTB Nusa Tenggara Barat


NTT Nusa Tenggara Timur


OPEX Operational Expenses


PLN The state-owned electricity company 
 (PT Perusahaan Listrik Negara)
 PLN NTB  PLN at Nusa Tenggara Barat


PPA  Power Purchase Agreement


PUPR  Office of Public Work


(Kementerian Pekerjaan Umum dan Perumahan Rakyat)


PV Photovoltaics


RUPTL PLN's Electricity Supply Business Plan 
 (Rencana Usaha Penyediaan Tenaga Listrik)


SNI Indonesian National Standard


(Standar Nasional Indonesia)


US¢ US Cent


USD US Dollar


WACC  Weighted Average Cost of Capital


WWF  World Wildlife Fund
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Each Generation Technology is assessed by an estimate of the project IRR  based on five parameters and evaluated by a project risk assessment
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 Resource


potential


Internal rate of return is used as the key parameter for the study 


CAPEX
 Capacity


OPEX


The resource potential represents an assessment of the resource inputs of each 
 Generation Technology based on two parameters (i) the amount of resource 
 input being available, for example tons of Biomass in Lombok and (ii) the unit 
 cost of the input resource, e.g. USD/ton for Biomass.


Expected 
 tariff


The expected tariff level represents the revenue per unit of output for each 
 Generation Technology, i.e. US¢/kWh. The expected tariff level


is assessed based on the maximum levels from the Indonesian MEMR 
 regulations. 


The capacity of each Generation Technology is determined based on an 
 assessment of available resources, grid connection, land acquisition, and 
 logistics. Based on resource availability, the capacity is used to determine the 
 amount of output – i.e. amount of MWh. 


CAPEX represents the capital investment needed for the implementation of each 
 Generation Technology up until commissioning of each plant. CAPEX is based on 
 Indonesian sources and publicly available benchmarks from comparable South 
 East Asia projects and studies.


CFn



∑
(1 + IRR)n
 0 = NPV =

n = 0
 N


CF0= Initial investment
 CF1,2,3,..= Cash flows
 n = Each period
 N = Holding period
 NPV = Net present value
 IRR = Internal rate of return
 Internal Rate of Return (IRR) is the discount rate that makes the net 
 present value (NPV) of a project zero. In other words, it is the 
 expected rate of return that will be earned on the project.


OPEX represents the yearly operation expense of each Generation Technology. 


OPEX is assessed from Indonesian sources and benchmarked with publicly 
 available information from South East Asia projects and studies.


Project risk assessment


The project internal rate of return is evaluated using a project risk 
 assessment of each Generation Technology.


The project risk is assessed on key risk parameters in terms of 
 likelihood and capital loss. It is important to note that the risks are 
 non-exhaustive in nature and do not reflect all of the risks faced in 
 developing projects in the Indonesian power sector. Interested 
 developers will need to undertake a wider risk assessment as part of 
 a more detailed feasibility study


1


2


3


4


5


A


B


The IRR refer in this study to the project IRR in USD.
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Based on the assessment of IRR and project risk, the Solar and Wind projects  are currently evaluated to be the most economically viable projects
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 Biomass 


power plant Solar 


PV plant Wind 


power plant Waste 


incineration


4-24% 7-14% 7-16% 2-15%


Risk
 IRR
 Resource 
 potential


CAPEX
 Capacity


OPEX
 Expected 


tariff 11.8 US¢/kWh 11.8 US¢/kWh 11.8 US¢/kWh 13.9 US¢/kWh


Rice husk:


300,000-400,000 ton
 11 USD/ton


Solar resource:


1600-1800 full load hours
 No cost


Wind resource:


2700-3100 full load hours
 No cost


Municipal waste:


900,000 ton


-3.3 to -33 USD/ton (gate-fee)


20 MW 20 MW 50 MW 25 MW


USD 40-60m USD 20-30m USD 75-100m USD 150-225m


USD 1.6-2.4m p.a.


(~4% of CAPEX) USD 0.4-0.6m p.a.


(~2% of CAPEX) USD 3-4m p.a.


(~4% of CAPEX)
 1


2


3


4


5


A


B Assessed to be a 


higher risk Assessed to be a 


lower risk Assessed to be a 


lower risk Assessed to be a 


medium risk


Project IRR in USD currency.


See next slide for further description on risk 


USD 7.5-11.0m p.a.


(~5% of CAPEX)
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Biomass and waste power plants could be economically viable if the risk of  fuel supply can be handled
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 Biomass 


power plant


Solar 
 PV plant


Wind 


power plant Waste 


incineration


 Overlapping activities with the 
 agriculture sector reducing 
 availability of feedstock – for 
 example not enough biomass.


 Increasing prices of husk.


 Numerous agreements with low 
 credit quality fuel suppliers is 
 required. Fuel supply relies on 
 30-40 bilateral agreements.


 The lack of biomass supply might 
 come after commissioning, 
 hence risk of high capital loss..


 High capital loss if the bilateral 
 agreements are not fulfilled after 
 commissioning.


A
 B


Elaboration on largest 
 project risks


IRR
 Risk


Based on our observations in this report, we have assembled an overview of the most important considerations for future 
 feasibility studies related to renewable energy solutions in Lombok:


 Further review and mature policies on renewable energy solutions in Lombok


 Carry out a feasibility study based on this prefeasibility study on all four Generation Technologies


 Carry out an investor interest analysis to understand investor’s interest and concerns 


 Review and mitigate current risks within each Generation Technology.


