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“Sustainable energy - energy that is accessible, cleaner and more efficient - powers 
opportunity. It grows economies. It lights up homes, schools and hospitals. It empowers women 
and local communities. And it paves a path out of poverty to greater prosperity for all. 

But nearly one in five people around the world do not have access to modern energy services. 
Twice that number, three billion people, rely on wood, coal, charcoal or animal waste for 
cooking and heating. In today’s economy, this is inequitable – a major barrier to eradicating 
poverty. The energy future we want is one in which everyone has access to modern energy 
services, our energy resources are used more efficiently, and we increasingly invest in 
renewable sources.” (Sustainable Energy for All ‐ ABOUT US) 
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Abstract 

The Energising Development (EnDev) initiative, for which the GIZ acts as implementing agency, 
promotes the supply of modern energy technologies to households and small‐scale businesses in 
the rural communities of 24 countries in Africa, Latin America and Asia. 

In Indonesia, this has been achieved through off‐grid micro‐hydro (MHP) and solar power 
mini‐grids and since 2006 230 MHP and 117 solar projects have been supported to varying degree 
at substantial cost, reaching more than 167 thousand people.  

The objective of this study is to assess this contribution of the EnDev-Indonesia initiative regarding 
the MHP performance and ultimate long‐term sustainability prospect of the rural energy 
infrastructure in the country. 

As such a comparison between EnDev and non-EnDev MHP projects in the country was undertaken 
and based on the established Key Performance Indicators (KPIs) survey methodology and the 
DB&TO sustainability model specifically fashioned for the purpose of this study. 

This approach involved on‐site visits and comprises technical, social, economic and environmental 
aspects. 

As a result, the analysis has shown important differences among the different supporting schemes, 
with the second implementing phase (2009‐2012) of EnDev outranking the other systems largely 
due to the high level of technical sustainability achieved by these sites. 

Such a good performance is even more surprising considering that the EnDev1 sites implemented 
during the first phase of the program in the early years were among the least‐sustainable 
investigated in this study. 

However, despite the high costs necessary to reach such a high level of sustainability as regards the 
quality of the civil works and electro‐mechanical equipments, this aspect alone was found not 
enough to guarantee the long‐term sustainability of MHP in Indonesia. On the other hand, lack of 
social and economic sustainability appeared having fatal consequences onthe operations of many 
plants. 

Therefore, such complex interrelation among the different aspects of sustainability was 
investigated and also external factors, like the regional and cultural differences among the different 
beneficiaries, were addressed.  

Finally, recommendations for future eventual courses of action were proposed. 
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1. Introduction and Research Objective 

1 Introduction and Research Objective 

1.1 Problem Description 

In 2005, during the World Economic Forum Annual Meeting, energy poverty was recognized as one 
of the main causes of the economic underdevelopment of many areas in the world and the 
commission drew the attention to the fact that “access to energy is fundamental to improving quality 
of life and is a key imperative for economic development. In the developing world, energy poverty is 
still rife”. (EPA) 

Nevertheless, the International Energy Agency (IEA, 2011) estimated that in 2011 still more than 
1.3 billion people still lacked access to electricity, almost all of whom live in developing countries, 
while the United Nations estimated that another 1 billion have unreliable access.  

In order to tackle the problem of energy poverty which threatens to undermining the achievement 
of the Millennium Development Goals, the UN General Assembly designated 2012 as the 
“International Year of Sustainable Energy for All,” providing an opportunity to raise awareness of 
the extent and impacts of the electrification challenge and with the ultimate goal of supply access to 
modern energy services to the totality of the world population by 2030. 

Nonetheless, this ambitious target has to go hand in hand with another energy‐related goal set by 
the United Nations for the next century: to curtail fossil fuel use and keep global warming below 
2°C. 

While the former target requires to increase the amount of energy the world uses, with the fossil 
fuels playing a key‐role as for providing cheap and reliable energy, the latter requires harnessing 
cleaner power sources, using energy more efficiently, and even conserving power.  

So, is it possible to do both at once? 

According to a study in Nature Climate Change (Rogelj, McCollum, & Riahi, 2013), the authors find 
that achieving the three energy objectives ‐ cleaner power sources, more efficient use of energy and 
power conservation ‐ could provide an important entry point to climate protection, and that 
sustainability and poverty eradication can go hand in hand with mitigating climate risks. 

Others, like Pielke (Pielke, 2012), an environmental studies professor at the University of Colorado, 
have pointed out that the international community’s definition of “modern energy access” tends to 
be pitiful as it means supplying people with a mere 2.2 percent of the energy that the average 
American uses, according to the definition of the IEA of “modern energy access”. 

As a result, if on the one hand providing energy access to 1.3 billion people seems an achievable 
target taken into consideration the threshold of 2°C raise in temperature, on the other hand, a 
world where every single person has access to a modern source of energy as that concept is 
understood by most people in the wealthy parts of the world implies a level of energy consumption 
far beyond that contained in conventional projections of consumption for the next several decades.  
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1. Introduction and Research Objective 

What’s more, access to modern sources of energy typically leads to a rapid economic development 
of the beneficiaries hence implying a further increase in the energy demand and thus raising again 
the question whether it was sustainable to guarantee energy access to everybody while preventing 
catastrophic consequences on the global climate. 

In this complex context, renewable sources of energy seem to be able to providing a solution which 
might be independent on the actual energy consumption of the fast‐pacing growing contexts 
gaining from energy access, provided their carbon‐emissions factor is none or negligible.  

However, renewable sources of energy alone can’t be considered the universal remedy of any 
problem related to sustainable development and energy access as the concept of sustainability itself 
is far more complex and takes into account several different aspects of which the environmental 
impact represents just one of them. 

According to the World Summit of the United Nations in 2005, the notion of sustainability 
comprises indeed three interdependent and mutually reinforcing pillars, namely the economic, 
social and environmental sustainability. In the particular context of sustainable development, which 
represents the context within which this study is fashioned, it was furthermore recognized that 
“poverty eradication, changing unsustainable patterns of production and consumption and protecting 
and managing the natural resource base of economic and social development are overarching 
objectives of and essential requirements for sustainable development.” (UN General Assembly, 2005) 

1.2 Rationale of the Research 

Indonesia is usually associated as a 
major contributor to global warming, 
due to the rapid deforestation, forest 
fires, degraded peatlands and 
diminishing carbon “sinks”. As it can 
seen in Figure 1: CO2 Emissions by 
Country in 2012, in 2012 the country was 
the 8th biggest emitter of CO2 in the 
atmosphere, accounting for the 2.33 % 
of the total worldwide emissions. 

But the other half of the story also shows 
that the archipelago finds itself in the 
difficult situation for which climate 
changes threatens to undercut the 
country’s recent progress in reducing 
poverty and achieving the Millennium 
Development Goals.  

In fact, according to a report compiled by the United Nations Development (UNDP) Country Office 
of Indonesia in 2007 (UNDP Indonesia Country Office, 2007), a change in the climate would cause 

Figure 1: CO2 Emissions by Country in 2012 (Statista) 
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1. Introduction and Research Objective 

severe disasters in the country, such as “rising of the sea levels that will swamp many islands and 
shrink Indonesia’s national territory, erratic planting and harvesting seasons punctuated by 
devastating droughts, floods rushing through the streets of major coastal cities, salt water intruding 
into river deltas destroying livelihoods of fishing communities and children suffering from acute 
malnutrition.” 

From this point of view, micro‐hydro power (MHP) plays a central role in the country’s efforts to 
tackle at the same time the problems of energy poverty and climate change, due to the abundant 
and constant resources of water streams in many rural areas of the archipelago. 

However, these systems are typically characterized by higher capital costs and greater technical 
complexity than their “competitors”, that is the GenSets running on diesel. For this reason, MHPPs 
are in most cases still reliant, both for financial and technical aspects, to external support without 
which local communities would hardly be able to implement such systems.  

As for Indonesia, this contribution has been in most cases provided by international aid agencies ‐ 
such as GIZ ‐ that operate in the country. Nevertheless, this approach has been and should be 
limited only to the initial stages of the projects, namely the financing and the implementation of the 
systems, whereas daily operations should be assured by the beneficiaries themselves. 

Therefore, as of the running and maintenance, in the perspective of achieving medium to long term 
(5‐10 years) operations, it is important that several aspects of sustainability ‐ such as social, 
technical,  economic and environmental – are attained, thus guaranteeing that the local 
communities can run the systems by their own without the continuous dependence from external 
aid.  

This study aims to assess to what extent this concept has succeeded, with a particular focus on the 
EnDev sites, which are considered to better perform in terms of overall sustainability, as noted by 
the report of the World Bank in 2012 on Cost Effectiveness Analysis of MHP in Indonesia 
(Castlerock, 2012), that states: 

“The additional cost/kW of TSU (EnDev) is contributed to better material quality and additional 
training and capacity building through TSU support, which may likely lead to better sustainability of 
the MHP operation” 

Starting from this assumption and with the intent of verifying and quantifying such assertion on 
scientific basis, the following structure has been shaped. 
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1. Introduction and Research Objective 

1.3 Objective and Research Questions 

In order to develop the study, the following hypothesis, scope, objective and research questions 
have been formulated: 

1.3.1 Hypothesis 

EnDev concept improves the sustainability of off-grid MHP systems compared to other off-grid MHP 
schemes in the project areas of Indonesia. 

Table 1: Hypothesis 

1.3.2 Research Scope 

To investigate and compare the social, economic, environmental and technical sustainability of the 
MHP systems falling into and outside the EnDev supporting scheme in West and South Sulawesi – 
Indonesia. 

Table 2: Research Scope 

1.3.3 Objective 

To assess whether the MHP systems under the umbrella of EnDev-Indonesia benefit of a higher level of 
sustainability compared to the others schemes. 

Table 3: Objective 

1.3.4 Research Question 

Does the EnDev concept improve the sustainability of the MHPs compared to the other off-grid MHP 
schemes in Sulawesi? 

Table 4: Research Question 

1.3.4.1 Derivative Question 1:  Technical Sustainability 

To what extent does the design and the hardware of the MHP systems guarantee medium to long term 
operations while offering a high-quality output of electricity produced? 

1.3.4.2 Derivative Question 2:  Social Sustainability 

To what extent have the local communities benefiting from the MHP systems been involved and made 
active participants in order to guarantee the sustaining of the operations in the medium to long term? 
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1.3.4.3 Derivative-Question 3:  Environmental Sustainability 

To what extent have environmental boundaries been taken into consideration and their importance 
associated to the medium-long term operations of the MHP systems acknowledged? 

1.3.4.4 Derivative-Question 4:  Economic Sustainability 

To what extent have economic considerations been addressed and actions put in place over the life 
cycle of the systems in order to maximize the economic sustainability of the MHP systems in the 
medium-long term? 
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Figure 2: Indonesia in figures (GIZ) 

2 Background 

2.1 National 

Indonesia is comprised of more than 6,000 inhabited 
islands. With a population of around 249 million, it is the 
fourth most populous country and contains the largest 
Muslim population in the world, accounting for almost 
87% of the population. The Indonesian population is 
ethnically diverse, with over 300 ethnic groups and 
around 360 spoken languages.  

Economically, Indonesia is the largest economy in 
Southeast Asia, and a member of the G‐20 major 
economies. The country has a vast range of mineral 
resources.  

However, it remains a lower middle‐income country with 

a relatively low per capita income.  

Moreover, the country suffers from severe economic and regional development disparities, in 
which around 80% of economic and investment activities are centered on the islands of Java and 
Sumatera. In addition to the rural‐urban divide, Indonesia also struggles with problems like poor 
infrastructure and widespread poverty (HKTDC Resource ‐ Indonesia). 

2.1.1 Social 

Out of a population of 249 million, more than 32 million Indonesians currently live below the 
poverty line and approximately half of all households remain clustered around the national poverty 
line set at 200,262 IDR per month (EUR 15.281). 

Employment growth has been slower than population growth. Public services remain inadequate 
by middle‐income standards. Indonesia is also doing poorly in a number of health and 
infrastructure related indicators, and as a result, may fail to reach some Millennium Development 
Goals (MDG) targets. 

