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Executive Summary 
Sustainable Energy for Remote Indonesian Grids (SERIG) is a U.S. Department of Energy (DOE) 
funded initiative to support Indonesia’s efforts to develop clean energy and increase access to 
electricity in remote locations throughout the country. With DOE support, the SERIG 
implementation team consists of the National Renewable Energy Laboratory (NREL) and Winrock 
International’s Jakarta, Indonesia office. Through technical assistance that includes techno-economic 
feasibility evaluation for selected projects, government-to-government coordination, infrastructure 
assessment, stakeholder outreach, and policy analysis, SERIG seeks to provide opportunities for 
individual project development and a collective framework for national replication.  

Lamandau District of Central Kalimantan, along with Sabu and Sumba Islands of East Nusa 
Tenggara province, were selected as SERIG pilot project locations. All three locations have high 
electricity generation costs, high poverty rates, diesel dependencies, relatively low electrification 
ratios, reasonable site access, excellent renewable energy (RE) potential, substantial load growth 
(10% to 20% annually), and broad support for RE development from multiple stakeholders including 
the Indonesia national electric utility Perusahaan Listrik Negara (PLN), regional governments, non-
governmental organizations, and others. 

The techno-economic feasibility analyses performed to date identify an optimum hybrid technology 
mix for each project given available data such as loads and load growth, locally available renewable 
resources, and existing diesel genset configuration. This report takes the techno-economic analyses 
one step further by feeding these outputs into conventional assessments of financial return that 
would typically be conducted by private investors. Small individual projects often do not receive this 
level of detailed evaluation by private investors because such assessments are data- and time-
intensive, and hence, costly. This report is an attempt to reduce these and associated start-up and 
transaction costs in order to accelerate the development process, by defining optimum investment 
prospects in terms of size and type of project. Along with financial analysis, the SERIG team aims to 
facilitate project development through stakeholder outreach and institutional cooperation, i.e., bring 
appropriate entities and information together to identify opportunities and unmet needs. 

HOMER analysis for Lamandau and Sabu Island resulted in a least-cost system configuration based 
on life-cycle costs that included existing diesel gensets, site-appropriate RE technologies, hourly 
dispatch simulation for the entire year, and associated costs.  

According to the analysis, the lowest life-cycle cost system in Lamandau is a diesel-biogas hybrid 
system combining two separate biogas generation projects using palm oil mill effluent (POME), 
together totaling 3.5 megawatt electric (MWe), which would displace almost all of the current diesel 
generation. Extension of power lines approximately 14 km would be necessary to connect these 
POME generation projects to the existing power grid and increase the electrification ratio. A feed-in 
tariff (FiT) of $0.1138 per kilowatt-hour (kWh) was used for the analysis. 

On Sabu Island, two different system configurations were modeled: 350 kilowatt of photovoltaics 
(PV) with no batteries, and 1 MW of PV with 461 kWh of lead acid battery storage. The 350 kW PV 
system would be expected to provide about 13% of the annual electricity production while the 1 MW 
PV and battery system would provide about 35% of total production. The FiT for PV on Sabu was 
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estimated at $0.20/kWh for the 350 kW PV system with no batteries and $0.25/kWh for the 1 MW 
PV system with battery storage.  

On Sumba Island, the SERIG team is focusing its efforts on a grid integration study to maximize 
diesel fuel displacement from a 660 kW wind turbine and flywheel hybrid system. This 
demonstration project, scheduled for completion by the end of 2015, will be part of a much larger 
high contribution RE effort across all of Sumba, called the Sumba Iconic Island (SII) initiative, 
which will potentially include more wind, hydropower, biogas, and PV. Numerous other institutions 
and organizations are involved in the SII initiative, including the Asian Development Bank, the 
Danish International Development Agency, Hivos, Perseroan Terbatas (PT) Sewatama, and Winrock 
International. A target FiT of approximately 2,750 Indonesian rupiah (IDR) per kWh ($0.25/kWh) 
for the wind project has been identified by the private developer to meet its investment criteria. 

A more detailed financial evaluation was conducted on the Lamandau and Sabu Island proposed RE 
projects based on the outputs of the HOMER modeling to determine the attractiveness of these 
projects to private investors. Several assumptions and sensitivity analyses were included in the 
assessment, which developed pro forma financial statements to determine cash flows and potential 
financial returns to investors. Based on site- and project-specific capital costs, levelized cost of 
energy (LCOE), and FiT, the analyses yielded an internal rate of return (IRR) and net present value 
(NPV) for each project. Table ES-1 summarizes these calculations for the base case for all three 
projects. For the two different PV system configurations on Sabu Island, a viability gap financing 
calculation was also conducted to determine the amount of outside funding, i.e., capital cost buy-
down that would be necessary to yield a 14% IRR that was assumed to be the targeted margin for a 
private investor in this region. The POME biogas project on Lamandau does not require viability gap 
financing (VGF) because it is already a highly attractive investment opportunity. 

Table ES-1: Financial Analysis Summary of Three Projects with Base Case Assumptions 

Proposed Location 
and System 

FiT     
($/kWh) 

NPV IRR 
(base 
case) 

Capital 
Cost 

LCOE 
($/kWh) 

VGF for 
14% IRR 

Lamandau – POME 
biogas, 3.5 MWe 

$0.1138 $2.021M 50.2% $8.78M $0.0106 ---- 

Sabu – 350 kW, no 
batteries 

$0.20 ($585,000) -3.0% $1.575M $0.3097 $687,000 

Sabu – 1,000 kW, 
with 461 kWh 
batteries 

$0.25 ($1.5M) 0.2% $4.77M $0.3047 $1.489M 

 
Table ES-1 focuses on the financial returns from an independent power producer (IPP) perspective. 
Alternatively, PLN could choose to develop a project like this instead of adding new diesel capacity 
to meet growing demand. Compared to a generation cost of $0.39/kWh for new diesel, PLN would 
realize an NPV of $475,000 by instead developing the PV on Sabu. 

Sensitivity analysis conducted on these three projects demonstrated that capacity factor and cost of 
the original installation (represented by $/Watt installed) were the two variables that impacted the 
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attractiveness of these potential investments the most. This points to the need for detailed grid 
stability and integration studies, especially for high contribution RE-diesel hybrid systems, to 
achieve maximum technical and financial performance and displace as much diesel fuel as 
forecasted in the simulations. 

The financial analysis also highlights different perspectives that may be required for ultimately 
successful development of each of these projects. Specifically, Lamandau is shown to be potentially 
highly profitable and hence, no outside incentives would be required for private investment in this 
proposed project. Photovoltaic generation with or without batteries on Sabu island, however, is 
shown to be much less attractive but still would cost-effectively displace some diesel generation with 
proper integration into the local PLN grid. Hence, VGF may be required if a private developer were 
to invest in Sabu, or perhaps PLN may choose to develop the project as it still represents cost  
savings compared to diesel generation.* In other circumstances, such as on Sumba Island, it is 
expected that a combination of public and private financing and project developers will all contribute 
to a diverse generation mix and ownership structure. Broadly, site- and community-specific project 
sustainability strategies will be required for long-term success for all of these projects. This includes 
a business plan, an ownership structure, payment mechanism, an identified “project champion” and 
viable business entity to conduct ongoing operations, maintenance, troubleshooting, bill collection, 
and community education and outreach. 

These analyses and project-specific recommendations are being conducted under existing conditions, 
specifically incentives and policies that are now in place. Current trends such as global fossil fuel 
price declines, combined with reduction in fossil fuel price subsidies in Indonesia, will likely impact 
financial viability and projections of specific projects, along with distribution of benefits and costs. 
The next and final SERIG report will aim to address these issues and examine incentives, policies, 
and lessons learned from the selected SERIG projects and other locations to leverage opportunities 
and offer national replication strategies for broader, accelerated deployment and impact. 

                                                 

* As explained in more detail in the main report, because there are different discount rates for NPV and IRR calculations, 
it is possible to have a negative NPV but still achieve cost savings, especially from the utility perspective, because cost 
savings are derived from reduction in diesel fuel usage. Viability gap financing addresses the lack of investment income 
on a project that may achieve fuel, and hence cost savings, but does not yield a return relative to the original capital 
investment, opportunity cost, and prevailing discount rate.  
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1 Introduction 
Sustainable Energy for Remote Indonesian Grids (SERIG) is a U.S. Department of Energy (DOE) 
funded initiative to support Indonesia’s efforts to develop clean energy and increase access to 
electricity in remote locations throughout the country. With DOE support, the SERIG 
implementation team consists of the National Renewable Energy Laboratory (NREL) and Winrock 
International’s Jakarta, Indonesia office. Through technical assistance that includes techno-economic 
feasibility evaluation for selected projects, government-to-government coordination, infrastructure 
assessment, stakeholder outreach, and policy analysis, SERIG seeks to provide opportunities for 
individual project development and a collective framework for national replication.  

Lamandau District of Central Kalimantan, along with Sabu and Sumba Islands of East Nusa 
Tenggara province (Nusa Tenggara Timur (NTT)), were selected as SERIG pilot project locations. 
This entailed a rigorous evaluation and selection process that included site visits, stakeholder 
consultation, data collection and analysis, and development of other metrics and ranking criteria. All 
three locations have high electricity generation costs, high poverty rates, diesel dependencies, 
relatively low electrification ratios, reasonable site access, excellent renewable energy (RE) 
potential, and strong support for RE development from multiple stakeholders including Indonesia’s 
national electric utility Perusahaan Listrik Negara (PLN), the regional governments, non-
governmental organizations (NGO), and others. Figure 1 identifies the locations of the three selected 
sites within Indonesia. 

 

Figure 1. Location of pilot project sites: Lamandau District (Central Kalimantan), Sabu Island and 
Sumba Island (East Nusa Tengarra).  

Source: Google Earth 

Lamandau 

Sabu 
 

Sumba 
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The selection and analysis process for Lamandau and Sabu Island were similar in that a detailed 
techno-economic feasibility study was conducted using hybrid optimization for multiple energy 
resources (HOMER) modeling software with site-specific data collection and input. Outputs of the 
HOMER modeling effort resulted in a least-cost system configuration that included the existing 
diesel gensets, site-appropriate RE technologies, hourly dispatch simulation for the entire year, and 
associated costs; all are explained in more detail below. 

The SERIG team also conducted an energy efficiency analysis in both locations (Lamandau and 
Sabu) that identified specific end user efficiencies and supply-side generator efficiency 
improvements as potentially cost-effective opportunities for diesel fuel savings. Considering that 
both locations are electricity supply constrained, i.e., there is more demand for electricity than can be 
provided by existing supply, any improvements in energy efficiency will result in more electricity 
available for the unmet demand. This will support an increase in the electrification ratio in these 
locations, which is a national goal for PLN. 

Sumba Island was also selected to receive technical assistance under the SERIG analysis and project 
development effort, though the dynamics of the situation required a different approach. Several 
techno-economic studies and related analyses, including long-term, site-specific wind energy 
resource availability and data collection, had already been conducted prior to SERIG involvement. 
Winrock International, as well as other organizations such as the Asian Development Bank (ADB), 
Castlerock Consulting, the Danish International Development Agency (DANIDA), and Hivos, a 
Dutch development NGO, has been very active in Sumba. Thus, a high contribution RE-diesel 
hybrid system development opportunity is evolving rapidly, which requires more detailed grid 
stabilization and integration considerations to address the preferred hardware option, currently a 
wind turbine and possibly a flywheel. The SERIG team is now focusing its efforts in Sumba by 
assisting with these grid integration issues.  

1.1 SERIG Process 
We have applied multiple analytic tools to specific projects to provide a “business case” rationale 
that aims to accelerate project development. Broadly, SERIG employs both a bottom-up approach to 
individual projects via site-specific and detailed techno-economic evaluation and a top-down 
approach through policy analysis and government-to-government engagement of best practices.  

The bottom-up approach focuses on pre- and early feasibility analysis to reduce risk for private 
investors to fully develop the projects. This provides win-win opportunities for private industry, 
local communities, and the Indonesian and United States governments regarding greenhouse gas 
(GHG) emissions reductions, clean energy development, and increasing electrification ratios. At a 
minimum, individual projects provide direct benefits to various stakeholders, but ideally, these 
individual projects can be aggregated and consolidated to expand those benefits, while also 
providing a framework and lessons learned for streamlining and accelerating the deployment of 
clean energy projects more broadly.  

The top-down approach is based on establishing successful pilot projects that bolster confidence and 
investment from financial institutions and the private sector; enhance technical capacity at the utility 
and local level; and improve supply chains so appropriate technology, such as LED lighting and 
advanced inverters, is available and supported throughout the country. National and regional policies 
that encourage a stable investment environment and account for the unique challenges posed by 
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remote, island power systems across Indonesia are also essential components of a top-down 
approach to facilitate clean energy development. 

Significant data collection and several studies have preceded this document within the SERIG 
framework. These include the following:2   

• Sustainable Energy Integration in Remote Grids: Challenges and Opportunities 
• Sustainable Energy in Isolated Grids in Indonesia: Renewable Energy and Energy 

Efficiency Policy Overview  
• Finance Challenges and Opportunities: Sustainable Energy in Isolated Grids in 

Indonesia  
• Sustainable Energy in Isolated Grids in Indonesia: Deployment of Energy Efficiency 

Technologies - Barriers and Opportunities  
• Sustainable Energy in Remote Indonesian Grids: Feasibility Study for Integrating 

Renewable Energy Technologies 

This is the second-to-last report in the series and focuses on the site-specific details of individual 
projects—primarily taking a bottom-up approach. The aim is to reduce risk and the up-front costs 
that are often barriers to initiating small, singular projects, and lay the groundwork for broader 
mobilization.   

The next report, which will apply a top-down approach and be the last under the existing SERIG 
structure, will incorporate lessons learned from the individual projects and broader experience from 
other locations around the world to provide a national replication strategy to scale-up clean energy 
development throughout Indonesia. It is scheduled for completion in the second quarter of 2015. 

Another essential component of SERIG has been stakeholder outreach and public education. This 
has been accomplished partially through distribution of the documents described here, but also via 
public meetings, stakeholder workshops, sponsored trainings, government-to-government vehicles, 
and other targeted activities. One example of this is the public workshop, “Renewable Energy 
Opportunities for Remote Indonesian Grids,” sponsored by DOE and the SERIG team, held in 
Jakarta on October 1, 2014. The agenda and attendee list from this workshop can be found in 
Appendix F. 

The presentations from the workshop can be viewed at the Clean Energy Solutions Center (CESC) 
website.3 CESC is part of the Clean Energy Ministerial, initiated by DOE, “a global forum to share 
best practices and promote policies and programs that encourage and facilitate the transition to a 
global clean energy economy.”4 There were over 70 attendees and participants at the workshop, 
representing all aspects of the project development process, including government agencies, electric 
utilities, project developers, technology providers, financiers, NGOs, community leaders, and others. 

                                                 
2 These studies have not been published.  Please contact the authors of this report if you are interested in obtaining these.. 
3 https://cleanenergysolutions.org/news/serig. 
4 www.cleanenergyministerial.org.  

https://cleanenergysolutions.org/news/serig
http://www.cleanenergyministerial.org/
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Figure 2. October 2014 Stakeholder Workshop – Jakarta. 
Photo Credit: Winrock International 

 
One last activity of note embodied in the SERIG approach is working closely with communities and 
local governments. In Sabu, for example, the SERIG team has met several times with the local 
government and various Ministries, provided a large, island-wide map of various land uses that 
remains helpful for ongoing planning and coordination activities, and has assisted in data collection 
and coordination between regional and national offices of PLN. To facilitate further coordination 
and project development, the head of the local government, the Bupati, has written a letter of 
support5 for the SERIG team that identifies specific activities and roles and responsibilities of the 
different parties. 

1.2 Project Summaries 
Drawing from data and analysis presented in previous reports, here we briefly review the selected 
sites to provide necessary background for the next sections, which offers a more detailed 
examination relevant for targeted financing and project development. Additional information on site 
selection and characteristics was included in the previous report, entitled Sustainable Energy in 
Remote Indonesian Grids: Feasibility Study for Integrating Renewable Energy Technologies. 

1.2.1 Lamandau District 
Lamandau, located in the province of Central Kalimantan, has an electrification ratio of roughly 
36%. The grid serves a primarily residential base load of 1,700 kilowatt (kW) during the day and a 
peak load of 2,400kW in the evening. Currently, PLN relies on six diesel generators (four rented and 
two owned) to meet the load. Economic analysis illustrates that adding 3.5 megawatt (MW) of 
electricity generated from palm oil mill effluent (POME) biogas has the potential to reduce the 
levelized cost of energy (LCOE) from an estimated $0.31/kWh to $0.11/kWh. Solar PV could 
provide substantial diesel fuel savings, as well, though generation is less coincident with the 
nighttime load on the island. 