Considerations for future feasibility studies  


 A sustainable gate-fee will need 
 to be negotiated with the local 
 government


 Failure to negotiate a gate fee 
 before construction will result in 
 low capital loss.


 However, if the government 
 renegotiates the gate-fee after 
 commissioning, then the capital 
 loss can be substantial.


 Availability and strength of 
 guarantees will be important
 Assessed to be a 


considerable high risk Assessed to be a 


low risk Assessed to be a 


low risk


Assessed to be a 
 medium risk


4-24% 7-14% 7-16% 2-15%


 Challenges with integrating too 
 much fluctuating power 
 generation. 


 However, if a PPA can not be 
 agreed upon, it would happen 
 before construction, so capital 
 loss is limited.


 Challenges with integrating too 
 much fluctuating power 
 generation. 


 However, if a PPA can not be 
 agreed upon, it would happen 
 before construction, so capital 
 loss is limited.


 The wind turbines are 150 m 
 high, and have a visual impact 
 that might lead to local protest –
 for example from hotels. 


 Since the tourist sector is 
 important to Lombok’s GDP, this 
 could block the project.


Project IRR in USD currency.
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Lombok is an isolated island using diesel for power generation,  which results in a power price above the Indonesian average


Introduction to the power system of Lombok
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Lombok


Lombok: Indonesia is an archipelago nation consisting of approximately 17,000 different islands. 


Lombok is a medium-sized island located east of the islands of Java and Bali in the province of West 
 Nusa Tenggara of central southern Indonesia.


Population: Although Indonesia is the fourth most populous country in the world, the population of 
 Lombok only makes up a small proportion of 3.35 million. The population is expected to grow to around 4 
 million by 2030. The majority of Lombok’s population is located in the South, East and West of the main 
 island and around the coastal areas. The centre of the northern part of the island is dominated by the 
 volcano Rinjani. 


Power prices: Lombok does not have significant fossil fuel resources and does not have a connection to 
 any of the other major grids in Indonesia. The combination of lack of fossil fuel resources, dependency of 
 diesel for power generation and low economies of scale results in power prices in Lombok at 13.9 
 US¢/kWh, which are considerably higher than the national average of 7.7 US¢/kWh.  


Java


Philippines


Australia
 Bali


Sulawesi Papua


Average power generation cost per Province* (US¢/kWh)


3


0 1 2 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18


Sumatra North


13.9
 Aceh


Sulawesi
 Lombok
 JavaBali
 Sumatra


Kalimantan South/Central
 Papua


Kalimantan West
 Nusa Tenggara East


Source: RUPTL 2018-2027; BPS; KPMG analysis. 


Population: 3.35m


*Selected Province. Lombok is part of the NTB province. Some provinces are combined if they are part of the same system.
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Expansion of the grid will strengthen the grid and improve  integration of new and renewable power capacity 


Current generation capacity: The majority of existing generators in Lombok are located around Mataram
 on the West coast where they connect to the main Lombok grid. These sources include a mixture of coal 
 and diesel plants. There are diesel/gas hybrids in the southwest and one is being constructed at Mataram, 
 but the supply of CNG has not yet been established to either of them – therefore they currently operate on 
 diesel. The only other major generation asset currently in operation is a 50 MW coal plant located in the 
 northeast of the island. However, new solar photovoltaic (PV) plants are being developed close to the 
 transmission backbone that runs from the south to the northeast of the island. 


The installed capacity cannot cover the 260 MW peak, so the utility company PLN is renting peak load 
 capacity from the local industry – total 78 MW diesel engines.


Power grid: The main (high voltage) Lombok grid follows the population pattern and runs from Mataram, 
 the largest city on the island and largest load centre on the Western coast across the south of the island and 
 up toward the East coast. Beyond the 150 kV transmission grid, there is also the distribution network which 
 operates at 20 kV. It is estimated that the electrification of Lombok covers 85% of the population with the 
 main unconnected population being located in the north. There are additional smaller populated islands not 
 connected to the grid. The Gili islands off the West coast are connected to the grid with a 20 kV line. 


PLN is currently developing the transmission and distribution grid around the north of the island (COD 2020). 


This expansion is expected to strengthen the grid significantly, increase the islands level of electrification 
 and subsequently increase demand. 


Source: RUPTL 2018-2027


100 61 78


Diesel Hydro


(distribution)


11 300


50


Coal Gas/Diesel Industrial engines


(rental diesel)


Coal 50 MW


Diesel/Gas 50 MW


Diesel 
 55 MW
 Diesel 
 10 MW
 Coal 25 MW


(under construction)


Diesel/Gas 
 150 MW


(under construction)


Substation


150 kV transmission line
 Under construction


Installed capacity 2018 (MW)


Mataram
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PV 5 MW


(under construction)


PV 5 MW


(under construction)


PV 5 MW


(under construction)


PV 5 MW


(under construction)


Grid and power 
 generation


Coal 
50 MW
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Rising demand may provide opportunities for new renewables if  they can be shown to be financially and technically feasible


Peak Demand:From a current peak demand of approximately 260 MW, the 
 2018-2027 RUPTL (PLN’s annual statement of planning for the Indonesian 
 power sector) predicts that Lombok System’s peak demand will grow at 
 7.6% per year, reaching above 500 MW by 2027.