Data from 2009 shows that Indonesia still suffers 307 deaths for every 100,000 live births, while 
the MDG aims to reduce this to 105 deaths by 2015.  Maternal mortality remains high, and may be 
an MDG target that will not be met. Also, despite recent progress, access to improved sanitation 
facilities currently stands at 68 percent of the population, which remains significantly short of the 
MDG target of 86 percent (The World Bank ‐ Indonesia Overview). 

1 Rate Exchange as of 12th June 2013 
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2.1.2 Economic 

There was a slight drop in Indonesia’s ranking in the “2011 Doing Business” report from 126th in 
2011 to 129th in 2012. Significant challenges remain, moreover, with Indonesian businesses 
identifying labor, infrastructure and general regulatory reforms as critical to increased investment. 

Despite these conditions, Indonesia continues to post significant economic growth. As of July 2012, 
the country's economy baseline outlook for growth was expected to be 6% in 2012 and increase to 
6.4% in 2013. The country’s gross national income per capita has steadily risen from $2,200 in the 
year 2000 to $3,720 in 2009. 

In terms of macroeconomic stability, Indonesia has managed to fulfill many of its fiscal targets, 
including a significant drop in Debt‐to‐GDP ratio from 61 percent in 2003 to 27.5 percent in 2009. 
Meanwhile, the budget deficit is projected to be as little as 0.4 percent of GDP in 2011 (The World 
Bank ‐ Indonesia Overview). 

2.1.3 Political 

Indonesia has formulated a long‐term development plan which spans from 2005 to 2025. It is 
segmented into 5‐year medium‐term plans, each with different development priorities (The World 
Bank ‐ Indonesia Overview). The current medium‐term development plan covering 2009‐2014 is 
the second phase and focuses on: 

• promoting quality of human resources 
• development of science and technology 
• strengthening economic competitiveness. 

2.2 Micro‐Hydro Power 

2.2.1 National Energy Context 

Although Indonesia's generating capacity has increased by more than a quarter in the last decade, 
the country has a low electrification ratio compared to similar income countries. In 2011, around 
70 percent of Indonesia's population had access to electricity, according to national electric utility 
PLN. 

Most of the non‐electrified communities are located in areas too sparsely populated and too far 
from a centrally powered electricity grid to justify the costs of grid extension. People in these areas 
rely on energy from diesel engines, kerosene lamps, batteries and candles with all their 
disadvantages: high costs, environmental pollution, higher risk of threat to health and fuel 
dependency. Providing the rural people with access to a reliable energy source represents a major 
challenge for the Indonesian Government and its development cooperation partners. 
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By far the most suitable and accessible potential for village electrification is provided by water 
resources in Indonesia, many of which can be harnessed for developing small scale, i.e. micro hydro 
power (MHP) schemes. In response to this situation a number of international development 
organizations agreed to finance a special “green” block grant facility (Green PNPM) established in 
2009 under the country‐wide PNPM (Program Nasional Pemberdayaan Masyarakat – National 
Program for Community Empowerment). 

For this special fund the World Bank acted as trustee via the PNPM Support Facility (PSF). The 
objective of this facility was to provide additional funding to the existing block grants provided 
under PNPM for activities contributing to the sustainable management of natural resources.  

2.2.2 MHP in Indonesia 

MHP technology in Indonesia generally comprises MHP schemes with a capacity of less than 
100kW, using a run‐of‐river approach. Water from a stream or small river is diverted at a weir into 
a channel after which it is collected in a forebay. The forebay is designed to allow silt to settle (for 
later flushing out) and to collect floating debris. The resulting “clean” water enters a penstock pipe, 
attached to a turbine in a powerhouse. The powerhouse is located several meters below the forebay 
and this height difference, along with the quantity of water flow, reflects hydro power’s energy 
potential. “Falling” water turns the turbine and then returns to the stream. The turbine’s rotation is 
transferred to a generator which produces electrical energy. While this electrical energy can be 
transferred directly to a distribution grid, more sophisticated (and commendable) MHP schemes 
contain electronic components to improve the system performance and ensure electricity supply 
quality. These would include a control panel and in best practices also electronic load control (ELC). 

 

 

 

 

 

 

 

The MHP schemes are typically operated, maintained and managed by the community and in many 
instances also constructed by the community. In most cases the community would appoint a village 
management team (VMT) to ensure operation and maintenance and to collect revenue from 
electricity sales to households, businesses and other clients.  

Figure 3: MHP Overview 
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Accrued income is used to pay a salary of the VMT members (as a minimum comprising an 
operator, but ideally also a treasurer and overall manager), cover routine maintenance expenses 
and save funds for future major replacements and repairs. 

While some MHPs are funded directly by the community, non‐governmental organisations (NGOs) 
or international donor agencies, the vast majority of funding for MHPs is sourced from central 
government via different government ministries. Most notable in recent years are the National 
Community Empowerment Programme (PNPM) administered by the Ministry of Home Affairs 
(MOHA) and Desa Mandiri Energi (DME) administered by the Ministry of Energy and Mineral 
Resources (MEMR). In addition to financial support there are a number of technical support 
agencies, initiatives and programmes. These would include several national non‐governmental 
organisations, but also international agencies, such as the Gesellschaftfür International 
Zusammenarbeit (GIZ) Energising Development (EnDev) programme.  

2.2.3 GIZ‐EnDev Support 

Energising Development (EnDev) is a multi‐donor impact‐oriented initiative promoting the supply 
of modern energy technologies to households and small‐scale businesses. The implementing agency 
for EnDev is the GIZ and the programme is active in 21 countries in Africa, Asia and Latin America. 

EnDev Indonesia, in cooperation with the Ministry of Energy, the Ministry of Home Affairs and the 
World Bank, started enhancing the Mini Hydro Power Project (MHPP) in 2006. Given the enormous 
water resources in Indonesia, decentralized micro hydro power schemes offer a very promising 
way to supply the remote rural areas with electricity.   

EnDev Indonesia’s engagement gave access to energy via micro hydro power to about 200 rural 
communities with more than 100,000 inhabitants. The programme provided a valuable amount of 
experience and lessons, which have been consolidated into an applicable good practice model for 
MHP implementation. 

During its second phase – from May 2009 to December 2012 ‐ EnDev Indonesia planned to scale‐up 
and implement 136 additional MHP schemes as well as to focus on helping institutions and 
organizations to implement additional schemes independently. This was made possible thank to the 
wealth of knowledge and experience gained by the EnDev team over the years. 

As for the capital cost of the MHP systems, EnDev sites are found to be on average 23% more 
expensive than the other systems implemented in Indonesia, as stated in the report compiled on 
behalf of the World Bank in 2012 on the cost‐effectiveness of MHP in Indonesia (Castlerock, 2012). 
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As a matter of fact, a complete EnDev MHP scheme costs on average IDR 64 million/kW installed, 
(4,855 EUR/kW2) (Energizing Development (EnDev) Indonesia, 2012), which charactherizes these 
systems by a very high capital cost compared to other alternatives on the market, such as the Diesel 
GenSets. 

This expense can be reduced somewhat by foregoing components such as electronic load control 
(ELC) or opting for lower quality generator and turbine. Generally however, on average 74% of the 
expense is related to civil construction (50%) and transmission/distribution network (24%) 
(Energizing Development (EnDev) Indonesia, 2012) and cost savings as alluded above have minor 
impact.  
 

2.2.3.1 Sustainability of MHP 

Micro‐hydro power generation presents several challenges and complications which make these 
systems extremely sensitive to a multitude of different factors that affect the performance and the 
ultimate sustainability of MHP.  

In order to be able to have a better understanding of the main causes, a sustainability chart for the 
Micro Hydro Power in Indonesia, based on the Ishikawa diagram – also called fishbone diagram or 
cause‐effect diagram – is hereby presented.  

This chart, fashioned for the purpose of this study, aims to defining a standard methodology to 
identify the main root causes of the disruption of MHP operation in Indonesia while allocating these 
aspects to the four sustainability factors (uppercase, boxed) – economical, environmental, social 
and technical. 

In addition to this objective, the Ishikawa diagram for MHP disruption can be a useful tool for the 
understanding of all the different causes (uppercase, not boxed) and effects (lowercase, boxed) that 
influence the performance of these systems in a more general context. 

2 Rate exchange as of 20th June 2013 
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Figure 4: Disruption of MHP Operation ‐ Ishikawa Diagram 
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3 Methodology 

The study has been structured in five main phases: 

METHODOLOGY 
PHASES DESCRIPTION 

1 Analysis 
It consists in the literature review of the situation of the MHP in Indonesia and in 
the familiarization with the KPIs methodology (surveys and database). 

2 Planning 
In this phase the outline of the comparison study based on KPIs is structured and 
the selection of the sites to be surveyed is finalized according to the methodology 
adopted. 

3 Execution 
Visits are carried out on Sulawesi island and data are collected according to the 
survey methodology of EnDev Indonesia. 

4 Evaluation 
Data are processed and analyzed with the support of schemes (Ishikawa Diagram) 
and models (DB&TO Matrix) that are fashioned to facilitate the process of 
comparison. 

5 Conclusion 
The final step consists in the production of a final comparison report and in the 
identification of some case studies which can be analyzed in the form of fact‐
sheets. 

Table 5: Methodology Table 

3.1 Analysis 

In order to attain an exhaustive overview of the situation of MHP in Indonesia and to get acquainted 
with the concept of monitoring of performance and sustainability of this technology, two main 
actions were undertaken: the review of the literature and the familiarization with the KPI 
Methodology of EnDev Indonesia. 

3.1.1 Literature Review 

The literature review in the sector of MHP in Indonesia as regards the monitoring of the 
performance and the sustainability was mainly based on two documents, namely the “Survey on Key 
Performance Indicators for Indonesian Micro-hydro Power Sites”, compiled by EnDev Indonesia 
(Energising Development (EnDev) Indonesia, 2012), and the “Micro Hydro Power (MHP) Return of 
Investment and Cost Effectiveness Analysis”, compiled by CastleRock Consulting Pte Ltd on behalf of 
The World Bank Group (Castlerock, 2012). 

While both reports aim to analyze the current situation of MHP in Indonesia, two different 
approaches were undertaken: the former presents a broad analysis in terms of overall performance 
and sustainability of the systems, but it is limited by the choice of the sampling of the sites analyzed, 
which is restricted to the ones supported by EnDev Indonesia only.  
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The latter, on the other side, benefits from a more diversified set of sites which have been 
supported by several different institutions, including but not limited to EnDev; however, the 
investigation is restricted to the technical‐economical assessment of the performance. 

The scope of this project is to gain from these two reports by bringing together the points of 
strength thus providing a complete assessment of the overall performance and sustainability of 
MHP in Indonesia based on an extensive selection of MHP sites supported by different institutions 
and funded by different schemes. 

3.1.2 KPI Methodology 

The second step of the initial analysis phase consisted in getting acquainted with the KPI 
Methodology developed by EnDev Indonesia. 

The main tool of this approach is the 18‐pages “EnDev- KPI and Sustainability Survey for Micro 
Hydro Power” which comprises five sections aimed to deeply analyze the performance of the system 
in terms of technical, social, economic and environmental sustainability. The survey, which has to 
be filled by the surveyor with the collaboration of the beneficiary communities, permits to collect a 
significant amount of information and to assess the overall state of the systems. 

However, it is important to notice that the main focus area of the survey is based on the technical 
evaluation of the MHP and this is the reason why the section of technical sustainability was added 
to the overall analysis. 

On the other side, the KPI Survey finds its limitations in the capability to gather exhaustive data on 
past information of the initial phases of the system, namely the design and the 
implementation/construction. In any case, this data are difficult to retrieve due to the lack of 
reliable information that could be obtained from the communities.  

Once all the data are collected in the survey, these are inserted into the EnDev database, from which 
several key performance indicators could be extrapolated and customized according to the needs 
and the purposes of the analysis. 

Getting familiar with the template of the survey and the database was a necessary step in order to 
prosecute with the scope of the project. 