1.2.2 Sabu Island 
Sabu Island, in NTT, has an average daily load of 580 kW and a peak load of approximately 900 
kW. Currently, PLN relies on eight small diesel generators–all owned by PLN, though at the time of 
                                                 
5 The letter of support can be shared with interested parties by contacting the authors of this report. 
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the SERIG site visit, three were in disrepair. From the perspective of the utility, solar photovoltaics 
(PV) combined with battery storage provides an opportunity for reduction in diesel fuel use and 
modest LCOE reductions on Sabu Island (from an estimated $0.38/kWh to $0.35/kWh).  Economic 
analysis identified that integrating batteries with a 1 MW solar installation would provide substantial 
fuel reduction while reducing the challenges associated with integrating and managing a large 
variable resource (solar) relative to the total load. 

1.2.3 Sumba Island 
Sumba Island, also in NTT province, was the third selected location to receive technical assistance 
under the SERIG analysis and project development effort. There are two separate grids on Sumba 
Island with a combined daytime peak load of 5.9 MW and an evening peak of 9.3 MW. The 
electrification ratio for the entire island is estimated at about 25%. There are various RE 
opportunities on Sumba, including wind, hydro, and PV. There are also several other entities 
involved in clean energy development on the island, namely under the Sumba Iconic Island (SII) 
initiative, which has established a goal of 95% electrification and 100% RE generation to meet the 
entire island’s load by 2025.  

1.3 Institutional Context for Renewable Energy in Remote Grids 
Due to abundant natural resources and strong policy support, the Indonesian context is considered 
amenable to RE. The Government of Indonesia (GOI) has stated its desire to gradually remove 
energy market distorting subsidies, promote the use and development of RE, encourage public 
adoption of energy efficiency, spur the use of clean and efficient energy in the industrial and 
commercial sectors, and restructure the price of various energy sources. However, the majority of 
the implemented policies apply to grid-tied projects. The feed-in-tariff (FiT), available to private 
energy developers, is the exception, and provides the key incentive applicable to RE projects 
developed in isolated grids. The FiT sets a ceiling price of $0.25/kWh for PV projects, and 1,050 
Indonesian rupiah (IDR) per kilowatt-hour (kWh) ($0.094/kWh) for biogas projects plus a regional 
multiplier depending on the location of the project. The wind FiT is currently under review and is 
expected to be between 1,250 and 1,810 IDR/kWh ($0.1136/kWh - $0.1645/ kWh). There are also 
regional multipliers for the FiT, which reflect the different costs of energy and general business 
transactions in more remote parts of Indonesia. Further, provincial and district governments are 
required to develop an energy plan  that is aligned with the national energy plan–though not all 
provinces have actually developed this (central Kalimantan has made significant progress, while 
NTT has not yet developed one). These policies have the potential to increase the economic 
attractiveness of a RE project and align PLN support for project development. 

The key players directly involved with the generation or supply of electricity to businesses and 
households in Indonesia include PLN, independent power producers (IPP), individual communities, 
and captive power producers. Financing requires that a project meet financiers’ return requirements 
and risk profile, as well as other relevant criteria–which will vary depending on the financier. 
Potential financiers or project developers for the projects analyzed by SERIG include PLN, the 
Ministry of Energy, local government, development banks such as the World Bank and the ADB, 
foreign government organizations such as the U.S. Millennium Challenge Corporation, DANIDA, 
and other donor countries, private sector banks, and NGOs.   
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This report considers the projects identified in the previous technical feasibility study for each site, 
reviewing and elaborating the production cost modeling with new data, calculating the financial 
projections, and determining the risks around these financial projections. As well, this analysis will 
assess economic viability of projects and consider various financing mechanisms.  
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2 Production Cost Modeling 
This section reviews the production cost modeling for Lamandau District and Sabu Island.6 The 
analyses presented in this section look at these projects primarily from the perspective of the electric 
utility. A later section uses these production cost modeling outputs for financial analyses that might 
be performed by project developers and IPPs to ultimately make investment decisions.  

Renewable energy generally requires a large capital investment compared with standard fossil-fuel 
generators. However, RE technology typically has low to no fuel cost and requires very little 
maintenance. Production cost modeling is the process of allocating the required load demand 
between the available generation units so that the cost of operation is minimized. This economic 
analysis compares the LCOE of the existing power production (base case) with the LCOE of a 
system with RE added into the generation mix. The preliminary analysis was conducted by NREL 
and Winrock using the HOMER modeling software. The results of the analysis are intended to assist 
PLN and IPPs in identifying the conditions under which solar PV, biogas, and wind turbines become 
cost effective for Lamandau District and Sabu Island. 

Production cost modeling relies on several key modeling assumptions, namely, the interest rate and 
the fuel cost. 

2.1 Assumptions for Electricity Rate Structure and Cost 
Perusahaan Listrik Negara deploys uniform, tiered electricity rates for all regions of the country. 
Household tariffs are categorized as R1, R2, and R3, depending on the customer’s electric demand 
and consumption. Remote grids primarily use diesel to generate electricity. Other electricity 
generation might use combined, locally available resources to produce electricity and thus have 
lower generation cost. High cost for diesel fuel and its transportation to remote areas make actual 
generation costs significantly higher than the national pricing structure, which is generally based on 
the less remote and lower cost regions of the country. Thus, the electricity price to the consumer 
does not truly reflect the cost of electricity production in remote areas. Perusahaan Listrik Negara’s 
generation cost for such remote grids is between $0.30/kWh and $0.80/kWh depending on the 
location and other site-specific variables.7  Losses currently sustained by PLN for electricity 
delivered to remote grids is covered by subsidy payments from the national government budget. 
Renewable energy systems that produce power at a lower price than diesel generation in remote 
Indonesian grids have the potential to save PLN money by displacing diesel fuel. 

2.1.1 Discount Rate 
The discount rate is a critical parameter that depends on a number of factors.  The HOMER models 
use a real discount rate, which is equal to the nominal or quoted rate minus the expected inflation 
rate over the life of the project. The real interest rate used in the HOMER models for this study is 
8%. Note that for IDR loans the nominal interest rate can be as high as 11% to 13%. The increased 
interest rate disadvantages RE projects, which have high up-front capital costs and generally low 

                                                 

6 Production cost modeling was not performed for Sumba because it is not considered a potential candidate until after 
primary site visit and data collection efforts are complete and Sumba is further along in the development process. 
7 Information gathered on the site visit and speaking with PLN, February 2014. 
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operations and maintenance (O&M) costs. Conventional (diesel) generation is not impacted as much 
by high interest rates because the up-front financing is much less, though diesel generation is subject 
to fuel price escalation and volatility. In this case, 8% is considered a “conservative” number with 
respect to RE development (i.e., a relatively high interest rate that does not overly advantage RE as 
compared to diesel or other conventional generation assets).  

2.1.2 Fuel Cost 
The cost for diesel fuel used to operate the generators is approximately $1.00/liter. Diesel fuel price 
for industry is adjusted to world oil price. A recently published price by Pertamina (Oct 31, 2014) 
was $0.886/liter; prices just a few months earlier were $0.927/liter. Considering the fluctuation in oil 
price and exchange rate, even with short term price declines, $1.00/liter is representative over the 
long term and the life of these proposed projects. The study assumed that PLN purchases its fuel at a 
wholesale cost. A sensitivity analysis was performed on the fuel cost to determine the impacts on 
financial performance if the cost of diesel varies from $0.9/liter to $1.20/liter.  



9 

This report is available at no cost from the National Renewable Energy Laboratory (NREL) at www.nrel.gov/publications. 

3 Lamandau District 
Previous RE optimization analysis for Lamandau District was conducted for the study Sustainable 
Energy in Remote Indonesian Grids: Feasibility Study for Integrating Renewable Energy 
Technologies.  The analysis found that PV and biogas from POME are both economically promising 
technologies in Lamandau district with POME having the greatest economic and technical potential 
to reduce the diesel fuel use with a renewable resource. Lamandau has experienced considerable 
growth in the past year, with an annual load growth of 20%. With this large increase in demand and 
need for stability in power generation in Lamandau, the SERIG team decided to focus only on 
dispatchable RE from POME for updating the production cost model.  

3.1 Existing Diesel Gensets 
The area around Nanga Bulik, including all government offices, is connected to the main PLN grid 
(known as PLTD AMP) and is provided with electricity at all times. All generators are leased at the 
PLTD AMP facility and during the SERIG team’s visit in February 2014, these generators were 
providing the majority of the load with only occasional backup support during peak hours from the 
nearby PLN owned and operated plant called PLTD Nanga Bulik.  Diesel generator power plants 
and capacities are presented in Table 1.  

Table 1. Diesel Power Plant and Capacities in Lamandau District (Feb. 2014) 

Diesel Power Plant  Status Installed 
Capacity 

Operation 
Hours (daily) 

PLTD AMP Rented 4 x 800 kW 24 
PLTD Nanga Bulik District Owned 2 x 500 kW 4–5 

 
The peak demand in February 2014 was approximately 2.4 MW and occurred in the evenings from 6 
p.m. to 9 p.m. The base loads during the day were ~1.7 MW. The PLTD Nanga Bulik generators 
only ran four to five hours per day. The generators at Nanga Bulik district owned facility were in fair 
condition and PLN was planning to retire them. 

By the time the SERIG team visited in October 2014, the load had increased to an average of 2.4 
MW during the day with the peak ~3.4 MW in the evenings. This increase in demand reflects an 
annual load growth of 20% and caused severe overheating in the main PLTD AMP plant. The PLTD 
Nanga Bulik power facility, that only ran four hours per day eight months earlier, was now running 
all the time to support the PLTD AMP plant and meet the increased demand.   

The HOMER software uses an optimal dispatch strategy to minimize fuel consumption in the 
simulation of the power system. It selects the combination of generators that yields the lowest cost 
while meeting all load requirements. The baseline model was calibrated to match the annual fuel 
consumption. 

The annual energy production and fuel usage of the HOMER model base case for 2013 is calculated 
at 4,860,000 liters (compared to ~4,800,000 liters/year reported by PLN). The number of hours the 
modeled generators at PLTD Nanga Bulik plant ran is 1,449 hours/year (an average of 4.0 
hours/day). The projected ~20% load increase per year for three years is modeled with the summary 
of load data and fuel use presented in Table 2. 
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Table 2. Summary of Load Data from Model 

Data 2013 2014 2015 

Average power (kW) 1,851 2,221 2,665 
Average (kWh/d) 44,422 53,306 63,967 
Peak Power (kW) 2,558 3,069 3,683 
Fuel consumption (Liters) 4,860,000 5,685,364 6987,200 

Annual production (KWh/year) 16,214,000 19,456,678 23,347,962 

 
3.2 Resource Assessment from Palm Oil Mills 
Palm oil is a significant economic driver in Indonesia by providing income opportunities in rural 
areas. It is the world’s leading vegetable oil produced and traded, and Indonesia is the largest 
producer. Growing worldwide demand for vegetable oils has led to a continual increase in oil palm 
plantation land area and palm oil production in Indonesia. The feedstock comes from large private 
plantations, smallholders, and state-owned plantations. Palm oil mills typically operate 24 hours per 
day, seven days per week, year-round.  Palm oil mill effluent is currently processed through a series 
of ponds to reduce environmental toxins and stabilize it prior to final release to land or water; the 
final byproduct is methane rich to varying degrees depending on how efficient the particular mill is 
in converting feedstock to palm oil.   

Most existing palm oil mills that capture the methane from POME generally use a flexible 
membrane to cover an existing anaerobic pond to collect the biogas–a combination of methane and 
carbon dioxide (CO2) and traces of other gasses. The biogas is cleaned to remove impurities for use 
in a reciprocating gas engine to produce electricity and deliver to the grid.  

Palm oil byproducts that have power generation potential include biogas from POME and solid 
biomass waste. The two palm oil mills closest to the PLN’s distribution feeders are PT Gemareksa 
Mekarsari and PT Nirmala Agro Lestari (NAL) and energy production potential from these is 
quantified as:  

• Palm oil mill effluent. From two palm oil mills in Lamandau, POME potentially could generate 
about 3.5 MWe (Table 3). Electricity generation equipment would be sized based on POME 
sampling at each candidate mill. In this project, electricity generation from a 45-ton/hour facility 
is estimated at 1.52 MW; however, potential at any given mill may be higher or lower depending 
on the chemical oxygen demand (COD), effluent rate, extraction efficiency of palm oil, and 
general mill operations. Poorly run mills inefficient at extracting the maximum amount of palm 
oil may have POME rich in organic wastes capable of producing more than the 1.52MW used in 
the assumption. If a mill is highly efficient, it may produce less than 1.52MW, making the 
POME less valuable for methane production.   

• Solid biomass waste. The energy potential for electricity generation from solid biomass waste 
such as empty fruit bunch (EFB), shell and fiber of palm oil mills in Lamandau District is 
presented in Table 3 for two palm oil mills located close to PLTDs in Nanga Bulik. Most of the 
solid biomass is used for fuel in boilers for crude palm oil (CPO) production process. Further 
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studies are needed to determine how much resource is left for potential biomass power plant. We 
estimate that 5 MW of annual average power production could be produced from solid waste. 

The calculations assume that one ton of CPO is generated from five tons of fresh fruit bunch (FFB), 
and one ton of FFB generates residues of 0.2 tons EFB, 0.22 tons of fiber, and 0.075 tons of palm 
shell. The effluent rate is generally 50% to 70% per ton FFB processed. If the primary energy-to-
electricity conversion rate is 35%, then the estimated total electricity generation capacity from 
biomass waste of two mills is about 5 MWe average annual power output. The estimated generation 
of 5 MW is based on the assumption that all solid biomass is utilized. This leads to total energy 
potential from POME (3.55 MW) and solid biomass waste (5 MW) to be about 8.55 MWe. 

Table 3. Palm Oil Companies and Total Energy Potential from POME and Biomass Waste 

No Company Production Capacity 
(ton/hour CPO) 

Total Energy 
Potential from 
POME(a) (MWe) 

Estimated Generation 
Capacity from EFB, 
Shell & Fiber (b) (MWe) 

 
5 1 PT Gemareksa Mekarsari 60 2.03 

2 PT Nirmala Agro Lestari (NAL) 45 1.52 
 SUBTOTAL 105 3.55  5 

(a) Assumption: FFB to POME ratio: 70%, COD level: 55,000 ppm, operating hours: 6,000 h/year, and COD removal of 
80%. Source: Estimated from data in CIRCLE Project, Provinsi KalimantanTengah (2011).  
(b) Estimated based on the assumption that the electricity generated has a capacity factor of 80% and that operating 
hours of the mills are 8,760 hours/year. 
Source: Dinas Kehutanan dan Perkebunan, Lamandau, 2013. 

Analysis by Winrock and NREL from the site visit to the two palm oil mills close to PLTDs (i.e., PT 
Gemareksa Mekarsari and PT NAL indicate that the potential from POME biogas to generate 
electricity presents the best opportunity for diesel displacement or supplementing existing power in 
PLN’s nearby grid. Palm solid waste materials already are being utilized as fuel in boilers for the 
palm oil mill operation as well as for mulching or making fertilizer and it is assumed they are not 
available for power generation. 

3.3 Project Construction and Cost 
As described in the previous section, the potential power generation for PT Gemareksa Mekarsari is 
approximately 2 MW and NAL is approximately 1.5 MW and these could be interconnected at 
PLTD AMP.   

The PLN standard cost of transmission lines for central Kalimantan is about IDR 400 million per km 
or $36,365/km. These costs are assumed in this analysis for the cost to potentially interconnect 
POME biogas power plants. The distance is about 12 km from PT Gemareksa Mekarsari’s potential 
biogas power plant to the “interconnection point” at PLTD AMP, whereas PT NAL is located about 
14 km to PLTD Nanga Bulik (which is an incremental distance from PT Gemareksa Mekarsari). 
Table 4 summarizes the plant size, distance to interconnect to the electrical system at PLTD AMP 
and total cost to interconnect based on the assumed $36,365/km cost.  
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Table 4.  Distance and Cost to Interconnect with Palm Oil Mills 

No Company Total Energy 
Potential from 

POME(a) (MWe) 

Distance to 
interconnect 

PLTD AMP 

Cost to 
interconnect 

1 PT Gemareksa Mekarsari 2.03 12 km $436,380 
2 PT Gemareksa Mekarsari and 

PT Nirmala Agro Lestari  3.55 14 km $509,110 

 
It appears that, with two biogas power plants, the sustainability of POME-based electricity supply in 
Lamandau could be achieved such that some of the diesel engines could be relocated to other un-
electrified areas to improve electrification ratio of the sub-districts. 