Expanding power generation capacity:The RUPTL also includes PLN’s 
 current plans for capacity expansion for each grid. Within Lombok, PLN is 
 expecting that new gas-fired capacity will be developed by 2019, but the 
 supply of gas is still uncertain, so these might run on diesel in the first 
 years.


Although the RUPTL plans for expansions in coal-fired capacity, there may 
 be space for new renewables to enter the system to meet demand growth 
 if it can demonstrated that they are technically and financially feasible.
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Source: : RUPTL 2018-2027


Projected electricity demand in Lombok (GWh)


Total planned installed capacity and peak load (MW)
 2,000


1,000
 500
 3,000


0
 1,500
 2,500
 3,500


2024
 2020


1630


2022


2018 2019 2021 2023 2025 2026


3150


2027


0
 100
 200
 300
 400
 500
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 700


2025
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Rental diesel


Diesel
 Gas/Diesel
 Solar


Hydro Coal Peak load
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Available renewables in Lombok include Biomass, Solar and Wind,  and in addition, Lombok has a challenge with waste treatment


14
 Resources in Lombok: Lombok has a number of available renewable energy sources, including the 


sources which have been chosen in this analysis; biomass, wind and solar. Additionally, Lombok faces an 
 island-wide environmental challenge in terms of waste handling. 


Biomass: Biomass potential in Lombok is high, although sources are relatively spread out. Biomass 
 potential is typically found in the form of rice husk, a by-product from milling rice paddy into rice. The risk 
 husk is estimated to yield sufficient energy to support a power capacity of 60-65 MW. Biomass potential 
 is primarily located in East, Central and West Lombok.


Solar: There is high solar potential in Lombok. Hours of sunshine on Lombok is higher than on many 
 other Indonesian islands. The average daily solar energy received on Lombok varies from 3.3 to 5.6 
 kWh/m2, and is being highest on the South and East coast.


Wind: Average wind speeds on Lombok are low. However, a limited number of sites in the Southern 
 region have an average wind speed of 6 to 7 m/s.


Waste: Lombok faces a huge environmental challenge associated with the handling of waste. Each year, 
 an estimated 900,000 tons of waste is generated by industry and households. Out of this, roughly 
 200,000 tons is collected and transported to one of the four landfills in Lombok. The remaining waste 
 ends up in the ocean, on beaches, in forests or is being burned. 


Waste area


Biomass area


Wind area
 Solar area


Location of renewable potential


Source: PLN NTB; DESDM NTB; DLHK; NTB  Local office of Agriculture; ESMAP SolarGIS; World Bank Group; Local rice hellers; WindProspect; KPMG analysis
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Rice fields and agriculture land is assessed to be acquirable for  development of the Generation Technologies


Source: DEA; NEC technology catalogue; DESDM; GlobalForestWatch; KPMG analysis.


Settlements: The population in Lombok is concentrated in the western and central part of the island, 
 especially in the provincial capital, Mataram, and two larger cities Praya and Sakra. Lombok is governed 
 by the Governor of West Nusa Tenggara and has five districts Mataram, West Lombok, Central 


Lombok, East Lombok, and North Lombok. At the South coast, a special economic zone has been 
 established to attract the tourist industry. 


Agriculture: The majority of the land cover in Lombok is used for agriculture purposes (mostly rice 
 fields). Agriculture is Lombok’s main industry and main contributor to GDP. It is assumed that rice fields 
 and other agriculture land can be acquired for power plant development. 


Protected land:Lombok has areas of protected forest in the north on the volcano Rinjani, as well as at 
 the southern coast, which require special permits from the Minister of Environment & Forestry (MOEF) 
 to develop. Sites in non-protected areas are therefore considered to be preferable. 


Land cover and regions 
 in Lombok


Settlements
 Bush/Scrub
 Dryland agriculture
 Mixed dryland farm


Primary dryland forest
 Secondary dryland forest
 Savannah


Rice fields


Estate crop plantation
 Fish ponds


Plantation forest
 Bodies of water
 Mataram


Praya Sakra


Rinjani


Biomass 
 power plant


Solar 
 PV plant


Wind 
 power plant


Waste 
 incineration
 Land requirement


0.11-0.15 ha/MW


0.7-1.5 ha/MW 


1.0-1.5 ha/MW 


0.15-0.20 ha/MW 


Special Economic Zone
 West 


Lombok


Central 
 Lombok


East 
 Lombok
 North


Lombok
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The delivery of equipment for the projects is assessed to be  technically feasible; however, the cost of logistics may be high
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Lembar port


Labuhan port
 Labuhan port


Lembar port


Ports: For Lombok specifically, port facilities are limited to Lembar port and 


Labuhan port. The development of previous coal and diesel plant means that import 
 of waste incinerators, biomass boilers and turbines should be feasible. Depth of 
 port facilities for the import of wind turbines may need to be investigated.


Roads: Road networks around the island exist and should be sufficient to transport 
 equipment to most locations. Although developments close to ports are more likely 
 to encounter fewer issues.


Delivery of equipment: Given that previous power plants have been successfully 
 constructed, delivery of equipment to Lombok should be feasible -although costs 
 could be high. For each of the projects, an assessment of the additional cost of 
 logistics will be needed as part of a detailed feasibility study.