3.2 Planning 

The planning phase consisted in defining how to outline the study in order to provide a comparison 
that could be as more objective as possible and not biased in regards of the selection of the sites and 
the choice of the KPIs to be analyzed. 
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3.2.1 Categorization of the funding‐supporting schemes 

The first step to undertake was to identify the different funding and support schemes within 
Indonesia that promoted the setting up of MHPPs around the country. 

Since the main goal of this study is to compare the performances and the sustainability of the 
MHPPs implemented and supported by EnDev Indonesia with the ones funded by other schemes, 
two main categorizations are identified, each of them further split in two sub‐groups. 

MAIN CATEGORY SUB CATEGORY 

EnDev 
EnDev1 
EnDev2 

non‐EnDev 
Rural PNPM 

Others 
Table 6: Categorization of the Supporting schemes 

3.2.1.1 EnDev 

For the EnDev supported sites, two sub‐groups can be defined: the MHP systems supported under 
theEnDev1 phase of the program, budgeted between 2006 and 2008 (included), and the second 
phase EnDev2, which includes all the MHPP supported by GIZ and budgeted in the period that goes 
from 2009 to the end of 2012.  

3.2.1.1.1 EnDev1 

In 2006 EnDev started in Indonesia as an extension of the GIZ Mini Hydropower Project (MHPP). 
The project continued to build up the expertise and management competency of actors engaged in 
constructing and operating mini‐hydropower schemes in rural areas towards a systematic scale up. 
It facilitated contacts between service providers and users, transferring the necessary know‐how to 
various actors: operators, political authorities and user groups. Besides this sector development, 
MHPP directly supported 96 MHPs in rural Indonesia. This support mainly focused on socialization, 
village management training and a financial contribution to the overall construction costs.  

In terms of ensuring sustainability, EnDev1’s primary strategy was to: 

• Support community preparation and participation 
• Introduce operation, maintenance and management procedures 
• Introduce principles of good business administration, tariff‐setting, billing, savings 
• Conduct capacity building (manufacturers and suppliers, village management team) 
• Promote productive, income‐generating end use of electricity  
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3.2.1.1.2 EnDev2 

After the success of EnDev1, a second bigger phase was initiated in July 2009 (to conclude mid‐
2014). The program supported the access to energy through 136 MHPs that were financed by the 
Green PNPM program.  The focus here was on capacity building of the rural communities as well as 
on site assessment of the MHP installations and operation monitoring.  

In addition to the approach of the EnDev1 phase, EnDev2 provided full technical assistance in the 
proposal screening, feasibility studies, design, tender documents, construction supervision and 
commissioning. 

Initially EnDev2 comprised two complementary components:  

• The Green PNPM Micro Hydro Power Technical Support Unit (MHP‐TSU) to directly support 
the access to energy through 136 MHPs that are financed by the Green PNPM programme 
(pilot programme under RuralPNPM), and 

• The Mini Hydro Power Project for Capacity Development (MHPP2) as a capacity 
development component to institutionalise know‐how and learning from experiences for a 
sustainable MHP sector development in Indonesia. 

Unlike EnDev1, EnDev2 had clearly specified partners, namely the GreenPNPM (a pilot programme 
underMoHA’s Directorate of Natural Resources and Appropriate Technology) and Directorate 
General for New and Renewable Energy and Energy Conservation (DGNREEC, established in August 
2010, under MEMR). 

MHP‐TSU provided extensive technical support exclusively to Green PNPM‐financed MHPs. This 
technical support comprised the complete activity chain leading to the operationalization, 
management and administration of MHPs and included: 

• Full technical assistance (proposal screening, feasibility studies, design, tender documents, 
construction supervision, commissioning) 

• Supporting community preparation and participation 
• Introducing operation, maintenance and management procedures 
• Introducing principles of good business administration, tariff‐setting, billing, savings 
• Capacity building of stakeholders (Villagers, village construction team, management team, 

local government, manufacturers) 

With the termination of GreenPNPM end‐2012, MHP‐TSU was consolidated with MHPP2 to focus on 
joint activities (jointly referred to since as “EnDev Indonesia”).  

From 2009 to 2011, MHPP2 operated in a vacuum. While it collected and collated MHP‐relevant 
information, the component did not have an operational counterpart to collaborate with. DGEEU 
had resolved and the new DGNREEC only became fully operational towards early‐2012. 
Collaboration with DGNREEC has significantly improved, particularly with the consolidation of the 
two components into “EnDev Indonesia”. 
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3.2.1.2 Non-EnDev 

In the following Table 7 an overview of the PNPM Mandiri Program is presented:   

PNPM MANDIRI 
The National Program for Community Empowerment Mandiri (PNPM Mandiri) is the Indonesian 
Government’s flagship community‐based poverty alleviation plan within the overall policy 
framework established to implement poverty alleviation programs. 
PNPM Mandiri uses a Community Driven Development (CDD) approach, providing direct block 
grants to local communities at the sub‐district level to finance an open menu of local 
development priorities – typically small‐scale social/economic infrastructure, education and 
health activities, and micro‐loans to women’s savings groups – implemented with mechanisms to 
ensure broad‐based participation and transparency. 
The objective of the program is to improve economic and social welfare of the poor and expand 
their employment opportunities through community consultation, empowerment, and capacity 
building at the local level. Using the bottom up mechanism, the community is directly involved in 
the process. The central idea of the program is empowering communities where they also have 
independent and collective authority in deciding, and managing development activities, and hold 
authorities accountable to ensure better development results. 
PNPM is the world’s largest CDD program, with a nationwide coverage of more than 70,000 rural 
villages  and urban wards in 32 of Indonesia’s 33 provinces (PNPM Support Facility ‐ About 
PNPM). 
Within this scheme, two support programs can be related to the development of MHP in 
Indonesia: PNPM Rural and PNPM Green (LMP). 

Table 7: PNPM Mandiri 

3.2.1.2.1 PNPM Rural (MP) 

PNPM Rural’s overall objective is for villagers in its rural locations to benefit from improved socio–
economic and local governance conditions, through the provision of investment resources to 
support productive proposals that have been developed by communities using a participatory 
planning process.  

PNPM Rural achieves its development objectives by providing block grants directly and 
transparently to communities to finance an open menu of poverty alleviation activities identified 
through a gender–inclusive community participatory planning process; and by enhancing the 
capacity of Government of Indonesia and provincial and district governments to partner with 
community organizations to improve the delivery of basic services. 

Under this programme, villages identify their development priority and apply for funding via 
District Government. Funds are provided directly to the community and paid out in tranches 
according to performance milestones. Labour is provided by the community. RuralPNPM also has 
access to field facilitators that can provide basic technical support. The most typical priority areas 
for rural communities are road, bridges, irrigation systems, clean water systems, elementary 
schools, and village health centres.  
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Several hundred MHP schemes have also been funded under RuralPNPM, but this comprises only 
less than 1% of total funding volume, as communities in general regard electricity access as a lower 
priority. (PNPM Support Facility ‐ PNPM Rural) 

Most of the MHP systems developed in Indonesia and not fully supported by EnDev fall into this 
scheme. However, there’s also a limited number of EnDev1 sites supported by the PNPM Rural 
program. Nevertheless, the ones commissioned in 2006, to which the quasi‐totality of the EnDev1 
sites belongs, were funded with different programs or initiatives. 

It is against this background the Rural PNPM launched the pilot programme “GreenPNPM” in 2009, 
specifically designed to integrate environmental issues into the local community‐driven 
development (CDD) planning process.  
Green PNPM was only active in selected target locations in Sulawesi and Sumatra Islands and the 
block grant funding was earmarked to support community investments in ‘green’ sub‐projects. 
About 50% (Castlerock, 2012) of the block grant funding disbursed through GreenPNPM was 
allocated specifically to finance MHP schemes.  

The particular focus on decentralised MHP was based on: 
• Perceived demand by rural communities deprived of electricity and located far from the 

electricity network; 
• MHP is dependent on a continued and protected water flow which is best ensured through 

communities’ effective management of surrounding water catchment areas. 
 

PNPM Green (LMP) 
PNPM Green was an innovative project introduced by the Government of Indonesia between 
2000 and 2012 to address environmental sustainability outcomes under PNPM Rural.  The 
program adapts the PNPM Rural program delivery model to achieve improvements in the 
utilization of natural resources by rural communities.  This is achieved through (i) 
mainstreaming natural resource management issues in the community‐driven development 
planning process, (ii) increasing environmental awareness and related management capacity of 
communities and government stakeholders, and (iii) the disbursement of block grants to fund 
environmentally supportive ‘green’ projects at the sub‐district and district level (PNPM Support 
Facility ‐ PNPM Green). 
All the EnDev2 sites fall into this category. 

Table 8: PNPM Green (LMP) 

In the following Table 9 a comparison between the PNPM Green and the PNPM Rural programs is 
presented. 

As a matter of fact, while formally subjected to a very similar approach, the two schemes present 
some differences. Specifically, the funding system of the Green PNPM permits higher quality of 
hardware and construction due to its nature of not being constraint by a limited budget compared 
to the Rural PNPM. On the other hand, social involvement of the beneficiary communities is better 
addressed in the latter.  
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As it will be seen, these different approaches have affected the overall final sustainability of the 
MHP systems analyzed in the study. 

 PNPM RURAL PNPM GREEN 

Project 
Mechanism 

• The MHP projects are selected 
and funded based on 
community’s proposal. 

• Village meetings, inter‐village 
meetings and competition among 
project proponents are part of 
the decision making process. 

• The mechanism has resulted in a 
high sense of community 
ownership. 

• In many cases, the MHPs are 
proposed by provincial and 
district governments or the head 
of the village. 

• Low community’s sense of 
ownership. 

• Funding is assured (if technical 
feasibility  is proven), thus no 
spirit of competitive success 

• Not need‐based 

Community 
Funding  

(Block Grant) 

• Each district gets around 300 – 
350 million IDR (depends on no. 
of poor people in the district) 

• This defined the maximum 
budget per system. 

• Funding based on proposal, with 
no cap on maximum budget. 

PNPM field 
Facilitators 

• Two facilitators in each district 
(Technical and Social 
Facilitators). 

• Technical Facilitators are mostly 
civil engineers with limited 
knowledge on MHP 

• Since the facilitators are locally 
selected, they are able to 
supervise community in a more 
regular basis 

• One or Two Technical 
Facilitators at regional level 

• Considering the number of MHP 
sites in one region, in most cases 
the facilitators couldn’t assist the 
community as often as Rural 
facilitators do. 

• EnDev absorbes function of field 
facilitator. 

Table 9: Comparison between PNPM Rural and PNPM Green schemes 

3.2.1.2.2 Others 

This category includes all the MHP systems which do not fall within the two previous ones (Rural 
PNPM and Green PNPM) and that have not been supported by EnDev Indonesia. 

In this group different funding and supporting systems can be identified such as systems financed 
and promoted by the local communities themselves, by other NGOs which operate outside the 
PNPM Schemes or thanks to the initiative of the provincial and district governments. 

In the specific, two different implementation methods can be identified: 

1. Project‐based: where a project developer (usually a government agency) has assigned a 
contractor through competitive tender to construct the MHP scheme. The beneficiary 
community is not involved beyond providing menial labour, seldom adequately consulted 
during the planning process and generally not well prepared to operate and maintain the 
given power generation facility.  
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2. Community‐based: where the community itself contributes significantly in developing the 
scheme from planning stage until completion of the project. The community often directly 
controls the procurement of components and undertakes most construction activities. This 
approach is typically used by civil society organisations. 

None of the systems in this category benefitted from the EnDev Support. 

Figure 5 and Figure 6 summarize the categorization of the four supporting schemes identified for 
the purpose of this study. 

3.2.2 Target population 

After that the four supporting schemes that are subjected to comparison in this study were 
identified, it was essential to define the size of the respective target population from which the 
samplings could be composed. 

If on the one hand the ideal population would be the one including all the MHPPs in Indonesia, on 
the other hand it was necessary to trade‐off with the logistical and budget constraints typical such 
studies.  

Therefore, it was essential to narrow the accessible target population according to few criteria that 
would have helped to facilitate and make possible to survey as many sites as possible yet taking 
into account the difficulties of the geographical context. 