3.4 Permits 
Permits needed to install electricity generation equipment at an existing palm oil mill are expected to 
be less of a barrier than stand-alone RE generation plants because the palm oil mill should already 
hold an existing license from the Indonesia Ministry of Agriculture. The water needed for the 
electricity generation process is minimal, and the mill or IPP should determine whether there are any 
issues with water permits. No additional land would be needed for this project because it would 
involve using existing area and installing equipment in the mill’s engine room.  However, for the 
mills considered in this study, additional land may be needed temporarily to divert the existing ponds 
while the membrane and earthworks are being installed. 

3.5 Project Model 
A cost analysis was done from the perspective of the utility, PLN, on extending a transmission line to 
one or both of the palm oil plants and purchase 2 MW or 3.5 MW at the current FiT of $0.1138/kWh. 
A HOMER model was used to determine the most cost effective solution with lowest LCOE. 

The biogas generators were assumed to be built and operated by the palm oil mill as an IPP. The 
biogas generators were sized to represent potential production from PT Gemareksa Mekarsari and 
PT Nirmala Agro Lestari. The model assumed that PLN would purchase the electricity at a $0.1138 
/kWh (feed-in-tariff for Kalimantan).8 In this scenario NREL assessed if it was worthwhile for PLN 
to purchase biogas at the current FiT rate and also to pay for the line extension to one or both plants 
to access this low cost electricity. 

The analysis assumed diesel fuel costs $0.90/liter. 

3.6 Production Cost Modeling Results for Lamandau 
Results of the analysis show that it would be cost-effective to build 14 km of transmission to 
purchase power from both POME biogas power plants (3.5 MW) at the current FiT rate. At the 
assumed line extension costs, PLN would save approximately $2.9 million/year in diesel fuel costs 
and realize a net present value (NPV) of $31 million in total life-cycle savings over a 25 year power 
purchase agreement (PPA) term. The total levelized cost for electricity for PLN from the POME 

                                                 
8 Regulation of MEMR Minister No. 27/2014. 
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biogas plants would be approximately $0.14/kWh inclusive of the $0.1138/kWh FiT and line 
extension. 

A sensitivity was done on increased FiT, or PPA price, to determine at what price limit it would be 
cost effective to extend the transmission line and purchase electricity from both mills (3.5 MWe) 
and/or just one palm oil mill (2 MWe). Table 5 shows the results using 2015 load profile (3,683 kW 
peak) and present diesel price of $0.9/liter. The LCOE column shows the blended LCOE for PLN’s 
self-generated diesel plant and power purchased from a potential IPP under the different FiT 
scenarios.  

Table 5. Optimum Results with Increased FiT for POME 

Power from 1 or 2 
Mills (MWe) 

Capital 
Cost 

FiT 
($/kWh) 

LCOE 
($/kWh) 

3.5 MWe 509,110 0.11 0.140 
3.5 MWe 509,110 0.18 0.247 
2.0 MWe 436,380 0.20 0.273 
2.0 MWe 436,380 0.24 0.302 

0 MW 0 0.28 0.306 

 
The results indicate that it is cost effective to purchase power from both palm oil mills at the current 
FiT and up to $0.18/kWh. The sensitivity analysis shows that if the FiT increased to $0.20/kWh then 
it would be cost effective to only extend the transmission line to the closer palm oil plant (2MW). At 
a FiT of $0.28/kWh, the results indicate that it would not be cost effective for PLN to purchase 
power from either palm oil plants at the assumed line extension costs. Lower costs for line extension 
or higher diesel fuel costs would change the break-even point for purchased power. 

A POME project would perform very well economically primarily because of PLN’s avoided cost of 
diesel generation, which is roughly three times what it would pay for electricity generated by the project. 
This means that the majority of the benefit is captured by PLN. 

The analysis indicates that extending the transmission line and purchasing electricity from both palm 
oil mills is likely economical at current FiT of $0.1138/kWh. With the significant load growth of 
20% annually, PLN might want to consider investing in transmission lines that extend to the palm oil 
mills to increase their generation and help meet their growing demand for electricity. This analysis 
indicates that POME biogas generation and line extension is less costly than  expanding a fleet of 
diesel generators and/or purchasing diesel generated power at PLTD AMP or PLTD Nanga Bulik. 

Currently, Winrock is in contact with the palm oil mill owners at their main offices in Jakarta to 
discuss generating electricity from their POME with pre-feasibility study assistance. According to 
PLN’s Lamandau sub-branch manager, PLN would construct the required transmission line from the 
two mills to PLN’s existing 20 kV lines as long as it is stated in the PPA that new customers in the 
area would be provided with power. Again, in this case the local government and PLN will need to 
play an important role in developing POME biogas as an electricity opportunity with the mill 
owners. This is a crucial issue for ultimate project success. 
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4 Sabu Island 
A previous RE optimization analysis was presented in the document “SERIG: Feasibility Study for 
Integrating Renewable Energy Technologies.” The analysis found that wind and PV are both 
economically promising technologies on Sabu Island relative to diesel generation.  However, wind 
technology requires additional resource assessments and permitting for near term project 
deployment. For this reason the SERIG team focused on updating the production cost model for 
deploying PV with battery storage. 

4.1 Existing Diesel Gensets 
There are eight diesel generators at the Seba power plant with only six of them operating when 
NREL visited in October 2014. The total installed capacity is 2 MW with actual capacity of 1,700 
kW. The night/peak load is 1 MW at about 8:00 p.m. while the day/base load is between 500-600 
kW. The average diesel fuel consumption is between four and five tons per day or 4,516 and 5,645 
liters per day. The average energy production is 13,744 kWh/d. The production has increased ~10% 
annually since 2012 when reported production was 12,498 kWh/day and the average diesel fuel 
consumption was about 3,605 liter/day (the specific fuel consumption (SFC) is 0.288).9  Since the 
annual production and load growth is estimated at 10%, a sensitivity analysis was performed around 
load growth in the production cost modeling. 

 

Figure 3. Daily load profile for Seba power plant. 

The base load data is summarized in Table 6. 

Table 6. Summary of Load Data from Production Cost Model 

Data Total  
Average power (kW) 573 
Average (kWh/d) 13,744 
Peak Power (kW) 980 
Load factor 0.58 
Annual fuel consumption (Liters) 1,756,300 
Average Annual production 5,016,561 kWh/year 

                                                 
9 Data from: Sabu Raijua dalam angka 2012. 
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Each of the gensets is assumed to have a lifetime of 45,000 operating hours, before a $1,000/kW 
replacement/overhaul cost is incurred.  In addition, each genset incurs an operation and maintenance 
cost equal to $0.010 times its continuous output capability for every hour of operation. The fuel costs 
make up the remaining cost of operating the gensets, accounting for ~70% to 80% of the total cost. 
Since the fuel costs provide the largest proportion of generation costs, strategies to reduce fuel usage 
provide the greatest opportunity for cost savings. 

4.2 Solar Resource 
The solar resource data for this analysis is from NASA’s surface solar energy (SSE) data set, which 
provides monthly average solar radiation data for anywhere on earth. The resolution is a 40 km 
grid.10 The solar resource used for Sabu Island is centered at about 10° 30' S latitude and 121° 53' E 
longitude. More information about SSE can be found at http://eosweb.larc.nasa.gov/sse/. 

Sabu Island has an excellent solar resource. According to data from NASA’s SSE database, the 
average annual solar resource is ~6.5 kWh/m2 per day. This is also called full sun hours or peak sun 
hours because 1 kW per square meter is the approximate solar radiation at noon on a clear day. 
Figure 4 shows the solar resource, locations of various PV projects, and the diesel powerhouse on 
Sabu Island. 

                                                 
10 NASA Atmospheric Science Data Center. (2011). Surface Meteorology and Solar Energy. 
A Renewable Energy Resource Web Site (release 6.0). http://eosweb.larc.nasa.gov/sse/. Accessed July 2014. 

http://eosweb.larc.nasa.gov/sse/
http://eosweb.larc.nasa.gov/sse/
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Figure 4. Map of Sabu Island with solar - resources. 
Source: NREL and Winrock International 

4.3 Solar Project Opportunities 
The solar potential is excellent and is consistent with the government’s planning to continue to 
support PV development. The local government of Sabu confirmed that land could be made 
available for utility-scale PV development that is near the hospital, government buildings and Seba 
power plant. This is likely the preferred location because much of the load and growth is happening 
in this area; it will be the least cost location to facilitate grid integration of large amounts of PV. 

4.4 Cost of Photovoltaics 
The cost of PV is coming down worldwide, as is documented in IEA PVPS January 2014.11 The 
average European cost for commercial PV systems is less than $4.00/W and utility scale (>5 MW) is 
even less at an average of $2.00/W.  

                                                 
11 International Energy Agency Photovoltaic Power Systems Program, January 2014. 
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The cost of PV on islands and remote systems typically is $1.00/W to $2.00/W higher. The cost 
depends largely on the accessibility of the site and the environmental conditions of the area.  

The primary consideration for investing in PV is the ability to source and install low cost PV 
equipment and cost effectively displace diesel fuel.  

Because there is uncertainty about the actual cost of a PV system and the cost of diesel fuel for Sabu, 
NREL ran a sensitivity analysis for the capital costs of PV as compared to the varying price of diesel 
to determine the cost at which a PV system becomes economical. The analysis examined PV system 
costs from $2.50/W to $6.00/W. Figure 5 indicates that for diesel prices between $0.90/liter up to 
$1.20/liter PV is recommended at costs under $5.00/W and as diesel prices rise above $1.05/liter PV 
is recommended even at $6.00/W installed. 

 
Figure 5. Sensitivity analysis on PV installed cost ($/W) and diesel escalation price. 

4.5 Production Cost Modeling Results for Sabu Island 
The production cost modeling results presented are the costs of generating electricity to meet the 
projected load demands and operating reserve requirements of the island. The costs do not include the 
additional cost of distributing electricity (including transmission and distribution upgrades and 
maintenance). The results are based on a techno-economic feasibility analysis that includes an annual 
hourly chronological dispatch to ensure that supply meets demand within each hour. The simulated 
results are used to determine the expected costs of operating the described system for 25 years. 

4.6 Operating Reserve 
HOMER enforces an operating reserve (spinning reserve) constraint that requires the system to have 
sufficient capacity online to cover sudden drops in output from the wind or PV systems. This reflects 
how conservative the utility will be with regard to the variability of the renewable resources. A 
100% operating reserve constraint requires the system to have sufficient spinning reserve to cover 
the complete loss of solar output within each of HOMER’s one-hour simulation time steps. A less 

PV Recommended 
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conservative assumption is that the system only needs spinning reserve sufficient to cover 25% of 
the solar output in any hour.  

More detailed analyses considering short-term fluctuations in the resources, the “stiffness” of the 
rural grids, and other technical factors are required before recommendations regarding the 
appropriate level of operating reserve can be made. For example, 100% operating reserve could be 
most appropriate if all of the PV is packed into a single array. If multiple smaller arrays are 
sufficiently separated geographically, then individual clouds will not have the same near-
simultaneous impact on the system output, and a lower level of operating reserve could be possible. 
Amounts and types of energy storage would also factor into the recommendation on percent of 
operating reserves. A 100% operating reserve requirement reduces the cost-effectiveness of PV 
significantly. For this analysis, NREL assumed the HOMER default values for operating reserve of 
25% for PV. 

The modeling results presented here do not consider individual feeder limitations and constraints, 
which will need to be explored in subsequent interconnection modeling. It does, however, include 
the need to switch on generators to meet load and reserve requirements, as well as assuming that 
solar generation only contributes 75% “reliable” electricity, that is, un-curtailed solar generation 
must be backed up with spinning reserves equal to 25% of solar power output. 

4.7 PV System Without Batteries 
Adding a high penetration of variable and non-dispatchable PV generation (i.e., no battery storage) 
will increase the need for controls to avoid excessive ramp rates on the generation, or overvoltage 
issues on the distribution lines. HOMER identifies potential impacts of variable generation on the 
electric power system as it relates to the instantaneous maximum RE penetration level.  IEEE Std 
1547.2 Application Guide for IEEE 1547 Standard for Interconnecting Distributed Resources with 
Electric Power Systems specifies a 10-15% penetration limit to peak loads and was used to 
determine aggregate PV system size that wouldn’t negatively affect the dispatching of the 
generators.  For Sabu Island, at the present load, the amount of PV that can be added to the base case 
diesel generators without storage or complex controls is ~350 kW. The 350 kW of PV would 
provide ~13% electrical production to the total load.  The project would realize a NPV savings of 
$628,000 and a simple payback of eight years. 

4.8 Storage 
From a broad grid perspective, the key attributes of importance for Sabu Island in the near term is 
reserve support to improve the dispatch of the generators and reduce the diesel fuel use. We focus on 
reserve support because this will become more important as the amount of variable renewables on 
the system increases. In this study, NREL and Winrock analyze the system with lead-acid battery 
technology since these batteries are already deployed on the island and the technology is familiar to 
local residents, available, and considered mature. 

System designs that include greater relative capacities of variable RE benefit from energy storage to 
help increase the value of the RE in the design and to help regulate the grid and keep it stable. The 
modeling analyzes the economics of adding storage (batteries) to a PV/generator hybrid system on 
Sabu Island. A typical diesel-based island electricity system with storage can be cost-effective even 
in the absence of RE through the ability to maximize diesel generator efficiency and thereby reduce 
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diesel consumption. Conversely, without energy storage, the size and operation of the recommended 
PV system would be more limited because of the variable, intermittent nature of solar energy and the 
impact the fluctuating PV would sometimes have on the diesel grid. 

The mature technology of lead-acid batteries is modeled because it has moderate costs and high 
reliability. A combination of renewables, storage, and diesel generators—all carefully sized and 
integrated—can yield the lowest-cost solution (based on the levelized cost of electricity). For small 
scale (up to 10 MW) installations, lead-acid batteries are the most common storage technology 
system.12 

In HOMER, the energy storage system is modeled as two distinct components: battery and 
inverter/charger. Technical information regarding the cycle life and capacity curves for battery 
technology along with cost information is entered as HOMER inputs. HOMER simulations take into 
account the duty cycle on the battery along with replacement and O&M cost to derive a project 
period life-cycle cost. The inverter/charger is modeled separately as the component that is the link 
between the AC and DC busses. 

The advanced lead acid battery Absolyte GP 100G99 was modeled; it is a deep-cycle battery with an 
initial cost of $5,625 per 9.6 kWh, 4,800 Ah battery system. The converter was modeled with a 
capital cost of $107,733 for 100 kW and a replacement cost of $95,000. Various sizes of PV were 
modeled (from 300 kW to 1 MW) with various numbers of battery strings (24 cells/string) and 
projected load increase over a three-year period. The results (Figure 6) are modeled with a PV cost 
of $4.50/W and 8% interest rate. The 1,000 kW of PV can provide 2,043,045 kWh/year or 35% of 
the overall electrical production to meet the load. The annual battery throughput is ~36,500 kWh/yr 
with an expected life of 16 years. It should be noted that given the size of the current load on Sabu, 
1000 kW of PV would not be feasible without energy storage because the PV variability would be 
too extreme for the diesel gensets. 

 

Figure 6. Monthly average electric production. 

                                                 
12 IRENA, Electricity Storage and Renewables for Island Power, May 2012. 
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4.9 Summary of Investments in Solar PV 
The opportunities for integrating PV and batteries on the island of Sabu are economically promising 
for PLN and have the potential to reduce the demand on fossil fuels. The production cost modeling 
indicates that a PV/battery system is competitive with diesel generation over a large range of diesel 
fuel prices (Figure 7).  Adding 1 MW of PV and  48 Absolyte GP 100G99 batteries (36.5 
MWh/year) would realize a NPV savings of ~$2 million over a 20-year period compared to the 
present base case with only diesel generation. 

Adding batteries is also cost effective for a PV hybrid system (PV prices at about $4.50/W and 8% 
interest rate) and can reduce the impact of variable generation on the electrical system. The HOMER 
analysis indicated that adding batteries can reduce the use of diesel fuel—and thus the LCOE of the 
electrical system. The model indicated that the most cost-effective method is to add a large amount 
of PV (900-1,000 kW) and a moderate amount of storage (48 battery cells or 461 kWh) to the 
present 2014 load and phase in additional PV with storage as the loads increase over the next few 
years. 

The surface plot (Figure 7) shows that the optimum hybrid system (PV-diesel-battery) recommends 
adding PV capacity from 800 kW to 1 MW in stages as the load demand increases over three years 
(x-axis). Each different color represents the recommended size PV capacity array, with the color 
black being 800 kW (recommended for 2013 load) and red represents 1 MW (recommended for 
loads 2014- 2015 and beyond). 