Source: Martin Bencher Group; PwC; Business Monitor International; The World Bank; KPMG analysis 


Roads and larger ports
 Logistical challenges: The logistics sector in Indonesia is generally considered to require 


further development, which implies risks associated with the import of necessary equipment 
 for the projects. As an archipelago nation, logistical supply chains in Indonesia tend to be long 
 and fragmented, and vessels are often relatively empty on return voyages creating higher 
 costs of shipment. Additionally, poor dredging and a lack of deep water ports can create a 
 challenge for entering ports with heavy cargo. 


The World Bank highlights that it costs more to ship a container of Chinese mandarin oranges 
 from Shanghai to Jakarta than to send similar freight from Jakarta to Padang in West Sumatra, 
 despite the distance between the former cities being six times further than the latter. 


Although this is not directly comparable to the development of a power project, it highlights 
the high costs of logistics in Indonesia.  
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Technologies
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Risk
 IRR
 Resource 
 potential


CAPEX
 Capacity


OPEX
 Expected 


tariff
 1


2


3


4


5


A
B
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The expected tariff level for the Generation Technologies is 11.8  US¢/kWh for Biomass, Solar and Wind, and 13.9 US¢/kWh for Waste


Regulation: The prices for electricity purchases from any renewables must be approved by the Ministry of Energy 
 and Mineral Resources (MEMR). MEMR Reg. No. 50/2017 sets out the way that the maximum tariff for different 
 technologies of renewable energy plants should be determined.


Maximum tariff:The applicable tariff ceilings are established at the time of PPA signing and are based on the 
 published average electricity generation cost for the preceding year in the area where the project is to be located 
 (known as the BPP). The logic behind the maximum tariff payable is: 


 If the local BPP is below the national BPP, the tariff to be negotiated with PLN will be capped by local BPP.


 If the local BPP is above the national BPP, the tariff is capped at 85% of the local BPP for biomass, solar PV and 
 wind power and at 100% for waste incineration.


Expected tariff: Note that for this study, we have used the tariff ceilings to assess feasibility, but final tariffs may be 
 lower due to a competitive selection process. MEMR Decree No. 1320K/32/MEM/2018 sets the reference BPP from 
 the period from 1 April 2018 to 31 March 2019. The BPP in West Nusa Tenggara, where Lombok is located, is 13.9 
 US¢/kWh, which is considerably higher than the National BPP of 7.7 US¢/kWh. Tariffs are therefore capped in relation 
 to the local BPP. This yields a maximum tariff of 11.8 US¢/kWh for biomass, solar PV and wind and 13.9 US¢/kWh for 
 waste incineration. For this study, this is applied as the expected tariff.


Regulation of waste: Although Presidential Reg. No. 35/2018 has been introduced to cover new and higher tariff for 
 waste incineration projects in some parts of Indonesia, Lombok is currently not covered by this regulation. This 
 means that the waste incineration plant within this study remains under the MEMR Regulation 50/2017 – i.e., 13.9 
 US¢/kWh.


Currency:We note that tariffs are required to be paid in IDR, but are expected to be kept indexed to a fixed USD 
 amount. More explanation is provided in the Background material.


Source: MEMR Reg. No. 50/2017 and No. 10/2017, PR No. 35/2018; MEMR Decree No. 1320K/32/MEM/2018; Bank Indonesia  
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Biomass power plant
Prefeasibility studies on green power generation
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Rice husk could provide fuel for power generation – potential of  340,000 tons result in a potential total capacity of 60-65 MW


Risk husk biomass: Rice husk is a by-product from the milling of rice paddy into rice. The husk is the 
 shells surrounding the rice. For each ton of rice paddy, a treatment facility – known as a rice heller –
 receives, roughly 60% will become rice and 40% will end as husk. 


Resource potential: According to the Regional Energy Plan (RUED) of West Nusa Tenggara, the 
 largest biomass potential is from rice husks with a total annual resource of approximately 340,000 tons 
 in Lombok – a number that the Provincial government expects to growth. The potential is primarily 
 located in East, Central and West Lombok (incl. Mataram). The hellers’ annual generation of husk vary 
 from 200 tons to 5,000 tons. Throughout the year, paddy is being harvested, but the highest paddy 
 production is in May, June and July.


The husk has a heating value of 13 GJ/ton, which yields a total estimated capacity of 60-65 MW in 
 Lombok (assuming 6,000 full load hours and 30% efficiency). 


Central Lombok
 130,000 tons


~ 25 MW
 North Lombok
 18,000 tons


East Lombok
 130,000 tons


~ 25 MW
 Mataram and 


West Lombok
 65,000 tons


~ 13 MW


Source: PLN NTB; DESDM NTB; Local office of Agriculture; Local rice hellers; KPMG analysis
 KPMG picture
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The suitable biomass plant capacity is assessed to be 20 MW The cost of the husk is estimated to be 11 USD/ton


Power plant site and husk resources


Source: NuGen Engineering Ltd.; Ea Energy Analyses & IDEAS Consulting Services; NEC technology catalogue; DESDM NTB; Local office of Agriculture; Local rice hellers; KPMG analysis
 Biomass 
 power plant
 20 MW


Known resources:


~ 15,000 ton


~ 3 hellers


~ 40,000 ton


~ 17 hellers


30 km


Location*: Based on the location of hellers, harbours and grid connection, a site very close to the existing 
 coal-fired power plant on the West coast has been chosen for this study. The required area for the power 
 plant and biomass storage is 2.5 ha, plus an additional area during the construction period (app. 1 ha). The 
 Lembar port and existing road have been used for receiving, reloading and transporting the equipment for 
 the existing Jeranjang power plant and so the logistics should be feasible. 