 

 

 

 

 

Figure 5: Categorization of the Supporting 
schemes 

Figure 6: Micro Hydro Project activities of GIZ 
Indonesia, 2006‐2012 (Endev 1 / EnDev 2)‐ (Bensch, 

Peters, Sievert, & Zimmermann, 2011) 
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For these reasons, four criteria were defined: 

3.2.2.1 Criterion 1: Budget Year 

Criterion 1: BUDGET YEAR 
QUESTION Has the MHPP been budgeted after 2006 (included)? (Y/N)  

OBJECTIVE 

To compare MHP systems that have not benefitted in the recent years from deep 
refurbishment or renovation. However, since direct information about the status 
couldn’t be retrieved, the budget year was found as the best correlation that could 
provide estimation on the condition of the MHP, based on the assumption that the 
older the system, the higher the probability of refurbishment. 

Notes 
The preference of selecting by budget year rather than commissioning year was  
merely dictated by the type of data available from each site. However, the two dates 
might differ due time needed for construction and commissioning of these systems.  

Table 10: Criterion 1: Budget Year 

3.2.2.2 Criterion 2: Commissioning 

Criterion 2: COMMISSIONING 
QUESTION Has the MHPP already been commissioned? (Y/N)  

OBJECTIVE 
To compare MHP systems that have already been commissioned and therefore it 
is expected they are in operation (ie. construction concluded). 

Notes 
By selecting sites for which it is known they have already been commissioned, the 
visit to the systems is likely to add useful information and data that can be used for 
the development of the comparison study. 

Table 11: Criterion 2: Commissioned 

3.2.2.3 Criterion 3: Location 

Criterion 3: LOCATION 

QUESTION 
Is the system located in one of these four provinces of South and West Sulawesi, 
namely Toraja Utara, Mamasa, TanaToraja and Luwu Utara? (Y/N)  

OBJECTIVE 

To compare MHP systems characterized by similar cultural, natural and 
topographical background. 
Moreover, these four regions benefit from the presence of a large amount of sites 
falling within each of the four categories identified.  

Notes 

These four regions are neighboring each other and therefore logistical 
arrangements were more easily manageable considering the time constraints. 
Moreover, the decision to focus on Sulawesi Island was dictated by the vastness and 
variety of the MHP population available. 

Table 12: Criterion 3: Location 
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3.2.2.4 Criterion 4: Site Information 

Criterion 4: SITE INFORMATION 
QUESTION Is it possible to retrieve enough information concerning the site in order to be able 

to answer to the above criteria and to know the exact location as well as the 
operational status? (Y/N)  

OBJECTIVE To compare MHPPs for which detailed information can be retrieved and selection 
can be made. Moreover, it is important to be able to define the exact location of 
the sites in order to be able to arrange the logistical aspects related to the visits. 

Notes This was the most restricting and critical criterion, due to the extreme difficulties 
encountered in the process of retrieval of data from the non-EnDev sites and the fact 
that many sites were known to be no longer operational. 

Table 13: Criterion 4: Site Information 

After the application of these four criteria, the target population from the total number of MHP in 
Sulawesi was considerably reduced for each of the four schemes, bringing the total to 164. 

 EnDev1 EnDev2 RuralPNPM Other 
Initial population 94 61 201 82 
After filtered by the criteria 41 43 42 36 

Table 14: Population pre and after filtering 

It is important to notice that although the four categories look being of the same magnitude after 
having being filtered, before the criteria were put in place the actual size of the population of 
MHPPs in Sulawesi was much more disproportionate. 

However, while for EnDev1 the main criterion that caused the reduction in size was based on the 
location and for EnDev2 on the actual commissioning of the sites (many sites were in the 
commissioning phase at the time of the study), for ‘Others’ most of the sites were older than 2006 
(which is comprehensible considering the introduction of the PNPM program in 2006 to support 
these kinds of projects) and for Rural PNPM the lack of data was the most limiting factor.  

In the particular case of the Rural PNPM, it was very hard to retrieve detailed information on the 
exact location and on the budget year, since apparently such data is not well collected and accuracy 
was questionable. This last aspect was already perceived as a lack of sustainability of such systems 
as for the incapability of different stakeholders to provide any kind of on‐site support. 

This aspect has been further addressed in Annex 1. 
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3.2.3 Sampling Methodology 

With the goal of achieving a higher level of reliability and scientific objectivity, random sampling 
methodology was adopted. 

One of the biggest benefits of using random sampling is the fact that, since subjects are randomized, 
it represents one of the best ways to ensure that results are as least biased as possible. 

Specifically, to make sure that each of the four categories was properly represented in the 
comparison study, proportional‐to‐size sampling (PSS) was selected. According to this method, 
each scheme is equally represented based on to the size of its target population. 

3.2.4 Sampling Size 

Based on the multiannual experience of the EnDev team, the average time to reach, visit and survey 
a site in the Sulawesi area was told to be between half day and two days, depending on the district, 
which couldn’t be pre‐selected due to nature of the random sampling methodology adopted. 

Adding finally the difficulties of living in rural contexts for a prolonged period of time, it was 
suggested to survey more or less 30 sites. This sampling size would have taken about thirty days of 
work on average, resulting in a period of one month and a half on Sulawesi Island. 

Furthermore, the Seko and Rampi districts, in the Luwu Utara region, were the ones considered the 
most critical due to their remoteness and isolation from the other locations; the average time 
needed to reach and leave these areas was estimated being of approximately one week each.  

Therefore, in the likely case some sites in these districts had been randomly picked, it was decided 
in advance that the team would have split in two groups in order to be able to survey other sites 
located in other regions while part of the team approached the Seko and Rampi sites, hence 
optimizing the time availability. 

Taken into account all these advices, the size of the samplings among the four schemes according to 
a fixed proportion quota, was equal to the following: 

EnDev1 EnDev2 Rural PNPM Others 
8 9 8 7 

Table 15: Samplings Size 

Once the size of the sampling was defined, random picking of sites from the lists was carried out.  

In Annex 2, a list of the sites chosen can be found. 

As it can be noticed, four sites in the list were located in the Seko district and three in Rampi. 
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Figure 9: Location of the sites (Ranzanici, 2013) 

 

 

 

 

Figure 7: Political Map of Indonesia (Fitzgerald, 2009) Figure 8: Map of Sulawesi (Map 
data ©2013 Google, MapIT) 

 

Sites in SEKO district 

Sites in RAMPI district 
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3.2.5 Difficulties and Limitations 

The process of sampling presented in this study was among the most critical aspects for the 
consistency of the research itself in order to attain a high level of scientific objectivity. In the 
following paragraphs, the main difficulties and limitations of the process have been addressed. 

3.2.5.1 Sampling to population generalization: quantitative versus qualitative research 

Based on the literature in statistic, such population as the one considered in this study would need 
a bigger sampling than the one previously defined in order to be able to conclude on quantitative 
basis that the findings and the results coming from the survey are representative of the target 
population.  

As a matter of fact, due to the relative small size of the population – below 200 sites ‐ and its 
characteristic of not replacement – which means that one site can’t be picked twice or more from 
the population – the hyper‐geometric distribution was found to be the one best fitting for the 
determination of the theoretical sampling size: compared to the more commonly‐used normal 
distribution, the hyper geometric better estimates the confidence interval for such small 
populations. 

In this regards, the smallest sampling size according to the theory, assumed a confidence level equal 
to 90% and a margin of error of 10% ‐ these values are considered the minimum in order to be able 
to make inferences on the overall population with a certain grade of certainty based on quantitave 
analysis ‐ would be equal to 48 sites. Based on this size and keeping the initial proportions of the 
four different funding schemes, the sampling should be represented as follows: 

EnDev1 EnDev2 Rural PNPM Others 
12 13 13 10 

Table 16: Sampling Size According to the Literature 

But as it was previously stated, such a large amount of sites would need between two and three 
months to be investigated, which was not considerable feasible considering the time constraints of 
this study. 

However, even though the size of the selected sampling is too small to generalize it to its population 
under the light of the quantitative analysis, it is still possible to evaluate the study within the theory 
behind the concept of qualitative analysis.  

Qualitatively oriented research projects usually use more intensive and extensive methods of data 
collection and data analysis like in‐depth interviews, open‐ended questionnaires, long‐lasting field 
research with many field notes, and interpretative document analysis. This often allows the 
construction of only few cases or small samples, such as in this study. 

Myers (Myers, 2000) acknowledges that small qualitative studies are not generalizable in the 
traditional sense, yet have redeeming qualities that set them above that requirement.  
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Therefore, if one side qualitative research has been criticized and regarded with suspicion and 
hostility, because its general characteristics remain poorly understood, on the other side Yin (Yin, 
Case study research design and methods, 1989) asserts that general applicability might result from 
the set of methodological qualities of the study, and the rigor with which the study is constructed. 
Attention to such rigor may serve to offset some of the criticisms of qualitative research as a 'soft 
approach' utilizing subjective procedures that provides corresponding weak explanations. 

Based on such premises, it was then possible to generalize the results of the study under the light of 
quantitative analysis thanks to the following methodological approaches used in the research: the 
sampling methodology and the concept of naturalistic generalization. 

The former aspect was supported by the utilization of a sampling methodology typical of the 
quantitative analysis, namely the proportionate‐to‐size‐sampling (PSS) random methodology. This 
approach, even if reduced in size due to the logistical constraints, is characterized by a high‐level of 
objectivity, as demanded by Yin in order to be able to generalize the results. 

The latter, called naturalistic generalization is a process where the analysts recognize similarities 
between the results of their studies and their own experiences, further considering whether their 
situations are similar enough to warrant generalizations. Generalizing findings from research, 
either by receiving explicated or propositional understanding deductively from quantitative 
experiments, or by constructing tacit interpretive understanding inductively from qualitative 
inquiries, involves a transfer of knowledge from a study sample to another population.  

EnDev has been focusing on MHP in Indonesia since 2002, thus gaining years of expertise in the 
field both as regards EnDev and not‐EnDev sites, in terms of support provided through workshops 
and training courses for the local operators of the MHPPs around the country. 

For this reason, the team was able to evaluate the quality of the data collected and relate it to 
previous findings and observations gained on the field.  

This aspect strongly supports the process of naturalistic generalization which permitted a further 
generalization of the findings. 

3.2.5.2 Lack of data 

Another critical aspect as regards the selection of the sites was the lack of data that could be 
retrieved from the available documents. For this reason, the random selection of the sites in the 
case of Rural PNPM and partially in ‘Others’ was constrained by the availability of information 
concerning the exact location of the village or the budget year, which were in most cases not 
available. 

3.2.5.3 Operational Status 

Due to the methodology adopted based on random sampling and the lack of information concerning 
the actual status of the operations for most of the sites at the time of the sampling, it was impossible 
to state whether the site was still in operation or not.  As a result, some sites were found not‐
operational at the time of visit. 
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However, this circumstance was nonetheless interesting for evaluating the overall sustainability of 
these systems and their ability to operate over the medium‐long term. 

3.3 Execution 

3.3.1 On‐site visit logistic 

Field visits for 32 sites were conducted between April and May 2013, for a total lapse of time spent 
on the field equal to 30 days. In order to be able to survey and investigate such amount of sites, 
given the actual difficulties for the surveyors deriving from spending a long period of time in 
remote areas, two teams of two people each (in order to ensure smoother interviewing, division of 
labour and opportunities for immediate reflection on data accuracies) were sent on the field to 
work in parallel, hence minimizing the time spent on the field. 

Each team was composed by an EnDev‐team member and a regional facilitator, which was different 
for each of the four regions investigated. 

Specifically, after having surveyed the first few sites together in the Mamasa region in order to 
standardize the procedure between the two EnDev‐team members, the two teams split focusing on 
different districts.  

The visit and survey of each site took in average 3 hours. Most of the remaining time during the 
field visits was spent in transferring from one site to the other, which was done either by four‐
wheel‐drive (4WD) cars, motorcycles or small planes, and in some cases took up to two days to 
reach some locations. 