 

Figure 7.  Recommended PV array capacity across the range of projected loads. 
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4.10 Integration Services: Storage and Balance of System Management 
In addition to understanding the financial impact of high contribution RE on islanded electrical 
systems, it is critical to also understand how these systems will impact existing generation and 
distribution infrastructure and system behavior. To accurately size and integrate variable renewables 
such as PV, additional power system models—specifically load-flow, stability, short-circuit, 
protection and coordination studies—must be done. Accurate model simulations are critical for 
planning overall grid quality and safety.  Additional costs to address the system impacts may affect 
the economics of the project. 

If a low penetration of RE is installed on Sabu Island, additional storage may not be necessary (300-
400 kW). If the level of variable renewable penetration is sufficiently high, however, then storage, 
demand management, and balance of system controls will be necessary to maintain system stability. 
The responsibility for these integration services will be determined by the contracts, but the technical 
issues will remain and should be addressed. Without sufficient integration services, the variable 
renewables will need to be curtailed occasionally to maintain system stability. Responsibility and 
payment for curtailment should be considered in any PPA. 

If PLN is responsible for the costs of curtailment, i.e., they own the RE generation asset or have a 
“take or pay” clause in their PPA with an IPP, incentives would exist to install appropriate 
integration services to manage the integration of variable renewables. The provision of integration 
services is a future business opportunity, but is contingent on the installation of new variable 
renewable supply. 

4.11 Summary of Investments in Integration Services 
Integration services are only necessary once the PLN grid transitions from a grid with low-
penetrations of variable RE to medium- and high-penetrations of variable RE. The value will depend 
heavily on the structure of the PLN’s grid and associated power demand. Integration services require 
substantial coordination between the renewable and conventional generating assets. Specifying this 
coordination through contractual arrangement may be possible, but would entail large transaction 
costs and complicated negotiations. This argues for an integrated ownership and management 
structure. Large mainland utility systems sometimes rely on markets for independent power 
producers to provide ancillary integration services, but a small island like Sabu does not have the 
economies of scale and scope to maintain that kind of market for ancillary services.   
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5 Sumba 
Sumba is an island located in NTT Province, with a population of approximately 675,00013 people 
and an electrification ratio of about 25%.14  Sumba was initially not selected as a potential pilot 
project site during the initial screening study performed under SERIG due to PLN’s concerns of 
overlap with ongoing RE activities. More recently, it has been determined that these ongoing 
activities may offer synergies that could facilitate project development, such as financing partners, 
data sharing, and government support, and that the SERIG team can add unique value to the grid 
integration component that will be required with a high penetration RE-diesel hybrid system. This 
section of the report explores Sumba’s characteristics and the key considerations for implementing a 
wind-based RE project there. 

5.1 Energy Resources and Demand Characteristics 
Sumba is endowed with extensive RE resources for potential wind, hydro, solar, and biomass 
projects.  It has low economic development, but reasonably extensive infrastructure for 
transportation and electricity distribution. Sumba can also be reached relatively quickly from Jakarta 
and Kupang. As a result, Sumba was selected by the Dutch NGO, Hivos, as a showcase for RE in 
remote locations. 

In 2009, Hivos took the initial steps to start what is now the Sumba Iconic Island (SII) initiative. 
Through it, Hivos is working with a range of local and national-level Indonesian government 
organizations, multinational donors, NGOs, and technical experts with a goal to increase the 
electrification ratio of Sumba to 95% with 100% of the electricity supply coming from RE sources 
by 2025. The intent is to use the SII initiative as a model for such projects throughout Indonesia and 
around the world. This is a distinctive opportunity for SERIG to participate and contribute to an 
important local effort that could provide lessons learned and application for many locations.  

Based on Winrock’s direct knowledge and involvement with SII activities, the SERIG team has 
identified an ongoing wind power development project (detailed below) with characteristics that 
align with SERIG’s goals and approach. 

5.2 Electricity Supply 
Sumba’s electricity distribution system is made up of two main grids, fed primarily by diesel 
generators, with an installed capacity of roughly 13 MW.15 The total nighttime peak load of the 
Waingapu and Waikabubak systems is about 9.3 MW while the daytime peak load is 5.9 MW.16 
Energy demand on this island is expected to increase in proportion to regional economic 
development and population growth, along with available energy. Figure 8 shows the existing PLN 
20kV medium voltage Waingapu and Waikabubak grids. According to PLN’s planning documents, 
the systems were scheduled to interconnect in 2014, but that time has passed and a new scheduled 
date has not yet been established.17

                                                 
13 “Baseline Data of Sumba Island,” Winrock International, 2011. 
14 “Scaling Up Renewable Energy Access in Eastern Indonesia, Inception Report,” ADB, November 18, 2013. 
15 PLN NTT. 
16 PLN NTT. 
17 “Rencana Usaha Penyediaan Tenaga Listrik (Power Supply Business Plan), 2012-2021,” PLN. 
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Figure 8.  Sumba's electricity grid.  
Source: PLN data compiled by Winrock International and “Fuel Independent Renewable Energy ‘Iconic Island’, Preliminary 

Resource Assessment of Sumba and Buru Islands – Indonesia,” Winrock International, August 2010. 

A Winrock analysis from 2009 data indicates that the generation cost of medium voltage power 
amounts to IDR 2,433 ($0.21) per kWh, while low voltage production cost was IDR 3,072 per kWh 
($0.26).18 The selling price of electricity was IDR 900 ($0.08) per kWh.19 As a result the 
Government of Indonesia incurred a loss of roughly IDR 1,533 per kWh ($0.13) sold on Sumba at 
that time (assuming medium voltage and IDR 12,000 to $1.00). The high speed diesel fuel 
component contributed about 75% to the cost of power generation at medium voltage 

5.3 Ongoing Projects and Plans 
With the evolution of the SII initiative alongside other donor-led programs and PLN’s own 
activities, a range of new projects and planning documents exist. Coordination and planning amongst 
these efforts have not always been well aligned, though efforts such as this report and related 
collaborations are intended to facilitate future coordination. 

                                                 
18 “Fuel Independent Renewable Energy ‘Iconic Island’, Preliminary Resource Assessment of Sumba and Buru Islands – 
Indonesia,” Winrock International, August 2010. 
19 “Scaling Up Renewable Energy Access in Eastern Indonesia, Inception Report,” ADB, November 18, 2013. 
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PLN’s primary planning document, the Rencana Usaha Penyediaan Tenaga Listrik (RUPTL) or 
Power Supply Business Plan for 2012-2021, forecasts demand growth and provides long term plans 
for how PLN will meet it.  In the plan, PLN anticipates a growth in peak demand from 4.6 MW in 
2012 to 16.4 MW in 2020, and expects that roughly 41% of the 2020 peak demand will be met with 
diesel generation, and only 0.5 MW will come from “hybrid power.”  Since the release of the 
RUPTL, however, demand has been stronger than planned and PLN has revised its planning to better 
align with SII objectives and ongoing activities. 

In particular, PLN now plans to install approximately 1.8 MW of solar PV capacity for isolated 
community systems, which will likely be interconnected with the grid over time.20  In addition, PLN 
plans to add 6.5 MW of grid-connected solar power at sites in Bilacenge, Waingapu, and Laipori 
over the next two years, and bring the total hydro capacity in Sumba to 10.4 MW by 2016.21 

Specific ongoing or planned efforts included in these new PLN plans for Sumba include: 

• Full integration of the existing 500 kW solar PV smart grid facility at Bilacenge 

• 2x400 kW expansion of the 2.4 MW Lokomboro hydro facility 

• 1000 Island Project, through which the Government of Indonesia and the World Bank are 
implementing an integrated RE mapping and planning program in various locations in eastern 
Indonesia. 

5.4 Waikabubak Grid 
According to PLN records, the Waikabubak system had a nighttime peak load of 4.5 MW and a 
daytime peak load of 3.2 MW in June of 2013 (Table 7). Data from 2011, as shown in Figure 9, 
shows a nighttime peak load of roughly 3.3 MW, indicating a 36% increase over two years.  
Assuming this growth rate remains constant, by 2020, the peak load could be expected to be 14.6 
MW with a base load of 8 MW.  Currently, the load is served by a mix of PLN owned diesel 
generators, rented generators, and the hydro facility at Lokomboro. PLN is in the process of 
completing construction of 2x400 kW of new capacity at the hydro facility. In addition, although not 
included in PLN’s daytime load data shown in Table 7, the 500 kW solar facility at Bilacenge is 
operational; PLN is limiting the amount of electricity it supplies to the grid to avoid potential issues 
with fluctuations in supply. 

                                                 
20 “Scaling Up Renewable Energy Access in Eastern Indonesia, Inception Report,” ADB, November 18, 2013. 
21 “Scaling Up Renewable Energy Access in Eastern Indonesia, Inception Report,” ADB, November 18, 2013. 
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Table 7.  Waikabubak System Supply (June 2013) 
Source: PLN NTT 

 

 

Figure 9. Typical load pattern for Waikabubak grid. 
Source: “Sumba Iconic Island Report – Grid Connected Electricity Generation,” Hivos (KEMA), April 2011. 
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5.5 Waingapu Grid 
The Waingapu system had a nighttime peak load of 4.8 MW and daytime peak load of 2.7 MW in 
June of 2013 (Table 8).  The data from 2011 in Figure 10 shows a nighttime peak load of 
approximately 3.65 MW, indicating a 32% increase over two years.  Extrapolating this out to 2020, 
the base load then would be 6.8 MW and the peak load would be 13.9 MW. 

Table 8.  Waingapu System Supply (June 2013) 
Source: PLN NTT 

 

 
Figure 10. Typical load Pattern for Waingapu Grid. 

Source:“Sumba Iconic Island Report - Grid Connected Electricity Generation,” Hivos (KEMA), April 2011. 

5.6 Wind Potential 
Initial efforts to characterize Sumba’s wind potential began as early as 1995.  At least three 
assessments of the wind potential have been produced, beginning with one developed by NREL with 
funding from LAPAN (Indonesian Government Space Agency) and BPPT (Agency for the 
Assessment and Application Technology). The assessment combined meso-scale and meteorological 
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tower based data to produce a map to highlight the areas of high wind potential in NTT Province.  In 
addition, assessments by AWS Truepower with funding from the Dutch government and by 
Castlerock Consulting for ADB using the online 3Tier wind resource mapping tool have been 
conducted to provide further analysis of Sumba’s wind potential.22 

Each of these assessments indicated that Sumba’s wind resources could be strong enough to be 
economically viable, with the highest estimated wind speeds ranging from 6.5 m/s to 8.2 m/s on an 
annual average basis. However the results of the studies are inconsistent in terms of peak wind 
speeds and best locations, and thus highlight the importance of collecting and analyzing robust on-
site data for a reliable wind resource assessment and site selection for project build-out. 

 

Figure 11.  Wind potential map of Sumba.  
Source: AWS Truepower 

Accordingly, Hivos funded Winrock to perform a more detailed resource assessment of three 
potential wind generation sites on Sumba: Hambapreing/Tanjung Mondu, Palakahembi/Laepori, and 
Lawola.  

While these wind sites do not necessarily have the best theoretical wind potential according to the 
various meso-scale assessments conducted, on-site wind measurements support the availability of 
good wind potential. The sites located at Hambapraing and Palakahembi are located close to PLN 
medium voltage grids (20 kV) and offer relatively easy access with mostly straight tarmac roads 
from the harbor at Waingapu, which is important if large turbines need to be off-loaded onto the 
island. The third site, Lawola, is expected to have the best wind resource, but the local grid is 
relatively far from this site. Nevertheless, this site was included in Hivos’ assessment due to its 

                                                 
22 “Scaling Up Renewable Energy Access in Eastern Indonesia, Inception Report,” ADB, November 18, 2013. 
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proximity to the Lukat waterfall (about 2.5 km away), which offers the potential to combine hydro 
and wind resources in one system and justify the cost of grid extension, along with easing associated 
integration challenges and reducing the need for expensive diesel generated power.  

These three sites have a total estimated potential of roughly 130 MW to 181 MW (Table 9).  
Comparing this to the total installed diesel generator capacity of 11 MW, it is reasonable to conclude 
that wind energy could play a significant role in the future electrification of Sumba. In order to pin 
point the best locations for both resource availability and grid integration, ‘micro siting’ analyses 
based on at least one year of high quality wind data is required. Further, putting this potential 
renewable generation capacity in context, it is understandable that the SII long-term goal is for 
complete RE power for the entire island, especially when combined with hydro and PV. Achieving 
such an ambitious goal would also require significant energy storage and grid integration to 
accommodate the various intermittent renewables along with hydro. 

Table 9.  Potential Wind Sites and Predicted Power 

Site Name Windspeed 
(m3/s) 

Available Area 
(m2) 

Predicted Power 
(MegaWatt) 

Hambapreign/Tanjung 
Mondu 

5.0 - 5.5 6,362,737 15.11 - 20.11 
33.0 - 47.0 

5.5 - 6.3 5,663,640 17.90 - 26.90 
Palakahembi/Laepori 5.0 - 5.5 9,850,657 23.40 - 31.13 23.40 - 31.13 

Lawola 
5.5 - 6.3 10,012,499 31.64 - 47.56 

72.29 - 103.13 6.3 - 7.0 1,123,763 5.34 - 7.32 
8.2 - 9.1 3,371,290 35.31 - 48.26 

 
5.6.1 Hambapraing Wind Project 
Based on the results of the assessment discussed above, which took into account wind speeds, 
accessibility, and proximity to the existing electrical grid among other factors, Hivos selected the site 
at Hambapreing/Tanjung Mondu (Figure 12) for a detailed site assessment and potential expansion 
into a wind generation site. 
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Figure 12.  The Hambapraing site and surrounding area. 

The Hambapraing wind project is designed for two phases. The first phase is currently ongoing, and 
its results will be used to determine the specific approaches and activities to be undertaken in Phase 
II. Phase I is focused on designing, installing, and assessing the performance of a 660 kW wind 
tower and flywheel system at the site (Figure 12). 
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A 33 m meteorological tower was erected at the site in 2012, where it has been continually gathering 
wind speed data ever since. The results of the data collection conducted from July 1, 2012 to 
November 1, 2014 are shown in Table 10. Calculated power production distribution with the 
particular turbine identified (Vestas V47, 660 kW nameplate capacity) is shown in Figure 13. 
Individual annual results and other data can be found in Appendix C. 

Table 10. Summary Measurement Results (July 1, 2012 – November 1, 2014) 

 

 

Figure 13. Energy generation estimates. 
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Installation of the wind turbine and flywheel are planned for the fourth quarter of 2015. 23 It will 
serve as a pilot project for all of SII’s partners to demonstrate the viability of integrating an 
intermittent RE source on the grid with the aid of a flywheel to manage fluctuations.  One 
component of the project includes training for PLN personnel to develop institutional knowledge on 
the operation and use of flywheels and intermittent RE sources connected to electricity grids. 

Prior to the installation of the turbine, the SERIG project will support a grid integration study to 
verify and fine-tune initial high-level assessments to ensure appropriate system design and 
functionality.  This study is expected to be completed by May 2015. This analysis is essential for 
eventual deployment of hardware and will provide a baseline metric to monitor and verify 
performance after installation.  

The wind turbine will be owned and operated by PT Sumberdaya Sewatama, an Indonesian IPP.  
Hivos and Sewatama have agreed to a memorandum of understanding through which Hivos and its 
partners will provide support for the project’s development.  In addition, Hivos has signed an 
memorandum of understanding and obtained additional support via ministerial decree from local 
government offices, including the East Sumba PLN branch office, to facilitate special planning for 
SII projects; in particular, negotiations for non-commercial electricity pricing may be conducted 
outside of the standard PLN procedures.  

Sewatama is in the process of negotiating the purchase price of the grid-connected electricity with 
PLN through such a special PPA mechanism.  Sewatama has established a target electricity sales 
price of IDR 2,750/kWh based on calculations of the project’s anticipated costs. To help encourage 
the involvement of private companies such as Sewatama, DANIDA has agreed to provide funding to 
help bridge the gap between Sewatama’s funding requirements should PLN’s final price not match 
the target price. This is similar to viability gap financing (VGF) discussed in the next section 
regarding possible incentives for private investment on Sabu Island. 

Phase II of the project is planned to commence in the second quarter of 2017 after analyzing the 
performance of the system during Phase I. Initial plans are for Sewatama to install 3-4 MW of wind 
power at the Hambapraing site under an IPP agreement with PLN.  Ideally, the second phase would 
be fully commercially funded, with no external funding required. 

Discussions with various experts within the RE community in Indonesia indicate that the 
Government of Indonesia will release a new FiT based on avoided costs in the second quarter of 
2015. A price of $0.20 - $0.25/kWh for wind power has been recommended to the GOI for 
consideration.  If a price in this range is instituted, commercial financing may be realistic, but if not, 
external funding sources may be needed.  