Resource and supply: Within a beeline distance of 30 km, three known major rice hellers are located in 
 West and Central Lombok, each generating 5,000 tons husk per year. It is estimated that additional three 
 hellers exist in this area of the same size. Additional 17 known medium-sized hellers are located within this 
 area – 1,500-3,000 tons husk each. We estimate that there is an additional 20 unidentified medium- sized 
 hellers in this area. The biomass potential of these sites sums up to110,000 tons p.a. – estimated to be 
 sufficient to operate a 20 MW power plant at an average 6,000 full load hours. .


Total known and 
 estimated:


~ 110,000 ton


~ 40 hellers


Separate bilateral agreements might be needed to arrange for the sale of rice husk 
 from each heller to the operator.  However, some of these hellers are known to be 
 held by the same owner which should enable a number of hellers to provide husk 
 under a single bilateral agreement. It is currently estimated that the number of 
 bilateral agreements necessary will be 30-40. 


Fuel price: The rice hellers currently sell the husk to local farmers and flower shops 
 as fertiliser and to manufacturers to be used for manufacturing of bricks. The husk 
 is usually sold in 100 kg bags for 5,000 IDR – i.e. the current value of the husk is 
 50,000 IDR/ton (3.3 USD/ton). Due to increasing demand from the utilisation of husk 
 in power plants we assume a 20% increase in price – i.e., 4 USD/ton.


.


Known large heller (~5000 ton p.a.)
 Jeranjang coal power 


plant
 Power plant 


site Transformer


Lembar port
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*The sites have been located using satellite photos, and comparing these with maps of land cover. It has not been examined if the land actually can be acquired or if 
 there exist unknown restrictions on the use of the land. 


Transport cost: The cost of collecting the rice husk is estimated to 3 USD/ton plus USD 45,000 per year for 
 administration (3 skilled workers) on plant site. The collection thereby has an annual additional cost of USD 
 375,000 or 3.4 USD/ton. An overhead for a subcontractor is estimated to be 50% - i.e., total estimated cost 
 being 11 USD/ton


Location of power plant
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The total CAPEX of the power plant is estimated at USD  40-60m – OPEX is estimated at USD 1.6-2.4m p.a.
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Source: NEC technology catalogue; Mitsubishi Research Institute; ASEAN LCOE report; Singh et al.; KPMG analysis 


CAPEX: Biomass power plants are a mature and well-known technology – including in South 
 East Asia. An ASEAN study on biomass projects found that CAPEX for steam boiler power 
 generation (~10 MW) is 2-3m USD/MW. The same study includes Indonesian oil palm shell 
 projects, but it is not specified if they use steam boilers or gasification.


According to the Indonesian Technology Catalogue from the National Energy Council, the capital 
 cost of equipment and installation for a biomass power plant in Indonesia is 1.7m USD/MW. 


A prefeasibility study on biomass husk for power generation in Myanmar lists a cost of 2.5m 
 USD/MW. 


According to this, the Technology Catalogue seems to be in the low end. For the 20 MW 
 biomass plant, total CAPEX is assessed to be 2-3m USD/MW or USD 40-60m. 


The risk of irregular supply and low bulk density (100 kg/m3to 200 kg/m3) calls for a large storage 
 yard. Consequently, the storage area and cost of fuel handling are significantly higher for husk 
 than, for example, coal. It is assumed that this extra cost is included in the total CAPEX of 2-3m 
 USD/MW.


It is assumed that in Lombok there are some additional expenses relative to logistics and 
 development. Our chosen site is located next to the existing power plant Jeranjang. The port of 
 Lembar was used for receiving the equipment for the existing plant, and we assume that any 
 additional enforcements of the roads have not been removed. We therefore believe that the 
 additional logistics costs will be low and only reflect 1% of total CAPEX. 


OPEX: From the ASEAN study and the Technology Catalogue, OPEX is assessed to be ~4% of 
 the CAPEX – i.e. USD 1.6-2.4m p.a.
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Assumptions of the financial cash-flow model for the  20 MW biomass plant
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Capacity 20 MW


Expected tariff 11.8 US¢/kWh (fixed USD-rate)


Payment currency  All payments are in IDR


WACC* 10%


Tax & depreciation* 25% (16 years depreciation period)


CAPEX USD 40-60m


OPEX USD 1.6-2.4m p.a. (~4% of CAPEX)



£ €


Fuel cost# 11 USD/ton


Heating value 13 GJ/ton


Efficiency 31%


Availability 80%


Load factor 90%


Technical lifetime 25 years


Abandonment+ USD 1.2m


#The price consists of 3.3 USD/ton (plus 20% extra due to risk of price increase when we enter 
 the market with additional demand), and a transport cost of USD 375,000 p.a. (3.4 USD/ton). 


50% fee/overhead for a local subcontractor for handling bilateral agreements and collection.


+After the lifetime of the power plant, it needs to be scrapped. 


* See background appendix slides for further explanation of assumption.