In general, the survey processes followed the below steps: 

a. Make appointments for the upcoming surveyed site with MHP management teams 
b. Travel to site of the team 
c. Conduct visit and physical site check on civil structure, power house and customer grid condition 
d. Visit management team, conduct the interview based on questionnaire, checking their record 
e. Conduct interview with most respected person in the village such as village heads, community 
 leaders 
f. Final check, to ensure all pre‐defined photos were taken and all questions had been completed 

3.3.2 Difficulties and challenges 

3.3.2.1 Inconsistencies with previous information 

In the case of three surveyed sites in the category ‘Others’ ‐ Tandung Mallelara (2005), Embonatana 
(2005) and Kadundung I (Others, 2000) – the Criterion 1 for site selection, i.e. the one concerning 
the constrain of selecting only sites there were budgeted from 2006 onwards, was not fulfilled due 
to the fact that these sites were found to be older.  
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However, as stated in the objective of the Criterion, the main reason this boundary was introduced  
was to avoid deeply‐refurbished sites which could have altered the results. 

Since none of these sites benefitted from refurbishment, it was decided to keep them into the 
comparison. 

However, as it will be seen in the Paragraph 4.4.2, the site in Kadundung I behaves as an outsider in 
any time‐related chart and therefore excluded from such type of analysis.  

3.3.2.2 Reluctance to participate in the survey by the communities 

In some contexts, the communities were found to being reluctant to answer some questions, 
especially concerning the financial administration of the MHP within the village or concerning the 
average income of each household.  

In particular, the latter aspect was supposed ‐ according to the KPI Methodology ‐ to be answered 
by the women in the village, who have better knowledge of the economic administration within the 
family. However, in many situations, they were reluctant to speak‐up in front of the participants to 
the survey. 

3.3.2.3 KPI Survey Methodology 

The current KPI Survey Methodology has still room for improvement on some aspects and focus 
areas. However, the 18‐pages make it already time consuming ‐ on average 1.5 hours – with the 
consequence that in some cases it was challenging to keep the communities’ committees focused on 
the questions, especially when the villagers couldn’t see any apparent relationship between what 
was asked and the actual performance of the MHP. 

3.3.2.4 Importance of pre-contacting the local communities 

In few cases, the local facilitators were not able to pre‐contact the villages to inform them of the 
forthcoming arrival for the survey. As a consequence, the communities were not prepared and 
sometimes all the members of the village management teams (VMT) not available. In these 
situations, the surveyors had to wait for everybody to come and therefore loose time on hold. 

3.4 Evaluation 

3.4.1 Data Pre‐Processing 

Pre‐processing of the raw data from the surveys was necessary for data on households, social 
institutions and PUE as well as for the financial data.  

In general, data processing was a form of screening. Where possible corrections were made to data, 
but where data was inconclusive, unavailable or nonsensical, it was not considered for further 
calculations.  
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3.4.2 Standardization of the evaluation 

Since two different teams were on the field at the same time, two different standards of evaluation 
were eventually put in place for the analysis. For this reason, after the period spent on the field, it 
was necessary to spend some time to re‐calibrate common standards especially for indicators that 
were based on qualitative assessment.  

This process was supported by the joint review of all the pictures taken on the field which were 
compared with the evaluations given by the surveyors and when necessary adjusted to a common 
standard. 

3.4.3 Classification of the sustainability factors that affect operations 

In order to address the root causes that affect the operations of MHPs over the medium‐long term 
in a systematic way based on the four pillars of sustainability, it was necessary to make use of a 
diagram, that is the above‐mentioned Ishikawa scheme introduced above. This scheme allowed the 
identification of the main problematic behind the disruption of operations for the systems.  

3.4.4 Sustainability Model 

As for a deeper analysis of the long‐term sustainability prospects that affect the MHP performance 
in Indonesia, a model was fashioned to facilitatethe comparison among the different sites and 
schemes. 

The need of creating a completely new model for this study was due to the fact that the only 
available alternative to assessing the sustainability of MHP found in the litearue was the EnDev 
Sustainability Checklist (GTZ, 2006) compiled by EnDev in 2006.  Such list, in form of table, serves 
to identify relevant information on the long‐term sustainability of projects under Energising 
Development.  

However, due to the nature of the checklist, which aims at evaluating projects on a broader socio‐
economic level more than focusing on a specific technology, it was impossible to assess the 
performance of MHP with a satisfactory level of depth.  

This brought to the decision to fashion a new model which could address all the aspects related to 
MHP under a more articulated perspective. 
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3.4.4.1 Selection of the Key Performance Indicators 

The selection of the KPIs was based on three main aspects: 

1. Classification based on the sustainability factors’ incidence following the analysis for not‐in 
operation sites 

2. Definition of a set of KPIs that could address all the spectrum of causes defined by the 
Ishikawa diagram 

3. Allocation of the selected KPIs within two phases of the MHP life, namely the “Design & Build” 
(D&B) and “Train & Operate” (T&O) phases. 

3.4.4.1.1 Classification based on not‐operational sites 

Based on the analysis for not operational sites inNot‐in‐operation site‐by‐site analysis in paragraph 
4.1.1, it was found that the main reasons behind the disruption of the operations were as following: 

REASONS FOR NOT‐OPERATIONAL SITES # OF SITES 
Technical 4 

Social 2 
Environmental 2 

Economic 1 
TOTAL 9 

Table 17: Reasons for not‐operational sites 

This distribution led to the willingness to create a selection of KPIs proportional to the different 
sustainability factors in which the MHPs worse performed, in order to be able to better address the 
causes of failure where they occur more frequently. 

For these reasons, it was decided at this stage to define a set of 9 KPIs, distributed as above (4 
Technical, 2 Social, 2 Environmental, 1 Economic).  

3.4.4.1.2 Classification and selection of the KPIs based on Ishikawa Diagram 

The next step was to define a set of KPIs that could comprise all the different main categories 
mentioned by the Ishikawa diagram.  
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Figure 10: Ishikawa Diagram Numbered 

 

In the above diagram, the main effects that might cause the disruption of the MHP operations were 
numbered and reported in Table 18. 

Indicator Sustainability Factors Ishikawa Effects 
Community Satisfaction Technical  1 

Civil Construction Technical  2, 3 
Electro‐mechanical Equipment Technical 2, 3 

Repairing Time Technical 4 
Community Involvement Social 5,7 

VMC Organization Social 6,7 
Extreme Weather Conditions Environmental 8, 9, 11, 12 

Water Competitive Use Environmental 10 
Financial Administration Economic 13 

Distance to electricity grid Economic 14 
Table 18: Sustainability Factors 

As it can be noticed, in this phase it was acknowledged that one single indicator for the economic 
sustainability wasn’t enough to comprise the two main effects affecting the operations, namely the 
“Insufficient fees collection” and the “Low connection rate”. Therefore, the “Financial 
Administation” indicator was hereby introduce to be able to investigate the “Insufficient fees 
collection” effect (13).  
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Finally, it’s worth noting that this set of indicators was selected according to the observations and 
the years of experience of the EnDev team and it’s based on the considerations of the main factors 
that affect Micro‐hydro power in Indonesia. Therefore, different selection and criteria might apply 
outside the Indonesian context. 

3.4.4.1.3 Schematization of the Indicators within the DB&TO Matrix 

Once the main indicators for the comparison were defined, they were schematized into the DB&TO 
Matrix, created expressly for the purpose of this study with the aim of better addressing at which 
stage of the implementation of an MHP system sustainability can be improved. 

 

Figure 11: Design, Build Train and Operate Flow 

The following Table 19 shows such classification: 

 

Table 19: DB&TO Matrix 

Such categorization allowed to making a clear differentiation on the strengths and weaknesses of 
each scheme in terms of support provided, yet being able to analyze the the main differences 
concerning the ability of providing a good training and guaranteeing operations over the long‐term 
beyond the construction phase. 

The need of clustering together the four different phases – Design, Build, Train and Operate – in two 
categories was motivated by the fact that these aspects are very much inter‐related two by two and 
it was impossible in most cases to assess with certainty to which specific phase a specific cause 
could be allocated.  

However, as it can be noticed it was impossible to define indicators that could evaluate the social 
and economic sustainability of the MHP at the “Design & Build” stage. The reasons are different. 

As for the social sustainability, the KPI Survey Methodology is simply not able to evaluate to what 
extent the beneficiary communities were involved in the first stage of the implementation.3 

3 However, it was acknowledged that such information could be potentially retrieved by accessing to different 
documents and sources.  Moreover, it is hereby suggested to include a section related to this section in future 
versions of the KPIs Survey Methodology. 
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On the contrary, as for the economic sustainability, the main reason why no information is reported 
is that it was impossible to really assess which actual cost make rural electrification sustainable and 
worth being implemented in terms of added value for the beneficiaries4.   

3.4.4.2 Analysis of the Key Performance Indicators 

This paragraph aims at defining and explaining each indicator used in the comparison for a better 
understanding of the DB&TO model. 

3.4.4.2.1 Indicator 1: Community Satisfaction 

Indicator 1: COMMUNITY SATISFACTION Technical, D&B 
QUESTION How satisfied are most customers with the quality of electricity provision?  
ANSWERS Very satisfied, Mostly satisfied, Satisfied, Not Satisfied, Site not in operation 

OBJECTIVE 
To assess the quality of energy provided in terms of blackouts, low capacity 
installed, light flickering and appliances that break due to voltage fluctuations 

NOTES 

This indicator is in somehow independent from the actual quality of the plant in 
terms of civil works and electro‐mechanical equipment as its main cause is 
usually the excessive rate of connection of the HHs compared to the initial design 
of the plant, which brings to a low capacity installed per HH. 

SOURCE Section B.5 of the KPI Survey Methodology: Quality of Energy 
Table 20: Indicator 1: Community Satisfaction 

3.4.4.2.2 Indicator 2: Civil Construction 

Indicator 2: CIVIL CONSTRUCTION Technical, D&B 
QUESTION Is the quality of the civil works good/on average/bad? 
ANSWERS Good, Average, Bad 
OBJECTIVE To assess the quality of the civil works including the aspects related to security 

NOTES 
This quality assessment results from the overall evaluation of 23 different survey 
questions.  

SOURCE Section D.5.1 of the KPI Survey Methodology: Civil Construction 
Table 21: Indicator 2: Civil Construction 

  

4For a pure economic analysis of MHP in Indonesia in terms of cost-effectiveness and return on the investment 
please refer to (Castlerock, 2012) 
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As for the assumption of “average” quality of the civil works, the following basic criteria were to be 
fullfilled: 

• Weir, Intake, Channel and Forebay made in concrete;  
• No evident clogging or leakage of the above‐mentioned parts and related components, such 

as sluice gates and trash racks, that deeply affect performance by diminishing the flow or 
bringing debris in the turbine blades; 

• No leakages in the penstock and stable anchoring; 
• Powerhouse made in concrete and with no internal presence of water. 

3.4.4.2.3 Indicator 3: Electro‐mechanical Equipment 

Indicator 3: ELECTRO‐MECHANICAL EQUIPMENT Technical, D&B 
QUESTION Is the quality of the electro-mechanical equipment good/on average/bad? 
ANSWERS Good, Average, Bad 

OBJECTIVE 
To assess the quality of the electro‐mechanical equipment including the aspects 
related to security 

NOTES 
This quality assessment results from the overall evaluation of 18 different survey 
questions. 

SOURCE Section D.5.2  of the KPI Survey Methodology: Electro-mechanical Equipment 
Table 22: Indicator 3: Electro‐mechanical equipment 

As for the assumption of “average” quality of the electro‐mechanical equipment, the following basic 
criteria were to be fullfilled: 

• Turbine and generator well anchored to the ground (no loose bolts); 
• Good alignment of the belt between turbine and generator (no major vibrations of 

mechanical parts); 
• Generator grounded; 
• Good cable condition and isolation; 
• Control panel working properly (voltmeter, ampere meter, frequency meter); 
• ELC working and at safety distance; 
• Stable distribution poles and cables out of reach; 
• MCB installed at each household/social institution/productive use of energy. 
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3.4.4.2.4 Indicator 4: Repairing Time 

Indicator 4: REPAIRING TIME Technical, T&O 

QUESTION 
What’s the average time needed for repairing the system after the breakage/failure 
of one component/part of the MHP? 