                                                 

23 Since the original writing of this document in late 2014, the targeted wind turbine for installation and performance 
assessment has changed to a 850 kW Vestas V52. 
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6 Analysis of Financial Returns for Lamandau and Sabu 
Previous sections discussed the economic viability of projects from the perspective of the utility. In 
this section, an analysis of potential financial performance is presented to explore the attractiveness 
of the proposed projects in Lamandau and Sabu to possible developers who would act as IPPs and 
sell the power from the project to the utility. This type of financial analysis can be a helpful 
complement to techno-economic analysis of RE projects by using country-specific taxation and 
financing policies and figures. Financial analyses are presented below for each project case. In each 
section, the inputs and results are described and a sensitivity analysis and discussion is presented. 

For the projects in Lamandau and Sabu outlined in this report, pro forma cash flow analyses 
(Appendix E) were developed to determine the potential financial return to investors, using a tool 
developed by NREL called the System Advisor Model (SAM). SAM is software that combines 
energy performance models with financial models to present industry standard financial metrics. 
HOMER is used in this analysis to create a cost-optimized system design for each island hybrid 
system considering all relevant generators and system components. SAM takes the HOMER results 
of the RE generators and evaluates the returns as if the projects were developed and owned by an 
IPP selling power to PLN through a PPA. This way the financial analysis accounts for the renewable 
output given the complex microgrid behavior. 

The results below present an intentionally conservative analysis that was conducted using no tax 
incentives. There are relatively complex tax incentives for RE investments in Indonesia that could 
improve the financial performance of these projects. These include investment tax credits, 
moderately accelerated depreciation (double-declining), a corporate income tax holiday for up to 10 
years, and a value added tax holiday in certain cases.24 Additional research into the eligibility and 
application of such incentives should be conducted in subsequent studies to determine the 
incentivized financial returns for each project. Such level of detail is necessary for project-specific 
investment decisions.  

Financial analyses of this kind typically involve a number of output metrics including IRR and NPV. 
Each has its own merits as indicators of financial performance, and each is affected by input 
assumptions in their own ways. IRR is a very common measure of financial performance, and 
represents the intrinsic rate of return of a defined series of values—in this case after-tax cash flows 
to equity holders. The IRR can be measured at any point in a project’s life; however, it is most 
common to present IRR for the entire project life—in these cases 20 years. Similarly, NPV is most 
often calculated over the entire project life, but can also be represented cumulatively at any point in a 
project’s life. Furthermore, NPV is a very good measure of financial performance because it 
represents the value a project would generate above (or below) an alternative investment with a 
return defined by the discount rate (often called the opportunity cost of capital). In these cases, we 
are considering a private developer with a target equity return of 14% where this developer could 
invest capital in an alternative investment and generate a 14% return. The NPV of these projects, 
discounted with this rate, would show by how much additional (or lower) value these projects would 
return compared to the alternative investment. Both IRR and NPV account for the “time value of 
money,” meaning, a dollar today is worth more than a dollar ten years from now. Discounted cash 
                                                 
24 Power in Indonesia: Investment and Taxation Guide. (2013) Jakarta, Indonesia: PWC Indonesia. Accessed December 
4, 2014: http://www.pwc.com/id/en/publications/assets/electricity-guide-2013.pdf. pp. 90-91. 

http://www.pwc.com/id/en/publications/assets/electricity-guide-2013.pdf
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flows take into account the “time value of money” by representing values in any year as present 
values, thus enabling the analyst to compare returns to investments on a comparable basis.  

6.1 Lamandau Biogas Financial Return 
The analysis produced above using HOMER presented results from the perspective of the utility 
assuming it would purchase power through a FiT mechanism from an independent power producer. 
The results indicate that the utility would benefit from building a transmission line extension to the 
two proposed POME plants and purchasing power under the FiT rather than producing the power 
from diesel generators. The economic results indicate that the utility should consider building the 
line extension and buying the power because it will save PLN approximately $31 million in total 
life-cycle savings over a 25-year period. 

The HOMER simulation presented technical results for a 3,500 kW POME digester that would 
produce 19.5 MWh annually, implying a capacity factor of 64%. The financial model assumes there 
are no degradation and no capital replacements, and accounts for routine parts replacement in the 
annual O&M expenses of $439,000. Total installed capital costs come to $8.78M given a cost per 
Watt of $2.51. Taking a private developer’s perspective, SAM was set to solve for after-tax IRR 
given a specified FiT of $0.1138 for biogas projects. This FiT uses the regulated medium voltage 
base rate of IDR 1,050/kWh, the 1.3 multiplier for Kalimantan and an exchange rate of IDR 12,000 
per USD. 

The financial analysis assumes 4.4% inflation25 over a 20 year analysis period and uses Indonesia’s 
federal corporate tax rate of 25%.26 The model discounts after-tax cash flows at the target equity 
return of 14% (on a real basis). A constant debt service coverage ratio (DSCR) of 2.0 is assumed, 
and the cost of project term debt is 8% for 18 years. Ninety percent of initial capital assets are 
depreciated on a 15-year straight line basis.  

The inputs described above represent the reference case. In addition, the analysis examined an 
optimistic and conservative case by increasing and decreasing selected inputs by 5%. A table 
containing all inputs for each case is shown in Appendix A. The results for each are presented below 
in Table 11 and cash flows for each are presented in Figure 14. The results indicate that this is a very 
attractive project for an investor. Furthermore, returns are relatively stable even given conservative 
inputs. The reference case assumptions result in an after-tax IRR of 50.2%.  

For the reference case, the IRR is 50%; for the optimistic case, the IRR is undefined due to 
extremely heavy leveraging; and for the conservative case the IRR is 23.5%. This implies that even 
under fairly conservative input assumptions the project still delivers a reasonable after-tax return to 
equity holders. Figure 15 shows the relative sensitivity of project NPV to selected inputs assuming 
they all vary by +/- 10%. Capacity factor is clearly the most sensitive input variable followed by cost 
per watt, while DSCR and the interest rate are equally sensitive. 

                                                 
25 World Bank Data: Inflation, GDP deflator (annual %). World Bank, 2014. Accessed December 4, 2014: 
http://data.worldbank.org/indicator/NY.GDP.DEFL.KD.ZG.  
26 Power in Indonesia: Investment and Taxation Guide. (2013) Jakarta, Indonesia: PWC Indonesia. Accessed December 
4,2014: http://www.pwc.com/id/en/publications/assets/electricity-guide-2013.pdf. pp. 64. 

http://data.worldbank.org/indicator/NY.GDP.DEFL.KD.ZG
http://www.pwc.com/id/en/publications/assets/electricity-guide-2013.pdf
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Table 11. Financial Results for Lamandau POME 
Metric Reference Optimistic Conservative 

Annual energy 19,456,682 kWh 20,428,756 kWh 18,484,916 kWh 
Capacity factor 63.50% 66.60% 60.30% 
First year kWhAC/kWDC 5,559 5,837 5,281 
PPA price (Year 1) 0.1138 $/kWh 0.1138 $/kWh 0.1138 $/kWh 
PPA price escalation 0.00% 0.00% 0.00% 
Levelized PPA price (nominal) 0.1138 $/kWh 0.1138 $/kWh 0.1138 $/kWh 
Initial cost $8,953,560  $8,488,270  $9,398,305  
Equity $1,362,494  $16,824  $2,641,428  
Debt $7,591,066  $8,471,446  $6,756,878  
Debt fraction 84.78% 99.80% 71.89% 

 

 

Figure 14. Project cash flows for Lamandau POME. 
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Figure 15. NPV sensitivity to discount rates for Lamandau POME. 

A tornado chart (Figure 16) shows the change in a chosen output metric given a positive and 
negative change in selected inputs. Typically, the percentage change is identical across selected 
inputs so that the relative sensitivity of the output may be discerned. The color of the bars show the 
positive or negative change of the selected input: a red bar indicates an increase in the input value, 
while a gray bar indicates a decrease in the input value. The direction of the bar from the axis shows 
the directional change in value of the output metric. For example, if the cost per Watt increases, the 
NPV would go down. This is shown by a red bar on the left of the axis. Alternatively, if the capacity 
factor goes up, the NPV would go up. This is shown by the red bar on the right of the axis. 

 

Figure 16. Tornado chart of selected inputs for Lamandau POME. 
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6.2 Sabu Island PV Financial Return  
The HOMER simulation presented technical results for a 350kW PV system that would produce 715 
MWh annually, implying a capacity factor of 23.32%. The financial model assumes 0.8% 
degradation per year, an inverter replacement in year 15 at $0.1125/W, and assumes an annual O&M 
expense of $10,150. Total installed capital costs come to $1.575M given a cost per watt of $4.50. 
SAM was set to solve for after-tax IRR given a projected FiT of $0.20/kWh for PV projects. This 
relatively conservative FiT is below the stipulated ceiling price of $0.25 and assumes that bids for 
PV-only systems may come in under this ceiling. It is worth noting that a system of this size might 
not be attractive to developers. Instead, smaller projects like this could be pursued by interested 
NGOs or similar organizations, or several smaller projects may need to be “bundled” in order to 
appeal to a private developer. 

The financial analysis assumes 4.4% inflation27 over a 20-year analysis period and uses Indonesia’s 
federal corporate tax rate of 25%.28 The model discounts after-tax cash flows at the target equity 
return of 14% (on a real basis). A constant DSCR of 1.3 is assumed, and the cost of project term debt 
is 8% for 18 years. Ninety percent of initial capital assets are depreciated on a 15-year straight line 
basis.  

In addition to the reference, optimistic and conservative cases, this analysis presents a case that 
includes VGF. Under the VGF scenario, reference case assumptions are held while a grant value as a 
percentage of capital costs is increased to the point where the target after-tax IRR is achieved. For 
this case, a grant of 43.6% of capital costs (or $687,000) would be required to deliver the target IRR 
of 14%. The results for each are presented below in Table 12 and cash flows for each are presented 
in Figure 17. The results indicate that this is a fairly unattractive project for an investor due to large 
capital costs for PV and comparatively low capacity utilization. An after-tax IRR of -3% and an 
NPV of -$585,000 at a discount rate of 14%, are not likely to entice investors unless VGF could be 
secured to increase after-tax returns. This analysis may be helpful in justifying the need for 
alternative funding to develop the proposed project.29 

As in the Lamandau POME case above, undefined IRRs are solved for using zero-NPVs. Figure 19 
shows the discount rate (or IRR) on the x-axis when NPV equals zero for the various Sabu PV cases. 
For the reference case, the after-tax IRR is -1.5%; for the optimistic case, the IRR is 1%; for the 
conservative case the IRR is -3%; and for the VGF case the IRR is 14%. Figure 20 shows the 
relative sensitivity of project NPV to selected inputs assuming they all vary by +/- 10%. Cost per 
watt is clearly the most sensitive input variable followed by capacity factor. This is because PV 
projects are very capital intensive and all costs occur in year one of the project, meaning they are 
undiscounted in the NPV calculation.  

                                                 
27 World Bank Data: Inflation, GDP deflator (annual %). World Bank, 2014. Accessed December 4, 2014: 
http://data.worldbank.org/indicator/NY.GDP.DEFL.KD.ZG. 
28 Power in Indonesia: Investment and Taxation Guide. (2013) Jakarta, Indonesia: PWC Indonesia. Accessed December 
4, 2014: http://www.pwc.com/id/en/publications/assets/electricity-guide-2013.pdf. pp. 64. 
29 Despite these results from an IPP perspective, installing PV would still be an overall cost savings as compared to the 
base case of diesel-only, which could be achieved by PLN if they installed, owned, and operated the PV-diesel hybrid 
system.  

http://data.worldbank.org/indicator/NY.GDP.DEFL.KD.ZG
http://www.pwc.com/id/en/publications/assets/electricity-guide-2013.pdf
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Table 12. Financial Results for Sabu PV 

Metric Reference Optimistic Conservative VGF 

Annual energy 715,022 kWh 750,863 kWh 679,426 kWh 715,022 kWh 
Capacity factor 23.30% 24.50% 22.20% 23.30% 
First year kWhAC/kWDC 2,043 2,145 1,941 2,043 
PPA price (Year 1) 0.20 $/kWh 0.20 $/kWh 0.20 $/kWh 0.20 $/kWh 
PPA price escalation 0.00% 0.00% 0.00% 0.00% 
Net present value ($585,085) ($418,769) ($750,231) ($42,631) 
Initial cost $1,606,500  $1,526,462  $1,690,266  $1,606,500  
Equity $750,743  $587,559  $912,894  $64,043  
Debt $855,757  $938,903  $777,372  $855,757  
Debt fraction 53.27% 61.51% 45.99% 93.04% 
 

 

Figure 17. Project cash flows for Sabu PV. 
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Figure 18. NPV sensitivity to discount rates for Sabu PV. 

 

Figure 19. Tornado chart of selected inputs for Sabu PV.  
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6.3 Sabu Island PV-Battery Financial Return 
The HOMER simulation presented technical results for a 1,000 kW hybrid PV-battery system that 
would produce 2,043 MWh annually, implying a capacity factor of 23.32%. The financial model 
assumes 0.8% degradation per year, an inverter replacement in year 15 at $0.1125/W, and battery 
replacement in year 16 at $0.2827/W. The model assumes an annual O&M expense of $10,150, and 
total installed capital costs of $4.77M given a cost per watt of $4.50 and battery capital costs of 
$270,000. SAM was set to solve for after-tax IRR given a projected FiT of $0.25/kWh for a hybrid 
PV-battery project.  

The financial analysis assumes 4.4% inflation30 over a 20-year analysis period and uses Indonesia’s 
federal corporate tax rate of 25%.31 The model discounts after-tax cash flows at the target equity 
return of 14% (on a real basis). A constant DSCR of 1.3 is assumed, and the cost of project term debt 
is 8% for 18 years. Ninety percent of initial capital assets are depreciated on a 15-year straight line 
basis.  

As in the analyses above, four different cases were considered: reference, optimistic, conservative, 
and VGF scenarios. For this project, a grant of 36% of capital costs (or $1.717M) would be required 
to deliver the target IRR of 14%. The results for each are presented below in Table 13 and cash 
flows for each are presented in Figure 20. The results indicate that this is a fairly unattractive project 
for an investor due to large capital costs for PV and comparatively low capacity factor utilization. 
An after-tax IRR of 0.2% and an NPV of ($1,489,000) at a discount rate of 14% are not likely to 
entice investors unless VGF could be secured to increase after-tax returns.  

Table 13. Financial Results for Sabu Hybrid PV-Battery 

Metric Reference Optimistic Conservative VGF 

Annual energy 2,043,007 kWh 2,145,324 kWh 1,941,216 kWh 2,043,007 kWh 
Capacity factor 23.30% 24.50% 22.20% 23.30% 
First year kWhAC/kWDC 2,043 2,145 1,941 2,043 
PPA price (Year 1) 0.25 $/kWh 0.25 $/kWh 0.25 $/kWh 0.25 $/kWh 
PPA price escalation 0.00% 0.00% 0.00% 0.00% 
Levelized PPA price (nominal) 0.2517 $/kWh 0.2517 $/kWh 0.2517 $/kWh 0.2517 $/kWh 
Initial cost $4,865,400  $4,636,450  $5,105,000  $4,865,400  
Equity $1,976,412  $1,446,200  $2,500,282  $259,212  
Debt $2,888,989  $3,190,250  $2,604,718  $2,888,989  
Debt fraction 59.38% 68.81% 51.02% 91.77% 

 

                                                 
30 World Bank Data: Inflation, GDP deflator (annual %). World Bank, 2014. Accessed December 4, 2014: 
http://data.worldbank.org/indicator/NY.GDP.DEFL.KD.ZG. 
31 Power in Indonesia: Investment and Taxation Guide. (2013) Jakarta, Indonesia: PWC Indonesia. Accessed December 
4,2014: http://www.pwc.com/id/en/publications/assets/electricity-guide-2013.pdf. pp. 64. 

http://data.worldbank.org/indicator/NY.GDP.DEFL.KD.ZG
http://www.pwc.com/id/en/publications/assets/electricity-guide-2013.pdf
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Figure 20. Project Cash Flows for Sabu Hybrid PV-Battery 

As in the projects above, undefined IRRs are solved for using zero-NPVs. Figure 21 shows the 
discount rate (or IRR) on the x-axis when NPV equals zero for the various Sabu hybrid PV-battery 
cases. For the reference case, the after-tax IRR is 0.2%; for the optimistic case, the IRR is 3.2%; for 
the conservative case the IRR is -1.9%; and for the VGF case the IRR is 13.95%. The results of the 
sensitivity analysis shown in the tornado chart in Figure 22 depict the same sensitivities as the PV-
only case presented above: high capital costs and relatively low capacity utilization hurt the financial 
returns of PV projects.  