Source: NEC technology catalogue; DESDM NTB; ASEAN LCOE report; KPMG analysis.
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Biomass power provides a project IRR of 4-24% -wide range  driven by uncertainty of husk supply


Result: The cash-flow calculation shows a project IRR of 14-24%, where the higher 
 IRR value is the lower CAPEX and OPEX, and vice-versa. For an estimated CAPEX of 
 USD 50m and a WACC of 10%, the calculations result in a NPV of USD 20m. 


The main reason for the highly positive result is the combination of a high power 
 tariff (double of the tariff on Java), and a cheap fuel. The cost of rice husk including 
 procurement, transport and administration is 0.85 USD/GJ – compared to coal from 
 Kalimantan, which can be acquired for approximately 1.0-1.5 USD/GJ. 


Sensitivity: Beside CAPEX and OPEX, the fuel supply is the most crucial parameter 
 in the calculations. The sensitivity of lower supply of husk can result in a higher price 
 than assumed due to higher demand, or even lack of supply due to quotas for use of 
 husk for power generation vs use in the agriculture sector. 


With a fuel price of twice the value assumed, the base case (i.e. 22 USD/ton) will 
 result in a project IRR of 11-20%. 


With a load factor of 60% instead of 80% due to lack of husk supply, the project IRR 
 decreases to 4-11%.


Assessed project IRR:The overall IRR range is estimated to be 4-24%, which is a 
 very large range of uncertainty. This risk of the IRR is evaluated on the next slide.
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Source: NEC technology catalogue; ASEAN LCOE report; KPMG analysis 


NPV breakdown of central guess (USDm)*


* Applied CAPEX of USD 50m and WACC of 10%.
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The supply of husk is a critical risk element and will need  to be managed carefully 
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Source: DESDM NTB; Local rice hellers; KPMG analysis. 


Risk matrix


Insufficient bilateral 
 agreements signed 
 and fulfilled for husk 
 supply


Husk is used for 
 fertilisation


Storage self-
 combustion


Risk Risk description  Action


Husk is used for 


fertilisation Risk of overlapping activities with the 
 agriculture sector. The demand for husk as 
 fuel will increase the price of husk, and there 
 may not be enough husk for both fuel and 
 fertilisation. Risk of political changes after 
 commissioning which will decrease the supply 
 of husk to power generation.


Work closely with politicians and farmers to 
 evaluate the situation in the feasibility stage. If 
 possible, try to ensure the supply of an 


alternative fertiliser in the same price range. Both
 to minimise the likelihood of risk.


Insufficient bilateral 
 agreements signed 
 and fulfilled for husk 
 supply


There is a significant risk for the owner of not 
 getting the fuel supply needed, since it relies 
 on 30-40 bilateral agreements. There is a low 
 risk of capital loss in the developing phase but 
 high capital loss if the bilateral agreements are 
 not fulfilled after commissioning.


To minimise the likelihood of risk, hire a local 
 subcontractor for organising and collecting the 
 husk. Prepare a screening in the feasibility stage 
 to get insights on possible candidates to access 
 creditworthiness. 


Local service 


insufficient A 20 MW biomass plant has local content 
 requirement on services in the construction
 period of 56%. 


To minimise both the consequence and the 
 likelihood of risk, hire a local EPC company that 
 can take some of the risk and provide 


understanding of the market. Manage the 


construction carefully and on site to decrease the 
 likelihood of risk.


Storage self-


combustion Storing rice husk presents several risks. One 
 being spontaneous self-combustion. If it 
 happens, the stored husk is gone, the storage 
 has to be refurbished for weeks and the 
 power plant is out of operation in this period.


To minimise the likelihood keep husk dry under a 
 roof, and monitor the storage temperature. To 
 decrease the consequence, acquire the 
 necessary equipment to extinguish fires.


Likelihood


Capital lossHighLow


High
 Low


Local service 
 insufficient
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Solar PV plant
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There is a huge solar potential in Lombok with 1800 full load 



hours achievable in the southern and eastern part of the island


Resource: The hours of sunshine in Lombok is higher than on many of the other Indonesian islands. The 
 average daily solar energy received on a horizontal surface (GHI) in Lombok vary from 3.3 to 5.6 kWh/m2, 
 the lowest being on the volcano Rinjani, and the highest being on the South and East coast and the most 
 Northern coast of Lombok. 


Utilisation: We assume that the modules of the solar PV plant will be installed with a fixed tilt of 10° and 
 a DC/AC ratio of 1.1. A DC/AC ratio larger than one means that the PV array’s DC rating is higher than the 
 inverter’s AC rating. This increases inverter utilisation, although it also results in some PV energy 


curtailment during the sunniest periods when PV output exceeds the inverter’s capacity. The prices of PV 
 modules have dropped more rapidly than the prices of the inverters, therefore many developers have 
 found it economically advantageous to oversize their PV module surface. The additional harvest in the 
 off-peak period more than offsets the losses from the curtailment. This design results in 1800 full load 
 hours at the chosen site.


Source: DESDM NTB; ADB; ESMAP SolarGIS; World Bank Group (ESMAP); KPMG analysis. 


3 - 4
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Solar potential in Lombok and 
 current PV systems
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Inverter 1 MW


PV module 1.1 MW


Curtailed harvest
 Additional harvest
 Power 


(MW)


6am 6pm


Solar PV daily power generation
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There can be challenges for integrating large-scale solar  PV, which limit the size to 20 MW


Current large scale PV plants: There are currently four 5 MW solar PV plants being constructed (COD 
 2019), from North to South, at Pringgabay, Selong, Sengkol, and Kuta. The three first-mentioned plants are 
 developed by Vena Energy (formerly Equis Energy) and the last one is developed by German Ib Vogt. 