ANSWERS Average repairing time (days) 

OBJECTIVE 
To assess the ability of the community to address technical problems that affect 
the operations 

NOTES 
This indicator indirectly aims to evaluate all the factors that affect the repair 
support provided to the communities, such as the availability of spare parts, of 
workshops and technical experts. 

SOURCE Section D.2.1  of the KPI Survey Methodology: Breakages in the past 
Table 23: Indicator 4: Repairing Time 

3.4.4.2.5 Indicator 5: Water Competitive Use 

Indicator 5: WATER COMPETITIVE USE Environmental, D&B 
QUESTION Are there any competitive uses of water that affect MHP condition? 
ANSWERS Yes, No, No info 
OBJECTIVE To assess whether the availability of water is constrained by other uses.  

NOTES 

This indicator defines the boundaries imposed by the nature in terms of water 
availability conflicting with other uses, such as irrigation and water pumping. 
Such activities also have social and economic implications on the MHP 
operations, which are however not taken into cosinderations by this indicator. 

SOURCE Section D.1.1  of the KPI Survey Methodology: Water Use 
Table 24: Indicator 5: Water Competitive Use 

3.4.4.2.6 Indicator 6: Extreme Weather Conditions 

Indicator 6: EXTREME WEATHER CONDITIONS Environmental, T&O 
QUESTION What general factors can be observed in the MHP’s catchment area? 
ANSWERS Landslides and Flashfloods (No, Up to/More than 5 events per year), No info 

OBJECTIVE 
To assess which extreme events compromise the operations of the MHPs and at 
which yearly incidence 

NOTES 
This indicator only focuses on the two main factors – flashfloods and landslides – 
that, based on the EnDev experience, most compromise the performance of the 
MHPs in Indonesia. 

SOURCE Section D.4  of the KPI Survey Methodology: Catchment Area 
Table 25: Indicator 6: Extreme Weather Conditions 
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3.4.4.2.7 Indicator 7: Community Involvement 

Indicator 7: COMMUNITY INVOLVEMENT Social, T&O 
QUESTION Is the community involvement good/on average/bad? 
ANSWERS Good, on average, bad  

OBJECTIVE 

To assess to what extent the beneficiary communities are involved in the 
operations of the systems and how developed their sense of ownership is. These 
factors concur to an higher level of cohesion that also reduces the risk of 
conflicts. 

NOTES 

This indicator is based on the surveyors’ experiences and their feelings toward 
the attitude of the communities at the time of the visit. Such approach includes 
the number of members present during the survey, the willingness to cooperate 
during the visit and the responsiveness when asked for information 

SOURCE Surveyors’ Experience 
Table 26: Indicator 7: Community Involvement 

3.4.4.2.8 Indicator 8: VMT Organization 

Indicator 8: VMT ORGANIZATION Social, T&O 
QUESTION Is the VMT organization good/on average/bad? 
ANSWERS Good, on average, bad, not existing 

OBJECTIVE 
To assess whether the VMT well performs for daily operations while considering 
as well the presence of conflicts that affect the performance 

NOTES This indicator represents the condensation of several different questions 
SOURCE Section C of the KPI Survey Methodology: Administration and Management 

Table 27: Indicator 8: VMT Organization 

As for the assumption of “average” VMT organization, the following basic criteria were to be 
fullfilled: 

• Team composed by 5 members; 
• Roles and functions well defined for each member and salaries proportionate to the 

expected work‐load (i.e. operators benefitting from the highest salaries); 
• Good book keeping system, with at least the budget book and the customer  data book being 

used; 
• No major complains from the customers concerning the management of the MHP. 
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3.4.4.2.9 Indicator 9: Financial Administration 

Indicator 9: FINANCIAL ADMINISTRATION Economic, T&O 
QUESTION What’s the average monthly collected saving for exceptional maintenance? 
ANSWERS Average monthly savings 

OBJECTIVE 
To assess whether the financial administration is robust enough to face any out‐
of‐ordinary maintenance due to failure of the system of other issues. 

NOTES 
This indicator is calculated based on the total savings of the communities at the 
time of the survey divided by the months the sites have been in operations.  

SOURCE Section C.5 of the KPI Survey Methodology: Financial Administration 
Table 28: Indicator 9: Financial Administration 

3.4.4.2.10 Indicator 10: Distance to the grid 

Indicator 10 DISTANCE TO THE GRID Economic, T&O 
QUESTION What’s the distance to the electrical grid from the village? 
ANSWERS Distance (km) 

OBJECTIVE 
To assess how close is the grid and whether it threatens the operation of the 
MHP since in most situations the HHs would switch to the grid if available. 

NOTES 
When available, the electrical grid offers a cheaper alternative to MHP in terms of 
monthly fees as well as more convenience in terms of higher capacity and 24/7 
availability. 

SOURCE Section A.7 of the KPI Survey Methodology: Distance to PLN Grid 
Table 29: Indicator 10: Distance to the grid 
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3. Methodology  

3.4.4.3 Quantification of the selected KPIs for comparison 

To be able to formulate a comparison both per site and per scheme by making use of these 
indicators, it was necessary to quantify them in a systematic way.   For this reason, in the Annex 3 
the numerical allocation for each type of answer is presented, within a spectrum that goes from ‐1 
(bad) to +1 (good), with reference values depending on the type of answer. 

As for the calibration of the scale, that is the answer for each indicator that could be associated to 
the intermediate value of 0, several approaches have been identified, as presented below: 

INDICATOR Reference values SOURCE 
Community Satisfaction Mostly Satisfied/Satisfied KPI Survey 

Civil Construction On Average KPI Survey 
Electro‐mechanical Equipment On Average KPI Survey 

Repairing Time 7 – 14 days Experience 
Water Competitive Use ‐ KPI Survey 

Extreme Weather Conditions 
Less than five Flashfloods and five Landslides 

per year 
KPI Survey 

Community Involvement On Average Experience 
VMT Organization On Average KPI Survey 

Financial Administration 50 – 150 thousand IDR per month Experience 
Distance to the grid 10 – 20 km KPI Survey 

Table 30: Calibration of the Indicators 

As it can be noticed from the above Table 30, for few indicators the calibration was based more on 
the EnDev team experience and relative evaluation than on absolute assessments. For instance, in 
the case of the repairing time, the average, equal to 7‐14 days, was defined as the “time considered 
acceptable for the retrieval of spare parts and their installation in order to restore the MHP 
operations”.  The reason why such a qualitative approach has been used in many situations lies in 
the fact that the emphasis of the research is not put on counting and calculating on the basis of the 
observation results, but more on comparing and interpreting these results among the different 
supporting schemes in Indonesia. 

3.4.4.4 Assessment as per criteria 

In this section, the analysis was carried further to take into consideration various other factors that 
affect the ultimate sustainability of the MHP sites beside their belonging to one scheme or another, 
such as the commissioning year, the regional differences and a particular focus on the training 
capacity. 

 

  

50 | P a g e  
 



4. Results and Analysis 

4 Results and Analysis 

4.1 Not‐in‐operation sites 

4.1.1 Overall assessment 

Table 31 shows the not operational sites at the time of the survey. The table can be analyzed both 
by region (horizontally), or by scheme (vertically). The peach‐colored areas present the partial 
totals as well as the percentages of not‐in‐operation sites over the number of surveyed sites for 
each region or supporting scheme. 

For each box, the number of the total surveyed sites can be found at the top‐right corner, whereas 
in the bottom‐left part both not‐in‐operation (red) and in‐operation sites (green, by difference of 
the two other values) can be read.  

 

Table 31: In‐operation and Not‐in‐operation MHPs 

As it can be noticed, there are relevant difference both among the supporting schemes and the 
regions.  

The bottom right corner of the matrix shows how out of 32 sites surveyed, 9 were not in operation 
at the time of the study, representing the 28% of the total. This could serve as an indicator of the 
sustainability of such systems over the medium‐long term, with more than one site over four not 
operational. However, a deeper case‐by‐case analysis of the reasons in the following paragraphs 
will show that several different aspects, in many cases beyond to the control of the supporting 
schemes, are the cause of these failures.  

In Figure 12 and Figure 13, a graphical representation of the results can help to visualize the main 
differences and trends.   
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4. Results and Analysis 

Figure 15: Causes of disruption 
‐ Pasapa Mambu 1 

Figure 14: Broken 
Penstock ‐ Pasapa 

Mambu 1 

While the correlation between sustainability and supporting schemes will be subject to deep 
analysis in the following Paragraph 4.3, the regional differences, addressed in the Section 4.4.1, will 
be specifically focused on the different cultural attitudes of the beneficiary communities of the MHP 
systems.  

4.1.1 Not‐in‐operation site‐by‐site analysis 5 

In this paragraph, in order to provide a better understanding of the reasons behind the stop of 
operations of the sites, a case‐by‐case analysis was developed with the support of the Ishikawa 
diagram presented in Paragraph 2.2.3.1. 

4.1.1.1 Sul081 (EnDev1, 2006) – Pasapa Mambu 1,  Mamasa 

In the case of Pasapa Mambu 1, two 
main causes were found in the 
disruption of operations, both related 
to social conflicts: among two different 
communities and between the 
beneficiary community and its VMT. 

The former clash was believed to be the 
one that resulted in the breakage of the 

penstock, as it can be seen in Figure 15, 
which was made by human action.  

According to the local VMT, this “act of 
vandalism” was attributed to a nearby hamlet, which had previously seen rejected its request to be 
connected to the MHP service due to the technical limitations of the system, namely the limited 
capacity of the plant and the excessive distance of the settlement.  

5 Data concerning the year of each site is from now on extrapolated from the KPI Survey Methodology and refers 
to the commissioning year 

Figure 13: Disruption of operations of MHP by 
scheme 

Figure 12: Disruption of operations of MHP by 
region 
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4. Results and Analysis 

Regardless the real motivations why the connection was denied – which were impossible to be 
determined in depth – the consequences of such decisions brought to the stop of operations. 

The second type of conflict, the one between the community and the VMT, started from the 
impossibility of the VMT to fix the penstock due to the lack of collected funds. The village accused 
the team of not having managed properly the collected monthly fees and as consequence all the 
members of the VMT left the village. 

The MHP system was abandoned since then, due to lack of knowledge and willingness to re‐start 
operations.  

CAUSE: Social Conflicts 
ESTIMATED REESTABILISHMENT OF THE OPERATION: Never again 

 

4.1.1.2 Sul065 (EnDev1, 2006) – Sasakan, Mamasa 

In Sasakan, the village 
stopped the operations 
due to a controversy 
between the village and 
the owner of the land 
crossed by the channel. 

The landlord claimed 
that the additional flow 
that would be diverted 
into the channel – 
currently used for irrigation – for the operation of the MHP would cause severe erosion to the 
embankments.  

Not even the proposal of building a concrete construction for the channel moved the owner from 
his position and no solution to this issue was seen in the near future.  

CAUSE: Social Conflicts 
ESTIMATED REESTABILISHMENT OF THE OPERATION: Never again 

 

  

Figure 16: Causes of Disruption ‐ 
Sasakan 

Figure 17: Channel claimed to 
erode private land ‐ Sasakan 
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4. Results and Analysis

4.1.1.3 SulSel028 (EnDev2, 2012) – Appang Batu, Toraja Utara 

In this site, the 
construction of the 
MHP plant started in 
2009 and the 
commissioning 
occurred in 2012. 

However, in 2010, the 
government‐owned 
electricity provider 
company PLN 
connected the village 
to the national grid, thus competing with the MHP plant under construction at the time. 

This happened despite the fact that at the time the MHP project was approved, the PLN local 
management didn’t have any plan to connect the village to the electrical grid for many years to 
come, hence making the hydro‐power system a viable alternative.  

As a consequence of the new connection, however, the community decided not to start MHP 
operations due to lower monthly fees offered by the grid. At the time of the survey, the village was 
in the process of deciding whether it was opportune or not to sell the electro‐mechanical 
components of the MHP. 