 

Figure 21. NPV sensitivity to discount rates for Sabu hybrid PV-battery. 
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Figure 22. Tornado chart of selected inputs for Sabu hybrid PV-battery. 

6.4 An Alternative Perspective 
So far, this analysis has examined the financial returns from an IPP perspective. Recognizing the 
possibility that PLN could choose to develop a project like this, the single-variable sensitivity 
analysis below presents the sensitivity of the project NPV to PLN at different PPA prices. In this 
case, PPA price can be used as a proxy for opportunity cost of electricity generation (for marginal 
generation cost, or levelized cost depending on the alternative scenario considered). If, for example, 
PLN had to weigh a PV investment against building new diesel capacity, the generation cost of 
$0.39/kWh for new diesel could be used.32 In that case, PLN would realize an NPV of $475,000. If, 
on the other hand, the PV system would offset existing diesel at a marginal generation cost of 
$0.30/kWh, the NPV of that investment would be -$55,000. These NPV values are calculated using 
the target equity return of 14% for the discount rate. This is likely very high compared to a discount 
rate PLN might use, which would therefore improve the results significantly. This type of analysis is 
useful for comparing the attractiveness of this type of investment against a wide variety of possible 
alternate investments.  

                                                 
32 Statistik PLN 2013, page 62 (http://www.pln.co.id/blog/laporan-statistik/) 

http://www.pln.co.id/blog/laporan-statistik/
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Figure 23. Sensitivity of NPV to PPA price for Sabu PV.  
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7 Conclusions and Next Steps 
The SERIG team selected three different locations for enhanced analysis: Lamandau, Sabu, and 
Sumba. Each site has unique RE resource characteristics, existing infrastructure, load profiles, and 
institutional considerations. These three sites represent a wide range of technologies and investment 
perspectives that, collectively, can provide important best practice demonstrations for replication and 
regional and national impact. 

The three selected SERIG sites all show, to varying degrees, technical and economic feasibility from 
enhanced RE and energy efficiency investment to displace diesel generation. Though each project 
will require a different mix of technologies and confront unique, site-specific challenges, there are 
important commonalities and similarities that provide a general project development framework for 
broad deployment. 

From a technical perspective, integrating large amounts of intermittent RE resources such as wind 
and solar on isolated diesel microgrids poses a significant challenge. The techno-economic 
feasibility analyses performed to date identify an optimum hybrid technology mix for each project 
given available data such as loads and load growth, locally available renewable resources, and 
existing diesel genset configuration. This report takes the techno-economic analyses one step further 
by feeding these outputs into conventional assessments of financial return that would typically be 
conducted by private investors.  

Small individual projects often do not receive this level of detailed evaluation by private investors 
because such assessments are data- and time-intensive, and hence, costly. This report is an attempt to 
reduce these and associated start-up and transaction costs, and accelerate the development process, 
by defining optimum investment prospects in terms of size and type of project. Along with financial 
analysis, the SERIG team aims to facilitate project development through stakeholder outreach and 
institutional cooperation, i.e., bringing all the necessary entities together to identify opportunities and 
unmet needs.    

All three locations are experiencing significant load growth. This adds complexity to planning for 
new system hardware but also provides incentive to properly scale and integrate a RE-diesel hybrid 
system to maximize diesel displacement. Consistent with conventional wisdom within the energy 
industry, the assessments conducted here show that smaller and more variable, less dispatchable RE 
hybrid systems, such as PV-diesel on Sabu Island, are less economically attractive than, for example, 
biogas from POME in Lamandau. Sumba Island, which is the largest of the three sites, has several 
different RE opportunities that are in various stages of development, with dispatchable hydro 
currently the most prominent and receiving the most investment, but recent assessments show a 
substantial amount of windpower potential. Integrating windpower into Sumba’s grid is the focus of 
our SERIG initiative on that island. 

Table 14 summarizes the financial analysis for a 3.5 MWe POME biogas project in Lamandau, a 350 
kW PV system with no batteries on Sabu Island, and a 1 MW PV system with 461 kWh of lead acid 
batteries on Sabu Island. For brevity, only the base case assumptions for all three projects are 
presented here, though additional sensitivity analysis was performed and presented in Section 6.4. It 
should be noted that capacity factor and cost-effectiveness of installation, represented by $/Watt, 
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were identified as the variables that most impact the ultimate attractiveness of these projects for 
private investment.  

Table 14. Financial Analysis Summary of Three Projects with Base Case Assumptions 

Proposed Location 
and System 

FiT     
($/kWh) 

NPV IRR 
(base 
case) 

Capital 
Cost 

LCOE 
($/kWh) 

VGF for 
14% IRR 

Lamandau – POME 
biogas, 3.5 MWe 

$0.1138 $2.021M 50.2% $8.78M $0.0106 ---- 

Sabu – 350 kW, no 
batteries 

$0.20 ($585,000) -3% $1.575M $0.3097 $687,000 

Sabu – 1,000 kW, 
with 461 kWh 
batteries 

$0.25 ($1.5M) 0.2% $4.77M $0.3047 $1.489M 

 
The Lamandau POME biogas project is by far the largest and potentially most lucrative investment 
of the three proposed projects (this does not include Sumba, which did not receive the same financial 
analysis, and is discussed briefly below). The Lamandau project is most attractive for several 
reasons, including, as previously mentioned, the economy of scale afforded by the larger size of the 
project and the dispatchability of biogas as a direct substitute for diesel generation. Biogas in a tank 
is essentially stored energy, whereas storage for PV must be accomplished with batteries or a related 
technology, which is much more expensive, and PV production in general (during the day) does not 
align well with peak loads (at night).  

It should also be noted that the FiT on Sabu for PV with batteries is assumed to be higher 
($0.25/kWh) than PV without batteries ($0.20/kWh). This is because the capital cost and the value of 
the PV power with batteries is also higher; the batteries provide grid stabilizing services (essentially, 
ramp rate reductions) and some peak time shifting. In other words, some of the PV power generated 
during the day is stored until the sun goes down when peak demand ramps up. This is limited by the 
size of the battery bank recommended by the HOMER analysis. 

The VGF column in Table 14 represents the amount of capital expense that would need to be 
covered by outside funding, such as a grant, to provide for the targeted 14% IRR. The IRR can be 
viewed as profit that a private investor would need to realize in order to be willing to invest in such a 
project.  POME in Lamandau does not require VGF, though both configurations of PV on Sabu 
would. Nonetheless, PV on Sabu, with or without batteries, is cost-effective in comparison to diesel 
generation under a broad range of assumptions. This conclusion points to a potential alternative 
investment approach for Sabu Island, specifically, not a private investor looking for a 14% return, 
but rather, PLN looking to cost-effectively displace diesel fuel. Further, this points to the potential 
role of outside funding agencies such as MCA-I or DANIDA to provide gap funding in the most 
(financially) challenging circumstances. In other words, private investment should not need much (or 
any) additional encouragement in Lamandau; however in Sabu, a “business case” model may require 
an alternative mix of private and public investment and a focus on cost savings from diesel 
displacement as compared to an internal rate of return.  
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While this will be addressed in more detail in the final SERIG report, a nation-wide FiT, even with 
regional multipliers, may not accurately represent either the cost of developing RE in certain places 
or the avoided cost of diesel generation in those locations. With the FiT in Sabu as a case in point, 
the analysis presented here results in a negative NPV under most assumptions and system 
configurations. However, if the FiT is altered, which may be justified if the cost of diesel generated 
electricity in this remote, small system is on the higher end of estimated prices (perhaps as much as 
$0.60/kWh), the financial analysis would show a more attractive investment opportunity and/or a 
smaller VGF needed. At a minimum, more precise information on site-specific generation costs 
would be helpful to better understand the opportunity presented by RE hybrid systems resulting in 
diesel fuel displacement. This could be useful to private investors, PLN, and outside funders for 
decision-making, especially in high cost remote locations. 

On a related note, though not represented in Table 14, the current state of financial analysis for 
Sumba (not conducted by the SERIG team) has identified a target FiT of IDR 2,750/kWh 
($0.2292/kWh) for viable private industry investment in a proposed wind and flywheel project. 
Actual FiT and related terms of agreement for the proposed wind project on Sumba are still pending, 
and depending on the outcome, VGF or a similar funding vehicle may be required in this case as 
well. Fortunately, DANIDA has expressed interest in providing such a vehicle if necessary. 

The unique situation in Sumba, which includes substantial RE resource availability and numerous 
public and private entities involved in project development, require detailed planning and 
coordination, both institutionally and technically. SERIG’s contribution to grid stability and 
integration assessments, beginning with a single wind turbine and flywheel, will help to lay the 
foundation for larger, high penetration RE-diesel hybrid systems in Sumba. Ultimately integrating 
this single wind turbine with other wind power across the island, along with short-term storage such 
as flywheels and dispatchable RE such as hydro and possibly biogas, has potential for substantial 
displacement of diesel generation on Sumba. If successful, Sumba will be a regional, national, and 
perhaps even international role model and best practice demonstration. For large-scale replication, it 
must be clearly shown that very high RE contributions to isolated diesel grids are not only 
technically feasible but cost-effective as well. 

Regarding next steps for all of the projects considered here, to more fully assess the impacts of 
recommended hybrid technology configurations on existing infrastructure, additional grid stability 
and integration studies need to be conducted. This requires sophisticated analysis and understanding 
of specific systems to address such issues that emerge from high instantaneous contribution of 
intermittent renewables into diesel-electric systems. Detailed economic analysis is also necessary to 
determine appropriate investment vehicles and opportunities. Without incorporating the results of 
more detailed studies, the new system will likely not perform as originally predicted—resulting in 
less favorable project economics and possibly even system failure.  

To underscore this, for example, the sensitivity analyses above showed that capacity factor is the 
single largest variable to impact NPV or IRR in the Lamandau biogas project; capacity factor is the 
second largest factor in Sabu PV, with or without batteries. Capacity factor is directly influenced by 
proper system design and integration of RE into the diesel grid. Hence, without a full understanding 
of how the RE production will impact diesel performance, the economic value of the RE will be 
miscalculated, and project investment will be under-utilized. 
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Along with additional grid integration studies, site- and community-specific project sustainability 
strategies will be required for long-term success of these projects. This includes a business plan, an 
ownership structure, payment mechanism, an identified “project champion” and viable business 
entity to conduct ongoing operations, maintenance, troubleshooting, bill collection, and community 
education and outreach. In some cases a private investor with very clear and aggressive financial 
incentives may be the appropriate entity, and in other cases it may be PLN or local government or a 
community-based NGO or business cooperative. Human capacity building and training of local 
people are also essential elements of a long-term sustainability strategy and need to be incorporated 
in the selected projects. In the Sumba wind project for example, it has been identified that installing 
and integrating a flywheel into PLN’s grid will require specific training and planning to maximize 
diesel displacement and system performance. Though a private developer may take the lead on this 
project, PLN will be receiving training and possibly house the flywheel in the diesel powerhouse for 
optimized system integration.  

Identifying available and appropriate financing is another necessary next step. It is possible that each 
of the three individual projects will require substantially different financing strategies, or it may be 
possible to bundle two or more of the projects to make a more attractive opportunity for a developer. 
It may also be necessary to combine the funding of these projects with a donor and/or government 
agency to provide VGF or a similar incentive. The financial challenges associated with PV 
installation on Sabu Island may point toward PLN as the appropriate project leader and beneficiary. 
Fortunately, there are several national and international public and private financing entities that are 
aware of such opportunities and support RE development in Indonesia, including MCA-I, ADB, 
DANIDA, the World Bank, and private equity investors.  

Finally, it should be noted that these analyses and project-specific recommendations are being 
conducted under existing conditions, specifically incentives and policies that are now in place. 
Current trends such as global fossil fuel price declines, combined with reduction in fossil fuel price 
subsidies in Indonesia, will likely impact financial viability and projections of specific projects, 
along with distribution of benefits and costs. The next and final SERIG report will aim to address 
these issues and examine incentives, policies, and lessons learned from the selected SERIG projects 
and other locations to leverage opportunities and offer national replication strategies for broader, 
accelerated impact. 
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Appendices 
Appendix A: Production Cost Modeling Inputs 

Table A-1. Lamandau 
System Specs and Load Reference Optimistic Conservative Units 
Capacity 3,500     kW 
Load served 19,456,678     kWh/yr 
Capacity factor 63.46% 66.63% 60.29% CF 
Generation 19,456,683     ann kWh 
Degradation 0     %/year 

     System Costs Reference Optimistic Conservative Units 
Capital Cost $8,778,000     USD 
$/W $2.51  $2.38  $2.63  USD/W 
O&M/yr $438,900 $416,955 $460,845 USD/yr 

     Financial Inputs Reference Optimistic Conservative Units 
Inflation 4.4     % 
Real discount rate 14% 13.3% 14.7% % 
Analysis period 20     years 
Target IRR 14%     % 
PPA price $0.1138      USD/kWh 
Federal tax rate 25%     % 
DSCR 2.0 

  
  

Interest rate 8% 7.60% 8.40% % 
Project debt term 18     years 
Depreciation 15-year straight-line       
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Table A-2.Sabu 
System Specs and Load Reference Optimistic Conservative Units 
Capacity 350     kW 

Load served 715,065     kWh/yr 

Capacity factor 23.32% 24.49% 22.16% CF 

Generation 715,065     ann kWh 
Degradation 0.80% 0.76% 0.84% %/year 

     System Costs Reference Optimistic Conservative Units 
Capital Cost $1,575,000     USD 
$/W $4.50  $4.28  $4.73  USD/W 

O&M/yr $10,150 $9,643 $10,658 USD/yr 

     Financial Inputs Reference Optimistic Conservative Units 
Inflation 4.4     % 
Real discount rate 14% 13.30% 14.70% % 

Analysis period 20     years 

Target IRR 14     % 

PPA price $0.20      USD/kWh 
Federal tax rate 25%     % 

DSCR 1.3 1.3 1.3   
Interest rate 8% 7.60% 8.40% % 
Project debt term 18     years 

Depreciation 15-year straight-line       

     Replacement Reference Optimistic Conservative Units 

Inverter Cost $0.1125  $0.10688 $0.11813 USD/W 

Inverter Life 15     years 

Inverter Depreciation 15-year straight-line       
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Table A-3. Sabu Hybrid PV-Battery Inputs 
System Specs and Load Reference Optimistic Conservative Units 
Capacity 1,000     kW 
Load served 2,043,045     kWh/yr 
Capacity factor 23.322% 24.49% 22.16% CF 
Generation 2,043,045     ann kWh 
Degradation 0.80% 0.76% 0.84% %/year 

     System Costs Reference Optimistic Conservative Units 
PV Capital Cost $4,500,000     USD 
$/W $4.50  $4.28  $4.73  USD/W 
Battery capital cost $270,000 $256,500 $283,500 USD 
O&M/yr $32,200 $30,590 $33,810 USD/yr 

     Financial Inputs Reference Optimistic Conservative Units 
Inflation 4.4     % 
Real discount rate 14% 13.30% 14.70% % 

Analysis period 20     years 
Target IRR 14     % 
PPA price $0.25      USD/kWh 
Federal tax rate 25%     % 
DSCR 1.3 1.3 1.3   
Interest rate 8% 7.60% 8.40% % 
Project debt term 18     years 
Depreciation 15-year straight-line       

     Replacement Reference Optimistic Conservative Units 
Inverter Cost $0.1125  $0.10688 $0.11813 USD/W 
Inverter Life 15     years 
Inverter Depreciation 15-year straight-line       

     Inverter Cost $0.28273  $0.26859 $0.29687 USD/W 
Inverter Life 16     years 
Inverter Depreciation 15-year straight-line       
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Appendix B: Cost for Biogas Plant  

 

 

Source: CIRCLE project, Winrock International. 
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Appendix C: Detailed Sumba Wind Characteristics at Hambapraing  
Table C-1.  Measurement Results (2012) for Hambapraing, Sumba Island 

 

Table C-2. Measurement Results (2013) for Hambapraing, Sumba Island 
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Table C-3.  Measurement Results (2014) for Hambapraing, Sumba Island 

 

Table C-4.  Wind Rose and Wind Speed Distribution (July 1, 2012 – November 1, 2014) for 
Hambapraing, Sumba Island 
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Figure C-1.  Wind speed distribution (October 1, 2012 – November 1 2014)  
for Hambapraing, Sumba Island. 
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Appendix D: Pro Forma  
 
3.5MW Lamandau Biogas Single Owner Cash Flow 
Operating Year 0  1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  