Experience with smaller systems: In the period 2007 to 2015, ESDM and PLN established 38 off-grid PV 
 systems in villages in Lombok. The sizes varied from 5 to 30 kW. Some of these villages have since been 
 connected to the main grid. On the islands of Gili Trawangan, Gili Meno and Gili Air, larger PV systems 
 have been installed, with sizes of 600 kW, 60 kW and 160 kW, respectively. These islands are also 
 connected to the mainland with a 20 kV connection. Additionally, there exist more than 100 residential PV 
 systems across Lombok. The use and integration of PV systems is therefore well known; however, large-
 scale PV plants are new.


Source: NEC technology catalogue; NREL PV benchmark; KPMG analysis
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PV 5 MW


(under construction)


Village (5-30 kW) and residential (~1 kW) PV 
 systems. The Gili islands have 60-600 kW. 


Capacity: In the current system, fluctuating power generation can be a 
 challenge for PLN. Based on conversations with PLN NTB, the capacity is 
 limited to 20 MW. This is the same as the total large-scale PV capacity being 
 commissioned in 2019 which should provide PLN with guidance on the ability 
 of the grid to accept this size of variable resource.


Location*: The most suitable land to acquire for solar PV plants is rice fields, 
 which are relatively flat, and also assessed to be possible to purchase to less 
 on a long-term basis. A potential site is assessed to be suitable just south of 
 Lombok International Airport. The site will cover an area of 20-30 ha. The site is 
 chosen due to the substation location at Sengkol, just south of the airport - a 
 substation which has just been extended in 2018. It is assessed to be 
 technically feasible, since in the same area a 5 MW solar PV plant is being 
 commissioned. 


*The sites have been located using satellite photos, and comparing these with maps of land cover. It has not been examined if the land actually can be acquired or if 
there exist unknown restrictions on the use of the land. 
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Total CAPEX of the 20 MW solar PV plant is estimated at  USD 20-30m – and OPEX to be USD 0.4-0.6m p.a.
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Source: NREL PV benchmark; NEC technology catalogue; ASEAN LCOE analysis; KPMG analysis 


CAPEX: The cost of a large scale utility solar PV plant is around 2.0m USD/MW according to 
 an ASEAN project study (2016) on PV plants (1-20 MW) in Indonesia, Malaysia, Vietnam and 
 Thailand. This is significantly higher than the Indonesian Technology Catalogue, which projects 
 the price to be 0.83 USD/MW by 2020. The main reason is that the cost of solar PV panels 
 has decreased and continues to decrease rapidly. NREL states that the cost of solar PV plants 
 in competitive markets is currently around 0.9-1.1m USD/MW and the global average is 1.39m 
 USD/MW (2017). 


For the 20 MW solar PV plant, total CAPEX is estimated at USD 20-30m – or 1.0-1.5m 
 USD/MW.


The element of economy of scale is also important. From NREL this is found to be 87%, i.e. 


that for each 100% increase in size (doubling) the total cost will increase by 87%.


OPEX: The OPEX is found by both NREL, ASEAN and listed in the Technology Catalogue to 
 be around 2% of CAPEX – i.e. USD 0.4-0.6m p.a.
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Assumptions of the financial cash-flow model for the  20 MW solar PV power plant
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Source: NEC technology catalogue; DESDM NBT; NREAL PV benchmark; ASEAN LCOE report; ESMAP SolarGIS; KPMG analysis.


Capacity 20 MW


Expected tariff 11.8 US¢/kWh (fixed USD-rate)


Payment currency  All payments are in IDR


WACC 10%


Tax & depreciation 25% (16 years depreciation period)


CAPEX USD 20-30m


OPEX USD 0.4-0.6m p.a. (2% of CAPEX)



£ €


Fuel cost# -


Heating value -


Efficiency -


Availability 98%


Load factor 20% (1800 full load hours)


Technical lifetime 25 years


Abandonment+ USD 0m


#No fuel cost on solar.


+The net cost for abandonment is assumed to be zero. Equipment can be sold for reuse.
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The solar PV plant provides a project IRR of 7-14%, with CAPEX  being the major driver
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Result:The cash-flow calculation of the solar PV case results in a project IRR of 8-
 14%, where the higher IRR value is the lower CAPEX and OPEX, and vice-versa. For 
 an estimated CAPEX of USD 50m and a WACC of 10%, the calculations result in an 
 NPV of USD 20m.


Sensitivity: Besides the CAPEX, one of the main elements in the cash flow is tariff 
 revenue, which directly depends on the load factor of the solar PV plant. Lowering 
 the full load hours to 1,600 will result in a project IRR of 7-12%. 


Assessed project IRR: The overall project IRR range is estimated to be 7-14%, 
 which indicate a possible positive investment, if the developer can optimise the 
 CAPEX and utilisation of the PV plant. Key risks of the IRR are evaluated on the next 
 slide.


Source: NEC technology catalogue; DESDM NTB; NREAL PV benchmark; ASEAN LCOE report; ESMAP SolarGIS; 


KPMG analysis.
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* Applied CAPEX of USD 25m and WACC of 10%.