This example brings to light one of the main problems of these systems in terms of sustainability, as 
making sure that no connection to the grid would occur in the near future was one of the priorities 
for the approval and funding of a MHP project. However, based on the EnDev team experience, 
sometimes it was impossible to know the future plans for the grid expansion in the area, either 
because the PLN company wasn’t willing to disclose such information, or just because there was not 
real expansion plan over the medium‐long term. 

CAUSE: Connection to the grid 
ESTIMATED REESTABILISHMENT OF THE OPERATION: Never again 

Figure 18: Causes of disruption ‐
Appang Batu 

Figure 19: Grid Connection ‐ 
Appang Batu 
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4.1.1.4 SulSel020 (EnDev2, 2012) – Sapang Kua-Kua, Toraja Utara 

Sapang Kua‐Kua, in the region of Toraja Utara, is affected by a similar problem of the above‐
mentioned Appang‐Batu.  

In fact, while the main reason behind the stop of the operations was a recent landslide that was 
under‐repair at the time of the survey, it was nevertheless expected that the site would stop 
operations in the near future and for good. The motivation was once again the recent connection to 
the PLN grid, which left only thirteen households still connected to the MHP, among which six also 
benefitted from the connection to the grid.  

Such a low connection rate, most likely fated to decrease even further in the future, will be hardly 
capable of dealing with the fixed costs related to the operations and maintenance of the MHP 
system over the medium‐term. 

CAUSE: Landslide 
ESTIMATED REESTABILISHMENT OF THE OPERATION: Soon, but with estimated shut-down in the 

      medium term 

4.1.1.5 Kadundung I (Others, 2000) – Tana Toraja 

Also in the case of Kadundung I, 
operations stopped due to a 
landslide. The community was 
waiting until the end of the rainy 
season to repair the damaged 
civil works. 

CAUSE: Lanslide 
ESTIMATED REESTABILISHMENT 
OF THE OPERATION: Soon 

Figure 20: Causes of disruption ‐ Sapang Kua‐
Kua 

Figure 21: Landslide ‐ 
Sapang Kua‐Kua 

Figure 23: Cause of disruption 
‐ Kadundung I 

Figure 22: Landslide ‐ 
Kadundung I 
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Figure 26: Broken Generator – 
Lemo Menduruk 

Figure 24: Cause of distruption ‐ 
Embonatana and Lemo Menduruk 

Figure 25: Burnt 
Panel ‐ 

Embonatana 

4.1.1.6 Embonatana (Others, 2005) – Luwu Utara (Seko) & Lemo Menduruk (Others, 2007) – 
Tana Toraja 

For the two sites of Embonatana and Lemo Menduruk, the MHP stopped operating for technical 
reasons, respectively the burning of the control panel and the break‐down of the generator. 

In the specific case of Embonatana, it is worth noting that the community had collected funds for six 
years after the burning before being able to purchase a new control panel in early 2013. However, 
the lack of expertise of the community in the installation as well as a long period of not‐operations 
of the plant resulted in the fact that the system wasn’t working at the time of the survey. 

EMBONATANA: 
CAUSE: Burning of the Control Panel 
ESTIMATED REESTABILISHMENT OF THE OPERATION: Never again 

LEMO MENDURUK: 
CAUSE: Break-down of the generator 
ESTIMATED REESTABILISHMENT OF THE OPERATION: Soon 
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4. Results and Analysis

Figure 28: Cause of disruption ‐ 
Padang Balua & Pasapa Mambu 2 

Figure 29: Broken Channel ‐ 
Pasapa Mambu 2 

Figure 27: Improper weir ‐ 
Padang Balua 

4.1.1.7 Padang Balua, Eno (Others, 2012) – Luwu Utara (Seko) & Pasapa Mambu 2 (Rural 
PNPM, 2012) – Mamasa 

Pasapa Mambu 2 site experienced the rupture of the concrete channel after a few months’ 
operations due to the low standards of the civil works.  At the time of the visit, the community had 
just decided to replace the actual channel with pipes. 

As for Padang Balua, the poor quality of the weir caused the stop of operations on average once per 
month, namely every time heavy rains increased the flow of the nearby river and completely 
destroyed the weir.  

However, it was admirable the capacity of the community to promptly fix it every time. 

PASAPA MAMBU 2: 
CAUSE: Rupture of the channel 
ESTIMATED RESTABILISHMENT OF THE OPERATION: Soon 

PADANG BALUA: 
CAUSE: Poor-quality weir 
ESTIMATED RESTABILISHMENT OF THE OPERATION: Soon 
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4.1.2 Correlation between the disruptions and the commissioning year 

Figure 30 shows a correlation between the number of not‐operational sites and their 
commissioning year. As it can be noticed, there’s no apparent correspondence between the age of 
the site and its ability to operate over time, indicating that older sites are still able to compete with 
newer ones in terms of performance.  

On the contrary, as many as three sites commissioned no more than one year ago (2012) were 
having problems at the time of the survey. 

Figure 30: Not operational sites by commissioning year 

4.1.3 Correlation among the reasons of disruption of the MHP operations 

In the following Table 32 a more comprehensive overview of the reasons behind the disruption of 
the operations is shown. 

Table 32: MHP Operational Disruption Matrix 

The green background shows the sites that were supposed to be able to reestablish the operations 
soon in time, while the red background shows the ones that shut‐down the system for good.  
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Between the two categories, in yellow, the site in Sapang Kua‐Kua: this site, despite the fact that it 
was thought to able to reestablish the operations soon after a landslide, it was at the time of the 
survey expected to shut down in the medium term, due to the fast pace at which the households 
were switching from the MHP to the newly available connection to the PLN.. 

Based on this categorization, a trend can be noticed: while none of the EnDev1 and EnDev2 sites 
experienced disruption of operations due to technical reasons at the time of the survey, social, 
economic and environmental aspects appear to have had fatal consequences on the operations of 
the MHP.  

On the other hand, regarding the “Rural PNPM” and “Others” categories, the main reasons behind 
the disruption of the service were of technical nature, mainly the poor quality of the electro‐
mechanical system and of the civil works. These factors, which can be easily related to a deficiency 
in the engineering design and construction of the MHP, were in most cases handled by the 
communities and fixed in a relatively short‐time, hence restoring the operation of the system.  

In particular, the construction of civil works represents in most cases the most expensive and most 
time‐demanding module of MHP systems. However, the relatively low complexity of such 
components, together with the easiness with which their function can be understood by the 
communities, make this part of the plant the easiest to be fixed without the support of external 
technical expertise.  

4.1.3.1 Controllable Causes: Technical 

By considering the technical failures of the MHPs as a “controllable” cause, in the way they can be 
easily avoided by a better engineering of the system, it is possible to see how a sub‐optimal 
technical design and construction of the system causes problems to the operations which in most 
cases can be managed by the communities themselves, provided that they have access to spare‐
parts providers, local workshops and the support of experts.  

4.1.3.2 Semi-controllable causes: Social, Environmental and Economic 

As for the social, environmental and economic reasons behind the disruption of the MHP 
operations, which can be defined as “semi‐controllable” due to the fact that the extent to which they 
can be minimized varies case by case, the consequences can be dramatic for the sustainability of 
MHP. 

4.1.3.2.1 Social 

Social conflicts can rise independently from the technical performance of the system. If not 
addressed properly, these can cause the complete stop of operations. As for the mitigation of this 
issue, many initiatives could be put in place, such as a stronger social involvement of the 
communities, the setting of clear rules and authorities, and the training of the VMTs. 
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4.1.3.2.2 Economic 

Like in the case of social, economic factors can be addressed only up to a certain extent, especially 
for issues like the one experienced in the surveyed sites of Sapang Kua‐Kua and Appang‐Batu, 
related to the connection to the grid. In this case, the decision of the PLN to connect the sites 
despite the presence of MHP was completely beyond the control of the technical support provided 
by EnDev. However, there are other aspects, such as the setting of a good financial administration 
within the community or the definition of appropriate monthly fees that can be addressed. 

4.1.3.2.3 Enviromental 

Environmental extreme weather conditions can’t be controlled. However, a good initial design of 
the system that takes into consideration also these events can help limit catastrophic consequences 
on the performance of the MHPs. 

4.1.3.3 Conclusions 

This analysis shows how several factors contribute to the sustainability of micro‐hydro power in 
Indonesia. Some, such as the technical ones, appear to be more easily manageable by a better 
overall quality of the system during the engineering phase. Others, such as environmental factors, 
are harder to control and handle by the communities. Finally, social and economic aspects are more 
related to human interactions between the people and therefore subjected to a complex system 
where many different factors are involved and sometimes even hard to identify. However, in the 
latter case, conflicts and lack of communication can have fatal consequences on the operation.   

4.2 Sustainability Analysis site by site 

Based on the sustainability model presented in the Paragraph 3.4.4 it was possible to allocate a 
numerical final score of sustainability from ‐1 to +1 to each of the sites surveyed, defined as the 
average of the ten indicators of sustainability.  

By ranking these values from the higher to the lower, it resulted that the three best sites in terms of 
overall sustainability were within the EnDev2 scheme, with a range between 0.60 and 0.55. 

On the other end of the ranking scale, concerning the three worse performing sites in the list, they 
were equally distributed in the three remaining categories, namely Rural PNPM, EnDev1 and 
‘Others’, with a range that went from ‐0.56 to ‐0.75. Among these last three, only two of them were 
not in operation at the time of the survey – Kadudung I (Paragraph 4.1.1.5) and Pasapa Mambu I 
(Paragraph 4.1.1.1) – while the worst one in absolute, Bala‐Rante Limbong with a value of ‐0.75 was 
in operations at the time of the visit6. 

As for the average value among the sites in terms of overall sustainability, this was equal to ‐0.12. 

6 For a more exhaustive analysis of the best and the worst sites in the comparison, refer to the factsheets in 
the Annex 4: Sulaku (Luwu Utara – Rampi)‐ EnDev2: a good sustainability case and Annex 5: Bala Rant. (Tana 
Toraja)‐ PNPM Rural: a badsustainability case 
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Figure 31: Sustainability by Site 

Finally, as it can be seen from Figure 31, there’s a good level of correlation between the different 
schemes and the sustainability score obtained by each site, with only few sites in the category 
‘Others’ acting as out‐lyers, mainly due to their various natures of support received. 
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4.3 Sustainability analysis by supporting scheme 

In this paragraph, a comparative analysis by supporting scheme was performed, based on the 
sustainability model defined both in terms of sustainability factors – technical, social, economic, 
environmental – and phases of the MHPs – Design&Build and Train&Operate. 

4.3.1 DB&TO Analysis 

In Figure 32 the sustainability assessment by scheme and phases is presented. 

Figure 32: DB&TO by Scheme 

The chart shows a wide range of results, with the EnDev2 sites presenting very good performances 
as for the Design&Build phase, which confirms the statement quoted in the Paragraph 1.2 from the 
report of the World Bank concerning the better material quality. 

However, surprisingly and in apparent contrast with the research hypothesis, EnDev1 was the 
worst player in terms of overall sustainability among the four schemes, with ‘Others’ and Rural 
PNPM being very similar and better performing with an overall score of ‐0.16. 

4.3.1.1 Design&Build 

As for the Design&Build phase, the main reasons behind the performances of EnDev2 sites were the 
high quality of the civil constructions and the electro‐mechanical equipment, with the respective 
values of +0.44 and +0.78. 
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For the EnDev1 sites, on the contrary, the indicator that most caused the lowering of the final score 
against the other schemes was the “Community Satisfaction” with a value of ‐0.67 against a +0.33 
for the category ‘Others’ (which also exceeded the score for EnDev2, +0.14, and Rural PNPM, with a 
‐0.14).  

However, it needs to be taken into account that the score for “Community Satisfaction” for the 
category ‘Others’ was based on three sites only, since the remaining four sites of the scheme were 
not in operation and therefore inferences on the quality of electricity supplied couldn’t be made. 
Finally, it is also worth noticing that the two above mentioned sites were found in the region of 
Luwu Utara, characterized by a particular commitment of the local communities in the operations 
of the MHP, while all the EnDev1 sites were located in the Mamasa region. 