                      Production                                           
Annual energy (AC kWh) 

 
19,456,682 19,456,682 19,456,682 19,456,682 19,456,682 19,456,682 19,456,682 19,456,682 19,456,682 19,456,682 19,456,682 19,456,682 19,456,682 19,456,682 19,456,682 19,456,682 19,456,682 19,456,682 19,456,682 19,456,682 

                      Partial Income Statement: Project                                           
Revenues 

                     PPA 
                     Net Production (AC-kWh) 
 

19,456,682 19,456,682 19,456,682 19,456,682 19,456,682 19,456,682 19,456,682 19,456,682 19,456,682 19,456,682 19,456,682 19,456,682 19,456,682 19,456,682 19,456,682 19,456,682 19,456,682 19,456,682 19,456,682 19,456,682 
Price  (¢/kWh) 

 
11.38 11.38 11.38 11.38 11.38 11.38 11.38 11.38 11.38 11.38 11.38 11.38 11.38 11.38 11.38 11.38 11.38 11.38 11.38 11.38 

Total PPA Revenue 
 

2,214,170 2,214,170 2,214,170 2,214,170 2,214,170 2,214,170 2,214,170 2,214,170 2,214,170 2,214,170 2,214,170 2,214,170 2,214,170 2,214,170 2,214,170 2,214,170 2,214,170 2,214,170 2,214,170 2,214,170 
Production Based Incentive (included if available for debt service) 

                    Federal ($/W) 
 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
State ($/W) 

 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Utility ($/W) 
 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other ($/W) 

 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Total PBI 
 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Salvage Value 

 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Total Revenue   2,214,170 2,214,170 2,214,170 2,214,170 2,214,170 2,214,170 2,214,170 2,214,170 2,214,170 2,214,170 2,214,170 2,214,170 2,214,170 2,214,170 2,214,170 2,214,170 2,214,170 2,214,170 2,214,170 2,214,170 

                      Property tax net assessed value 
 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
                      Expenses 

                     Operation and maintenance (O&M) 
                     Fixed 
 

438,900 458,212 478,373 499,421 521,396 544,337 568,288 593,293 619,398 646,651 675,104 704,808 735,820 768,196 801,997 837,285 874,125 912,587 952,740 994,661 
Capacity 

                     Capacity (DC kW) 
 

3,500.0 3,500.0 3,500.0 3,500.0 3,500.0 3,500.0 3,500.0 3,500.0 3,500.0 3,500.0 3,500.0 3,500.0 3,500.0 3,500.0 3,500.0 3,500.0 3,500.0 3,500.0 3,500.0 3,500.0 
Fixed Cost ($/DC kW-yr) 

 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

O&M production-based expense 
 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Variable 

                     Generation (AC-MWh) 
 

19,457 19,457 19,457 19,457 19,457 19,457 19,457 19,457 19,457 19,457 19,457 19,457 19,457 19,457 19,457 19,457 19,457 19,457 19,457 19,457 
Variable Cost ($/AC-MWh) 

 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

O&M capacity-based expense 
 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Fuel (CSP, generic, and biopower only) 

                     Fuel (CSP and generic only) 
 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Biomass feedstock (Biopower only) 

 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Coal feedstock (Biopower only) 
 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Property Tax 

 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Insurance 
 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Total Expenses   438,900 458,212 478,373 499,421 521,396 544,337 568,288 593,293 619,398 646,651 675,104 704,808 735,820 768,196 801,997 837,285 874,125 912,587 952,740 994,661 

                      EBITDA (cash available for debt service)   1,775,270 1,755,959 1,735,798 1,714,749 1,692,775 1,669,833 1,645,882 1,620,878 1,594,773 1,567,519 1,539,067 1,509,362 1,478,350 1,445,974 1,412,174 1,376,886 1,340,045 1,301,584 1,261,430 1,219,509 

                      Cash Flow: Project                                           
Cash Flow from Operating Activities 

                     EBITDA 
 

1,775,270 1,755,959 1,735,798 1,714,749 1,692,775 1,669,833 1,645,882 1,620,878 1,594,773 1,567,519 1,539,067 1,509,362 1,478,350 1,445,974 1,412,174 1,376,886 1,340,045 1,301,584 1,261,430 1,219,509 
Plus: PBI (if not included above) 

                     Federal ($/W) 
 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
State ($/W) 

 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Utility ($/W) 
 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other ($/W)   0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Total 

 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Plus: Interest Earned 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Less: Interest Expense 0 -607,285 -584,857 -561,407 -536,888 -511,249 -484,438 -456,400 -427,077 -396,408 -364,329 -330,775 -295,674 -258,954 -220,536 -180,340 -138,280 -94,267 -48,207 0 0 
Total 0 1,167,985 1,171,102 1,174,390 1,177,861 1,181,525 1,185,395 1,189,482 1,193,801 1,198,365 1,203,190 1,208,292 1,213,688 1,219,397 1,225,438 1,231,834 1,238,606 1,245,778 1,253,377 1,261,430 1,219,509 

                      Cash Flows from Investing Activities 
                     Capital Costs 
                     Total installed cost -8,778,000 

                    Debt closing 0 
                    Other financing 0 
                    Construction financing -175,560 
                    Total purchase of property -8,953,560 
                    Reserve Accounts (Increase)/Decrease  

                     Debt Service Reserve 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Working Capital Reserve 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Major Equipment Reserve 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Major Equipment Reserve 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Major Equipment Reserve 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Total 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Major Equipment Replacement 
                     Major Equipment Spending 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Major Equipment Spending 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Major Equipment Spending 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Total 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Total (depreciable basis) -8,953,560 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

                      Cash Flows from Financing Activities 
                     Incentives and size of debt 
                     IBI 0 

                    CBI 0 
                    Size of debt 7,591,066 
                    Total 7,591,066 
                    Issuance of equity 1,362,494 
                    Debt principal payment 0 -280,350 -293,122 -306,491 -320,486 -335,138 -350,478 -366,541 -383,362 -400,979 -419,430 -438,758 -459,007 -480,221 -502,451 -525,747 -550,163 -575,755 -602,585 0 0 

Total 8,953,560 -280,350 -293,122 -306,491 -320,486 -335,138 -350,478 -366,541 -383,362 -400,979 -419,430 -438,758 -459,007 -480,221 -502,451 -525,747 -550,163 -575,755 -602,585 0 0 
                                            
Pre-Tax Cashflow 0 887,635 877,979 867,899 857,375 846,387 834,917 822,941 810,439 797,386 783,760 769,533 754,681 739,175 722,987 706,087 688,443 670,023 650,792 1,261,430 1,219,509 

                      Total Project Returns                                           
Total Project Returns: Pre-Tax 

                     Equity Investment -1,362,494 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Operating Cash Distributions/(Contributions) 0 887,635 877,979 867,899 857,375 846,387 834,917 822,941 810,439 797,386 783,760 769,533 754,681 739,175 722,987 706,087 688,443 670,023 650,792 1,261,430 1,219,509 
Total -1,362,494 887,635 877,979 867,899 857,375 846,387 834,917 822,941 810,439 797,386 783,760 769,533 754,681 739,175 722,987 706,087 688,443 670,023 650,792 1,261,430 1,219,509 

                      Cumulative pre-tax IRR (%) 0.00 -34.85 19.21 42.07 52.52 57.71 60.44 61.94 62.78 63.27 63.55 63.72 63.82 63.87 63.91 63.93 63.94 63.95 63.95 63.96 63.96 
                      Total Project Returns: After-Tax 

                     Cash 
                     Equity Investment -1,362,494 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Operating Cash Distributions/(Contributions) 0 887,635 877,979 867,899 857,375 846,387 834,917 822,941 810,439 797,386 783,760 769,533 754,681 739,175 722,987 706,087 688,443 670,023 650,792 1,261,430 1,219,509 
Total  -1,362,494 887,635 877,979 867,899 857,375 846,387 834,917 822,941 810,439 797,386 783,760 769,533 754,681 739,175 722,987 706,087 688,443 670,023 650,792 1,261,430 1,219,509 
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Investment Tax Credit 
                     State 
 

0 
                   Federal   0                                       

Total 
 

0 
                   Production Tax Credit 

                     State 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Federal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Total 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Tax Benefit/(Liability) 
                     State 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Federal 0 -224,912 -158,405 -159,227 -160,095 -161,011 -161,978 -163,000 -164,080 -165,221 -166,427 -167,702 -169,253 -170,479 -172,190 -173,588 -242,567 -311,445 -313,344 -315,358 -304,877 
Total 0 -224,912 -158,405 -159,227 -160,095 -161,011 -161,978 -163,000 -164,080 -165,221 -166,427 -167,702 -169,253 -170,479 -172,190 -173,588 -242,567 -311,445 -313,344 -315,358 -304,877 

Total -1,362,494 662,723 719,575 708,672 697,280 685,377 672,938 659,941 646,359 632,166 617,333 601,831 585,428 568,697 550,797 532,499 445,876 358,578 337,448 946,073 914,632 

                      NPV and IRR                                           

                      Cumulative after-tax IRR (%) 0.00 -51.36 0.95 24.56 35.97 41.95 45.27 47.20 48.35 49.06 49.50 49.77 49.95 50.06 50.13 50.18 50.20 50.21 50.22 50.24 50.25 
Maximum 0.00 0.00 0.95 24.56 35.97 41.95 45.27 47.20 48.35 49.06 49.50 49.77 49.95 50.06 50.13 50.18 50.20 50.21 50.22 50.24 50.25 

Year target IRR reached 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

                      NPV of after-tax returns 2,021,011 
                     

350kW Sabu PV Single Owner Cash Flow 
                   Operating Year 0  1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  

                      Production                                           
Annual energy (AC kWh) 

 
715,022 709,302 703,627 697,998 692,414 686,875 681,380 675,929 670,521 665,157 659,836 654,557 649,321 644,126 638,973 633,862 628,791 623,760 618,770 613,820 

                      Partial Income Statement: Project                                           
Revenues 

                     PPA 
                     Net Production (AC-kWh) 
 

715,022 709,302 703,627 697,998 692,414 686,875 681,380 675,929 670,521 665,157 659,836 654,557 649,321 644,126 638,973 633,862 628,791 623,760 618,770 613,820 
Price  (¢/kWh) 

 
20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 

Total PPA Revenue 
 

143,004 141,860 140,725 139,600 138,483 137,375 136,276 135,186 134,104 133,031 131,967 130,911 129,864 128,825 127,795 126,772 125,758 124,752 123,754 122,764 
Production Based Incentive (included if available for debt service) 

                    Federal ($/W) 
 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
State ($/W) 

 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Utility ($/W) 
 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other ($/W) 

 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Total PBI 
 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Salvage Value 

 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Total Revenue   143,004 141,860 140,725 139,600 138,483 137,375 136,276 135,186 134,104 133,031 131,967 130,911 129,864 128,825 127,795 126,772 125,758 124,752 123,754 122,764 
                      Property tax net assessed value 

 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

                      Expenses 
                     Operation and maintenance (O&M) 
                     Fixed 
 

10,150 10,597 11,063 11,550 12,058 12,588 13,142 13,720 14,324 14,954 15,612 16,299 17,017 17,765 18,547 19,363 20,215 21,104 22,033 23,003 
Capacity 

                     Capacity (DC kW) 
 

350.0 350.0 350.0 350.0 350.0 350.0 350.0 350.0 350.0 350.0 350.0 350.0 350.0 350.0 350.0 350.0 350.0 350.0 350.0 350.0 
Fixed Cost ($/DC kW-yr) 

 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

O&M production-based expense 
 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Variable 

                     Generation (AC-MWh) 
 

715 709 704 698 692 687 681 676 671 665 660 655 649 644 639 634 629 624 619 614 
Variable Cost ($/AC-MWh) 

 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

O&M capacity-based expense 
 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Fuel (CSP, generic, and biopower only) 

                     Fuel (CSP and generic only) 
 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Biomass feedstock (Biopower only) 

 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Coal feedstock (Biopower only) 
 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Property Tax 

 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Insurance 
 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Total Expenses   10,150 10,597 11,063 11,550 12,058 12,588 13,142 13,720 14,324 14,954 15,612 16,299 17,017 17,765 18,547 19,363 20,215 21,104 22,033 23,003 
                      EBITDA (cash available for debt service)   132,854 131,264 129,663 128,050 126,425 124,787 123,134 121,465 119,780 118,077 116,355 114,612 112,848 111,060 109,248 107,409 105,543 103,648 101,721 99,761 
                      Cash Flow: Project                                           
Cash Flow from Operating Activities 

                     EBITDA 
 

132,854 131,264 129,663 128,050 126,425 124,787 123,134 121,465 119,780 118,077 116,355 114,612 112,848 111,060 109,248 107,409 105,543 103,648 101,721 99,761 
Plus: PBI (if not included above) 

                     Federal ($/W) 
 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
State ($/W) 

 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Utility ($/W) 
 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other ($/W)   0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Total 

 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Plus: Interest Earned 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Less: Interest Expense 0 -67,894 -65,445 -62,899 -60,246 -57,481 -54,595 -51,579 -48,422 -45,117 -41,650 -38,011 -34,187 -30,164 -25,928 -21,463 -16,752 -11,482 -5,906 0 0 
Total 0 64,960 65,818 66,764 67,804 68,944 70,192 71,555 73,043 74,663 76,427 78,344 80,425 82,684 85,132 87,785 90,657 94,061 97,742 101,721 99,761 
                      Cash Flows from Investing Activities 

                     Capital Costs 
                     Total installed cost -1,575,000 

                    Debt closing 0 
                    Other financing 0 
                    Construction financing -31,500 
                    Total purchase of property -1,606,500 
                    Reserve Accounts (Increase)/Decrease  

                     Debt Service Reserve 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Working Capital Reserve 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Major Equipment Reserve 1 0 -4,797 -4,797 -4,797 -4,797 -4,797 -4,797 -4,797 -4,797 -4,797 -4,797 -4,797 -4,797 -4,797 -4,797 67,153 0 0 0 0 0 
Major Equipment Reserve 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Major Equipment Reserve 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Total 0 -4,797 -4,797 -4,797 -4,797 -4,797 -4,797 -4,797 -4,797 -4,797 -4,797 -4,797 -4,797 -4,797 -4,797 67,153 0 0 0 0 0 

Major Equipment Replacement 
                     Major Equipment Spending 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -71,949 0 0 0 0 0 

Major Equipment Spending 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Major Equipment Spending 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Total 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -71,949 0 0 0 0 0 

Total (depreciable basis) -1,606,500 -4,797 -4,797 -4,797 -4,797 -4,797 -4,797 -4,797 -4,797 -4,797 -4,797 -4,797 -4,797 -4,797 -4,797 -4,797 0 0 0 0 0 
                      Cash Flows from Financing Activities 

                     Incentives and size of debt 
                     IBI 0 

                    CBI 0 
                    Size of debt 848,680 
                    Total 848,680 
                    Issuance of equity 757,820 
                    Debt principal payment 0 -30,612 -31,837 -33,152 -34,564 -36,079 -37,705 -39,450 -41,323 -43,332 -45,489 -47,803 -50,287 -52,952 -55,813 -58,884 -65,871 -69,705 -73,823 0 0 

Total 1,606,500 -30,612 -31,837 -33,152 -34,564 -36,079 -37,705 -39,450 -41,323 -43,332 -45,489 -47,803 -50,287 -52,952 -55,813 -58,884 -65,871 -69,705 -73,823 0 0 
                                            
Pre-Tax Cashflow 0 29,552 29,185 28,815 28,443 28,068 27,690 27,309 26,924 26,535 26,142 25,744 25,342 24,935 24,522 24,104 24,787 24,356 23,919 101,721 99,761 
                      Total Project Returns                                           
Total Project Returns: Pre-Tax 

                     Equity Investment -757,820 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Operating Cash 

Distributions/(Contributions) 0 29,552 29,185 28,815 28,443 28,068 27,690 27,309 26,924 26,535 26,142 25,744 25,342 24,935 24,522 24,104 24,787 24,356 23,919 101,721 99,761 
Total -757,820 29,552 29,185 28,815 28,443 28,068 27,690 27,309 26,924 26,535 26,142 25,744 25,342 24,935 24,522 24,104 24,787 24,356 23,919 101,721 99,761 
                      Cumulative pre-tax IRR (%) 0.00 -96.10 -78.33 -61.09 -47.98 -38.31 -31.09 -25.60 -21.33 -17.95 -15.22 -13.00 -11.16 -9.62 -8.32 -7.21 -6.22 -5.37 -4.63 -2.36 -0.89 