7-14%



Project IRR


NPV breakdown of central guess (USDm)*
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Overall project risk assessment indicate low risk for the solar  PV plant – all risks can be covered in early stages
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Source: DESDM NTB; Local rice hellers; Presidential Reg. No. 44/ 2016, No. 35/ 2018, BKPM, Ministry of Industry Reg. No. 54 of 2012, and No. 5 of 2017, Baker McKenzie; 


KPMG analysis.


Risk matrix


Likelihood


Capital lossHighLow


High
 Low


Local content 
 requirements 
 on services


Risk Risk description  Action


No PPA due to 
 integration 
 challenges


PLN has challenges with grid stability, and 
 therefore has some hesitation with regard to 
 integrating too much fluctuating power 


generation. If a PPA can not be agreed upon, it 
 would happen before construction, so capital 
 should be limited to development costs.


Go into dialogue with PLN in the early stage of 
 the feasibility study to lower the likelihood of 
 rejection of the project during due diligence. 


Consider the potential for integrating storage into 
 the PV site.


Local content 
 requirements on 
 services


Solar PV has local content requirements in the 
 construction period of 100% on cost of 
 services. A developer is thereby required to 
 use locals for consultancy and EPC. Indonesia 
 has successfully commissioned other PV 
 plants, so the capital loss of this is assessed 
 to be low.


Hire a knowledgeable local EPC to diversify some 
 of the risk. Manage the construction carefully and 
 on-site to decrease the risk. Consider developing 
 in combination with a strong local partner to help 
 source local content.


Acquisition of land at 


chosen site  The chosen location covers approximately 100 
 rice fields owned by an unknown amount of 
 farmers. Numerous purchase/lease 


agreements will need to be made with 
 farmers. Farmers may try to raise land prices 
 in knowledge of the development or may be 
 unwilling to give up ancestral lands.


Land acquisition is a common problem in 
 Indonesia and can take considerable time. In the 
 feasibility stage, hire a local broker to screen the 
 area and go into a dialogue with the farmers to 
 lower the likelihood of the risk. Different sites 
 can be sourced and issues will arise pre-
 construction limiting capital losses but this may 
 create significant delays, increasing capital costs 
 and time between development expenditure and 
 revenue collection.


Acquisition of 
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Wind power plant
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Low wind speed turbines designed for the conditions result in  3000 full load hours – the capacity is selected to be 50 MW


Wind resources: The average wind speeds in Lombok are low. In the South, the average wind speed 
 barely reaches 6 m/s and moving North to Rinjani, the average wind speeds are only 2 m/s. These low 
 wind speeds call for wind turbines designed for these conditions. The Vestas V150-4.2 MW is an example 
 of this. Its long blades (74 m) and large sweep area of 17,670 m2make it possible to utilise energy in low 
 wind conditions. Other manufactures have similar low speed turbines – such as the Siemens Gamesa SG 
 4.5-155. 


Location*: The sub-district of Jerowaru is chosen for the site analysed as this location has some of the 
 highest wind speeds in Lombok, and the land covers are mostly dry land agriculture, which are assumed to 
 be acquirable. The land covered is around 100 ha (~1 km2); however, most of the land can still be used for 
 agriculture purposes. 


Utilisation: An analysis of the power curve from a V150-4.2 MW turbine and the distribution of wind 
 speeds at a chosen site, results in 3000 full load hours.


Source: Vestas; WindProspect; DEA; KPMG analysis.
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Capacity: Fluctuating power generation can in the current system be a challenge for 
 PLN. However, economy of scale calls for higher capacity. A capacity of 50 MW is 
 assessed to provide the best balance..
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*The sites have been located using satellite photos, and comparing these with maps of land cover. It has not been examined if the land actually can be acquired or if 
 there exist unknown restrictions on the use of the land. 


Power 
 (MW)


m/s
Low wind speed turbine power 
curve



(35)CAPEX breakdown (%)


Construction Equipment Infrastructure
 Development



Total CAPEX of the 50 MW wind power plant is estimated  at USD 75-100m – and OPEX to be USD 3-4m p.a.
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Source: Vestas; WindProspect; DEA; FCN & E.ON Research Center; IRENA power cost; NREL; NEC technology catalogue; Jakarta Post; 


KPMG analysis 


CAPEX: In Indonesia, the first large scale onshore wind farm is the 75 MW in Sidrap, South 
 Sulawesi, which was inaugurated in July 2018. The Sidrap Wind Farm consists of 30 Gamesa
 2.5 MW (G114/2500) turbines and had a total cost of USD 150m – or 2.0m USD/MW. This is 
 significantly higher than the market average of 1.4m USD/MW – which is normal for the 
 technology when entering a new market – and it is estimated that the cost will decrease for 
 future projects. The Technology Catalogue lists a cost of 1.5m USD/MW by 2020.


The cost of large onshore wind turbines has decreased significantly over the years. Vestas 
 average cost of a wind turbine has dropped from 1.75m USD/MW in 2010/2011 to around 1.0m 
 USD/MW in 2017. One of the reasons is the economy of scale, hence wind farms are getting 
 bigger. 


The wind turbine assessed is a low wind speed turbine which is expected to have a higher price 
 than the average turbine, but instead has a higher utilisation. The cost for this study is estimated 
 to be 1.5-2.0m USD/MW – i.e., USD 75-100m.


OPEX: The OPEX cost is from the Technology Catalogue and NREL cost of wind power found 
 to be around 4% of CAPEX – i.e. USD 3-4m. 
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