                      Total Project Returns: After-Tax 
                     Cash 
                     Equity Investment -757,820 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Operating Cash 
Distributions/(Contributions) 0 29,552 29,185 28,815 28,443 28,068 27,690 27,309 26,924 26,535 26,142 25,744 25,342 24,935 24,522 24,104 24,787 24,356 23,919 101,721 99,761 

Total  -757,820 29,552 29,185 28,815 28,443 28,068 27,690 27,309 26,924 26,535 26,142 25,744 25,342 24,935 24,522 24,104 24,787 24,356 23,919 101,721 99,761 
Investment Tax Credit 

                     State 
 

0 
                   Federal   0                                       

Total 
 

0 
                   Production Tax Credit 

                     State 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Federal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Total 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Tax Benefit/(Liability) 
                     State 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Federal 0 -4,203 7,655 7,419 7,159 6,874 6,562 6,221 5,849 5,444 5,003 4,524 3,967 3,439 2,790 2,762 -9,428 -22,315 -23,236 -24,230 -23,741 
Total 0 -4,203 7,655 7,419 7,159 6,874 6,562 6,221 5,849 5,444 5,003 4,524 3,967 3,439 2,790 2,762 -9,428 -22,315 -23,236 -24,230 -23,741 

Total -757,820 25,348 36,840 36,234 35,602 34,942 34,252 33,529 32,772 31,978 31,144 30,268 29,309 28,373 27,313 26,866 15,359 2,041 683 77,490 76,021 
                      NPV and IRR                                           

                      Cumulative after-tax IRR (%) 0.00 -96.66 -76.22 -57.99 -44.62 -34.98 -27.90 -22.59 -18.52 -15.33 -12.79 -10.73 -9.06 -7.67 -6.52 -5.53 -5.01 -4.94 -4.92 -2.81 -1.43 
Maximum 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Year target IRR reached 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
                      NPV of after-tax returns -592,746 

                     

1MW Sabu PV-Battery Single Owner Cash Flow 
                   Operating Year 0  1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  

                      Production                                           
Annual energy (AC kWh) 

 
2,043,010 2,026,660 2,010,450 1,994,370 1,978,410 1,962,584 1,946,880 1,931,310 1,915,860 1,900,531 1,885,330 1,870,240 1,855,280 1,840,440 1,825,720 1,811,110 1,796,620 1,782,250 1,767,990 1,753,850 

                      Partial Income Statement: Project                                           
Revenues 

                     PPA 
                     Net Production (AC-kWh) 
 

2,043,010 2,026,660 2,010,450 1,994,370 1,978,410 1,962,584 1,946,880 1,931,310 1,915,860 1,900,531 1,885,330 1,870,240 1,855,280 1,840,440 1,825,720 1,811,110 1,796,620 1,782,250 1,767,990 1,753,850 
Price  (¢/kWh) 

 
25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.00 

Total PPA Revenue 
 

510,753 506,665 502,613 498,593 494,603 490,646 486,720 482,828 478,965 475,133 471,333 467,560 463,820 460,110 456,430 452,778 449,155 445,563 441,998 438,463 
Production Based Incentive (included if available for debt service) 

                    Federal ($/W) 
 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
State ($/W) 

 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Utility ($/W) 
 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other ($/W) 

 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Total PBI 
 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Salvage Value 

 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Total Revenue   510,753 506,665 502,613 498,593 494,603 490,646 486,720 482,828 478,965 475,133 471,333 467,560 463,820 460,110 456,430 452,778 449,155 445,563 441,998 438,463 

                      Property tax net assessed value 
 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
                      Expenses 

                     Operation and maintenance (O&M) 
                     Fixed 
 

32,200 33,617 35,096 36,640 38,252 39,935 41,693 43,527 45,442 47,442 49,529 51,708 53,984 56,359 58,839 61,428 64,130 66,952 69,898 72,974 
Capacity 

                     Capacity (DC kW) 
 

1,000.0 1,000.0 1,000.0 1,000.0 1,000.0 1,000.0 1,000.0 1,000.0 1,000.0 1,000.0 1,000.0 1,000.0 1,000.0 1,000.0 1,000.0 1,000.0 1,000.0 1,000.0 1,000.0 1,000.0 
Fixed Cost ($/DC kW-yr) 

 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

O&M production-based expense 
 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Variable 

                     Generation (AC-MWh) 
 

2,043 2,027 2,010 1,994 1,978 1,963 1,947 1,931 1,916 1,901 1,885 1,870 1,855 1,840 1,826 1,811 1,797 1,782 1,768 1,754 
Variable Cost ($/AC-MWh) 

 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

O&M capacity-based expense 
 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Fuel (CSP, generic, and biopower only) 

                     Fuel (CSP and generic only) 
 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Biomass feedstock (Biopower only) 

 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Coal feedstock (Biopower only) 
 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Property Tax 

 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Insurance 
 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Total Expenses   32,200 33,617 35,096 36,640 38,252 39,935 41,693 43,527 45,442 47,442 49,529 51,708 53,984 56,359 58,839 61,428 64,130 66,952 69,898 72,974 

                      EBITDA (cash available for debt service)   478,553 473,048 467,517 461,952 456,350 450,711 445,027 439,300 433,523 427,691 421,803 415,852 409,836 403,751 397,591 391,350 385,025 378,610 372,099 365,489 

                      Cash Flow: Project                                           
Cash Flow from Operating Activities 

                     EBITDA 
 

478,553 473,048 467,517 461,952 456,350 450,711 445,027 439,300 433,523 427,691 421,803 415,852 409,836 403,751 397,591 391,350 385,025 378,610 372,099 365,489 
Plus: PBI (if not included above) 

                     Federal ($/W) 
 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
State ($/W) 

 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Utility ($/W) 
 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Other ($/W)   0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Total 

 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Plus: Interest Earned 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Less: Interest Expense 0 -229,097 -220,893 -212,372 -203,509 -194,280 -184,657 -174,612 -164,112 -153,125 -141,615 -129,542 -116,866 -103,542 -89,523 -74,756 -59,188 -41,914 -21,573 0 0 
Total 0 249,455 252,155 255,145 258,443 262,070 266,053 270,416 275,188 280,398 286,076 292,261 298,985 306,294 314,228 322,835 332,162 343,111 357,037 372,099 365,489 

                      Cash Flows from Investing Activities 
                     Capital Costs 
                     Total installed cost -4,770,000 

                    Debt closing 0 
                    Other financing 0 
                    Construction financing -95,400 
                    Total purchase of property -4,865,400 
                    Reserve Accounts (Increase)/Decrease  

                     Debt Service Reserve 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Working Capital Reserve 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Major Equipment Reserve 1 0 -13,705 -13,705 -13,705 -13,705 -13,705 -13,705 -13,705 -13,705 -13,705 -13,705 -13,705 -13,705 -13,705 -13,705 191,865 0 0 0 0 0 
Major Equipment Reserve 2 0 -33,710 -33,710 -33,710 -33,710 -33,710 -33,710 -33,710 -33,710 -33,710 -33,710 -33,710 -33,710 -33,710 -33,710 -33,710 505,651 0 0 0 0 
Major Equipment Reserve 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Total 0 -47,415 -47,415 -47,415 -47,415 -47,415 -47,415 -47,415 -47,415 -47,415 -47,415 -47,415 -47,415 -47,415 -47,415 158,155 505,651 0 0 0 0 

Major Equipment Replacement 
                     Major Equipment Spending 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -205,570 0 0 0 0 0 

Major Equipment Spending 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -539,361 0 0 0 0 
Major Equipment Spending 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Total 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -205,570 -539,361 0 0 0 0 

Total (depreciable basis) -4,865,400 -47,415 -47,415 -47,415 -47,415 -47,415 -47,415 -47,415 -47,415 -47,415 -47,415 -47,415 -47,415 -47,415 -47,415 -47,415 -33,710 0 0 0 0 

                      Cash Flows from Financing Activities 
                     Incentives and size of debt 
                     IBI 0 

                    CBI 0 
                    Size of debt 2,863,715 
                    Total 2,863,715 
                    Issuance of equity 2,001,685 
                    Debt principal payment 0 -102,547 -106,517 -110,783 -115,366 -120,286 -125,570 -131,244 -137,338 -143,881 -150,906 -158,449 -166,547 -175,244 -184,582 -194,610 -215,920 -254,259 -269,666 0 0 

Total 4,865,400 -102,547 -106,517 -110,783 -115,366 -120,286 -125,570 -131,244 -137,338 -143,881 -150,906 -158,449 -166,547 -175,244 -184,582 -194,610 -215,920 -254,259 -269,666 0 0 
                                            
Pre-Tax Cashflow 0 99,493 98,223 96,947 95,663 94,370 93,068 91,757 90,435 89,102 87,756 86,397 85,024 83,636 82,231 80,810 82,532 88,852 87,372 372,099 365,489 

                      Total Project Returns                                           
Total Project Returns: Pre-Tax 

                     Equity Investment -2,001,685 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Operating Cash Distributions/(Contributions) 0 99,493 98,223 96,947 95,663 94,370 93,068 91,757 90,435 89,102 87,756 86,397 85,024 83,636 82,231 80,810 82,532 88,852 87,372 372,099 365,489 
Total -2,001,685 99,493 98,223 96,947 95,663 94,370 93,068 91,757 90,435 89,102 87,756 86,397 85,024 83,636 82,231 80,810 82,532 88,852 87,372 372,099 365,489 

                      Cumulative pre-tax IRR (%) 0.00 -95.03 -75.22 -57.17 -43.88 -34.27 -27.21 -21.90 -17.82 -14.61 -12.06 -9.98 -8.28 -6.86 -5.67 -4.67 -3.77 -2.94 -2.24 -0.07 1.33 
                      Total Project Returns: After-Tax 

                     Cash 
                     Equity Investment -2,001,685 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Operating Cash Distributions/(Contributions) 0 99,493 98,223 96,947 95,663 94,370 93,068 91,757 90,435 89,102 87,756 86,397 85,024 83,636 82,231 80,810 82,532 88,852 87,372 372,099 365,489 
Total  -2,001,685 99,493 98,223 96,947 95,663 94,370 93,068 91,757 90,435 89,102 87,756 86,397 85,024 83,636 82,231 80,810 82,532 88,852 87,372 372,099 365,489 

Investment Tax Credit 
                     State 
 

0 
                   Federal   0                                       

Total 
 

0 
                   Production Tax Credit 

                     State 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Federal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Total 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Tax Benefit/(Liability) 
                     State 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Federal 0 -25,910 9,979 9,231 8,407 7,500 6,504 5,414 4,220 2,918 1,498 -48 -1,838 -3,556 -5,649 -5,980 -38,669 -73,356 -76,838 -80,603 -78,951 
Total 0 -25,910 9,979 9,231 8,407 7,500 6,504 5,414 4,220 2,918 1,498 -48 -1,838 -3,556 -5,649 -5,980 -38,669 -73,356 -76,838 -80,603 -78,951 

Total -2,001,685 73,584 108,202 106,178 104,069 101,870 99,572 97,170 94,656 92,020 89,254 86,350 83,186 80,080 76,582 74,830 43,864 15,496 10,534 291,496 286,538 

                      NPV and IRR                                           

                      Cumulative after-tax IRR (%) 0.00 -96.32 -74.84 -56.25 -42.83 -33.24 -26.26 -21.05 -17.07 -13.98 -11.52 -9.55 -7.95 -6.63 -5.54 -4.61 -4.11 -3.94 -3.82 -1.43 0.06 
Maximum 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 

Year target IRR reached 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

                      NPV of after-tax returns -1,516,836 
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Appendix E: Renewable Energy Opportunities for Remote Indonesian Grids, Jakarta Workshop 
Table E-1. SERIG Workshop Agenda 
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Table E-2. List of SERIG Workshop Attendees 
October 1, 2014 

Name Company/Institution Type of 
business 

Position Email 

Anang Yahmadi PT. PLN (Persero)   anang.yahmadi@pln.co.id 

Andrew Billard SunEdison Solar project 
developer 

 Andrew.Billard@trade.gov 

Bernard Castermans Winrock  Country Representative bernard@winrock-indo.org 

Bertrand Choo DLRE (Daily Life Renewable 
Energy Holdings PTE.LTD) 

 Business Development bertrand.choo@dailylife.com.sg 

Bill Meade USAID -ICED Government Chief of Party Bill.Meade@tetratech.com 

Brian Hirsch NREL  Team leader - US Brian.Hirsch@nrel.gov 

Budi Supomo ABB Solar ISS & RE Business development budi.supomo@id.abb.com 
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Organization Project Duration Budget Relevant Activities 
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(CIRCLE) 

11/2011- 
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palm oil mills.  

USAID, Indonesia 
Clean Energy 
Development 
(ICED)  
 

03/2011- 
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to energy services to 
stimulate economic 
growth and reduce GHG 
emission from the energy 
sector through: Improved 
policy reform, 
coordination and 
implementation. 

Ministry for 
Foreign Affairs 
of Finland 

Energy and 
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Partnership with 
Indonesia (EEP 
Indonesia) 

2011/201
3 
 

USD 5.3 
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Promote and implement 
bioenergy energy in Riau 
and Central Kalimantan 
provinces. 
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Power Generation 
(WHyPGen) 
Market 
Development 
Initiatives 

06/2012 
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06/2015 
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million 

Support development and 
commercialization of 
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Barrier Removal to 
the cost effective 
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implementation of 
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Standards and 
Labeling (BRESL) 
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2009 - 
2014 
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million 
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barriers in implementing 
energy standards and 
labeling (ES&L) in 
Indonesia. 

US Department 
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for Remote Grids 
(SERIG)  

05/2013 - 
6/2015 
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million 

Facilitating integration of 
RE and EE solutions for 
remote grids. 

Asia 
Development 
Bank 

Scaling Up 
Renewable Energy 
Access in Eastern 
Indonesia.  

June 
2013/Jun
e 2015. 

USD 1 
million 

Working to increase the 
development of clean 
energy projects on 
Sumba Island. 
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Organization Project Duration Budget Relevant Activities 
Ministry of 
Foreign Affairs 
of Denmark 
(DANIDA) 

Environmental 
Support Program II  

11/2008 - 
12/2012 

USD 9.4 
million 
 

Promote Energy 
Efficiency and 
Conservation in 
Industrial, Commercial 
and Public Sector 
through capacity building 
and awareness. 

United Nations 
Industrial 
Development 
Organization 
(UNIDO) – 
Global 
Environment 
Facility, 
MEMR, 
Ministry of 
Industry and 
National 
Standard 
Agency (BSN). 

Promoting Energy 
Efficiency in the 
Industries through 
System 
Optimization and 
Energy 
Management 
System Standards 
in Indonesia. 

2012 - 
2017 

USD 16 
million 

Energy Management 
System training to enable 
the industry to implement 
energy efficiency 
measures through system 
optimization. 
 

 


	Acknowledgments
	List of Abbreviations and Acronyms
	Executive Summary
	Table of Contents
	List of Figures
	List of Tables
	1 Introduction
	1.1 SERIG Process
	1.2 Project Summaries
	1.3 Institutional Context for Renewable Energy in Remote Grids

	2 Production Cost Modeling
	2.1 Assumptions for Electricity Rate Structure and Cost

	3 Lamandau District
	3.1 Existing Diesel Gensets
	3.2 Resource Assessment from Palm Oil Mills
	3.3 Project Construction and Cost
	3.4 Permits
	3.5 Project Model
	3.6 Production Cost Modeling Results for Lamandau

	4 Sabu Island
	4.1 Existing Diesel Gensets
	4.2 Solar Resource
	4.3 Solar Project Opportunities
	4.4 Cost of Photovoltaics
	4.5 Production Cost Modeling Results for Sabu Island
	4.6 Operating Reserve
	4.7 PV System Without Batteries
	4.8 Storage
	4.9 Summary of Investments in Solar PV
	4.10 Integration Services: Storage and Balance of System Management
	4.11 Summary of Investments in Integration Services

	5 Sumba
	5.1 Energy Resources and Demand Characteristics
	5.2 Electricity Supply
	5.3 Ongoing Projects and Plans
	5.4 Waikabubak Grid
	5.5 Waingapu Grid
	5.6 Wind Potential

	6 Analysis of Financial Returns for Lamandau and Sabu
	6.1 Lamandau Biogas Financial Return
	6.2 Sabu Island PV Financial Return 
	6.3 Sabu Island PV-Battery Financial Return
	6.4 An Alternative Perspective

	7 Conclusions and Next Steps
	Appendices
	Appendix A: Production Cost Modeling Inputs
	Appendix B: Cost for Biogas Plant 
	Appendix C: Detailed Sumba Wind Characteristics at Hambapraing 
	Appendix D: Pro Forma 
	Appendix E: Renewable Energy Opportunities for Remote Indonesian Grids, Jakarta Workshop
	Appendix F: International Donor Organization in Indonesia