These considerations bring to the light another important aspect, related the cultural and 
economical differences among the regions that could deeply affect the overall sustainability of the 
MHP systems. This issue is better addressed in the Paragraph 4.4.1. 

4.3.1.2 Train&Operate 

In this phase, the performances of the EnDev2 sites were still the first among the schemes, but with 
a less sharp advantage. Once again, EnDev1 performed worse than any other scheme.  

In this phase, the analysis is more complex than the previous one and therefore an indicator‐by‐
indicator analysis was fashioned for the most relevant ones. 

4.3.1.2.1 Community Involvement 

Community Involvement was one of the main factors that brought ‘Others’ to better perform than 
EnDev1 in this phase, which would have otherwise been very similar; with a value of +0.57, the 
category ‘Others’ presented indeed the highest value, surpassing EnDev2 with a +0.33 and Rural 
PNPM and EnDev1 with +0.00.  

The main reason behind this score was believed to be due to the local context in which these 
systems were implemented, being built in most cases either by the communities themselves (2 
sites) or by the provincial and district governments (3 sites) and not by the national government. 
This factor was thought to have contributed to a higher degree of involvement and understanding 
of the local needs of the beneficiaries. 

4.3.1.2.2 Financial Administration 

This factor showed an evident discrepancy in terms of the ability of the different sites to provide 
long‐term operations in case of breakages and exceptional maintenance. In this case the EnDev2 
sites outperformed compared to the other schemes, with an average capacity of monthly savings 
equal to 315,000 IDR per month against 33,000 IDR (Others), 27,000 (Rural PNPM) and 9,000 IDR 
(EnDev1), which is equal to 0.69 Euros7. 

7 Exchange Rate as of 10th June 2013 
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If the monthly savings for EnDev2 sites are considered barely sufficient to face any out‐of‐ordinary 
repair in the medium‐long term, then the other schemes were believed not able to  guarantee long‐
term operations without any additional external economic aid in case of breakages.  

A closer insight to this aspect can be found in the Paragraph 4.4.3. 

4.3.1.2.3 Repairing Time 

Strictly correlated to the factor above, even in this case the capacity of the community to fix a 
technical problem in a short lapse of time showed different performances based on different 
schemes.  

Having previously considered an acceptable repairing time equal to 7‐14 days, only EnDev2 sites 
outperformed with an historical recorded average time of 5 days (1 working week) against 25 days 
(EnDev1), 32 days (Rural PNPM) and 62 days (Others).  

Concerning the latter, an average repairing time of 62 days was mainly due to the lack of any 
training or technical support provided to these sites in the early stages of the commissioning. 

A closer insight to this aspect can be found in the Paragraph 4.4.4. 

4.3.2 Sustainability Analysis 

In this paragraph a similar by‐scheme comparison as above was carried out, under the new 
perspective of the four pillars of sustainability, namely technical, environmental, social and 
economic. 

Figure 33: Sustainability by Scheme ‐ Chart 
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Figure 34: Sustainability by Scheme ‐ Radar 

Figure 33 and Figure 34 show how different aspects of sustainability have been addressed in each 
scheme. As it can be seen EnDev2 better performed in almost all aspects, with an evident major 
focus on technical sustainability, which is also the aspect in which EnDev1 sites performed worse in 
absolute.  

4.3.2.1 Technical Sustainability 

EnDev2 sites led in terms of technical as well as social sustainability, thanks to the high quality of 
the systems and the extensive technical training that help to face problems of technical nature.  

As for the quality of the MHP plants’ construction, most of the EnDev2 perform above the average 
due to the high standards of civil works and electro‐mechanical equipment.  

The main reasons why most of the sites where characterized by a full score, are the following: 

• High quality of the weir, intake, channel and forebay as well as of the related components;
• Powerhouse in concrete, clean and with no presence of water leaking in during rains;
• Presence of lighting rod connected to the ground;
• Turbine and generator well anchored and welded;
• Belt aligned and caged for safety reasons;
• Clear arrangement of the components inside the control panels as well as of cabling;
• Presence of kWh‐meters and hour‐meters in many sites;
• ELC installed and caged for safety reasons.

As it can be noticed, these aspects go beyond the basic criteria for the definition of “average” of the 
civil works and the electro‐mechanical equipments expressed in the paragraphs 3.4.4.2.2 and 
3.4.4.2.3. 
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4.3.2.2 Environmental Sustainability 

Environmental sustainability is among the most difficult aspects to control, as it is affected by 
external causes that are in many cases difficult to prevent.  

In the specific case of this analysis, two factors were taken into consideration: extreme weather 
conditions and water competitive use.  

As it can be seen, all the four schemes performed similarly, with a slightly better output in the case 
of Rural PNPM sites, in the way these sites appeared being less affected by extreme conditions such 
as flashfloods and landslides. 

4.3.2.3 Social Sustainability 

Social sustainability was well achieved in the case of EnDev2 and ‘Others’ sites. However, if in the 
case of EnDev2 this score was achieved by a good balance between community involvement and 
VMT performance, in the case of ‘Others’ there was a strong imbalance between the two factors, 
with the worst score among the schemes for the VMT Organization ‐ equal to ‐0.25 – 
counterbalanced by the best community involvement, as analyzed in the previous paragraphs. 

4.3.2.4 Economic Sustainability 

The economic factors represented probably the most critical aspects for the long‐term 
sustainability of these systems, with all of the four schemes performing under a secure threshold. 

If as discussed before EnDev2 sites were able to collect a relevant amount of monthly savings in 
order to face technical issues, their proximity to the electrical grid threatened their capacities in the 
long‐term to be economical attractive for the beneficiaries, due to the higher monthly cost 
compared to the latter.  

On the other hand, the other systems were usually not able to collect enough money for repairs and 
the communities were usually dependent on external donors or they went into debit to re‐start 
operations, as it happened in few sites with negative balance. 

4.3.3 Comprehensive Matrixes 

In the following charts a numerical analysis by scheme can be found, with the highlighting of the 
most interesting aspects that have been identified in this study. In the specific, each score has been 
highlighted as follows:  

DEFINITION Below the average On average Above the average 
SCORE From ‐1.00 to ‐0.25  From ‐0.24 to +0.24 From +0.25 to +1.00 

Table 33: Score highlighting legend 
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As it can be noticed for the EnDev1 scheme, the most critical aspect of sustainability was the 
technical one, at any stage of the MHP life, with all the indicators being below the average. 

In the same way, EnDev1 communities were characterized by a bad financial administration which 
was in most cases completely unable to face any technical problem that could rise over time.  

As for the Rural PNPM, similar problems were brought to light, but to a less sever extent. 

Table 34: EnDev1 Comprehensive Matrix 

Table 35: Rural PNPM Comprehensive Matrix 

Concerning the category ‘Others’, as anticipated, the below‐the‐average performance on technical 
aspects were counter‐balanced by a high degree of community involvement as well as the 
community satisfaction for the quality of the electricity provided. 

Moreover, these sites were on average far from the electricity grid, thus guaranteeing long 
economic sustainability provided that financial administration would improve. 
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Table 36: ‘Others’ Comprehensive Matrix 

Finally, EnDev2 sites excelled in most of the aspects, with the only exception of the extreme 
weather conditions that could affect the operations. 

Table 37: EnDev2 Comprehensive Matrix 

4.4 Assessment as per Criteria 

In this paragraph different aspects have been addressed in order to make a better understanding of 
the results and to focus on some relevant factors that affect the performance. 

4.4.1 Regional Differences 

As anticipated in the previous paragraphs, the performances of the systems were found to be 
affected by the regional differences in terms of wealth, location and community involvement. 

For this reason, a more detailed analysis was necessary in order to better understand the factors 
that played a key‐role in altering the outcomes deriving from the model. 
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Figure 35: DB&TO by Region – Chart 

Figure 36: Sustainability by Region ‐ Chart 
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Figure 37: Sustainability by Region ‐ Radar 

Figure 35, Figure 36 and Figure 37 show how relevant differences between different sites rise when 
they are allocated by region and not by scheme. 

4.4.1.1 Toraja Utara 

As for Toraja Utara, the wealthiest and most touristic region among the four, only three sites were 
surveyed, all belonging to the EnDev2 scheme. While as expected the quality of the MHPs was very 
high due to the scheme these systems fell into, it was interesting to notice how little sustainability 
was achieved in the second phase of the systems, that is the Train&Operate stage, mostly due to 
lack of social and economic sustainability. 

As a matter of fact, two out of three sites – SulSel020 and SulSel028 ‐ were not in operations at the 
time of the survey, one due to the connection to the grid (the system never started operations) and 
the other due to a landslide. However, concerning the latter, the recent connection to the grid was 
causing an increasing rate of switching among the HHs. 

Moreover, very low scores for the indicators related to the trainings – VMT Organization and 
Financial Administration – and the community involvement brought to the conclusion that despite 
the high quality of the systems on a technical point of view, the little commitment of the beneficiary 
communities to the operations of the MHPs made the overall sustainability score dropping to +0.16. 

4.4.1.2 Luwu Utara 

The region of Luwu Utara is the second one performing in terms of overall sustainability, albeit 
most of the contribution came from those indicators in which the sites in Toraja Utara performed 
worse. 
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In fact, for the 10 surveyed sites in Luwu Utara, which are equally distributed among the three 
schemes of EnDev2 (3 sites), Rural PNPM (2 sites) and ‘Others’ (5 sites), the Train&Operate phase 
was the one pulling up the final score of sustainability to +0.04. 

The main reasons behind this difference were to be found in the remoteness of two sub‐districts in 
the region, Seko and Rampi, where seven sites were surveyed. 

These two districts of the Luwu Utara region are characterized by their isolated locations and the 
fact that they can be accessed only through muddy roads which are impassable for most part of the 
year, due to the frequent floods during the rainy reason. 

When accessible, these “roads” are in any case viable only by special motorcycles – which limits the 
possibilities of transporting goods – or by small airplanes – whose tickets are too expensive for 
being used for regular commuting. In no case, these districts were accessible by any type of car. 

Diesel GenSets VS MHP in the disctricts of Rampi and Seko (Luwu Utara) 

As a consequence of this complex situation, the only viable alternative to micro‐hydro power for 
electricity generation in the local communities was offered by the Diesel GenSets, which run on 
diesel that was surcharged of the 230% compared to market price (from 4.500 IDR to 15.000 
IDR) due to the difficulties of transportation already mentioned.   
These small Diesel GenSets owned by each household usually need one liter of diesel to provide 
electricity for lighting and small appliances for about two‐three hours. Therefore, assumed to use 
electricity during evening time, from 6 p.m. and 12 a.m., each household would roughly spend 
30.000 IDR per day. 
As a term of comparison, MHP monthly fees in the surveyed sites equal to 10.000 – 30.000 IDR 
per household per month. Even considering raising the monthly fees in order to increase the 
economic sustainability of these systems, which was found to be a critical aspect, this amount of 
money would be in any case much less than running a Diesel GenSet, especially considering that 
there are theoretically no time limitations for daily operational hours. 

Table 38: Diesel GenSets VS MHP in Seko and Rampi (Luwu Utara) 

Considering finally that the closest cities and grid connections were 120 km far in Seko and 85 km 
in Rampi, no other economically viable alternatives for electricity generation were seen in the 
short‐medium term for these districts, making MHP generation extremely attractive.   

For all these reasons, it is clear why the sites in Luwu Utara were characterized by the highest 
scores in terms of community involvement (+0.50) and satisfaction (+0.38) as well as by a very 
good financial administration with one site, SulSel070, collecting on average 880.000 IDR per 
month in savings.  
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4.4.1.3 Tana Toraja 

In the Tana Toraja region, which borders with Toraja Utara and is characterized as well by a high 
level of wealth and tourism, seven sites were surveyed, split as follows: 2 EnDev2 sites, 3 Rural 
PNPM sites and 2 ‘Others’ sites, both not in operation at the time of the visit, one for environmental 
reasons and the other for a technical failure. 

These sites were characterized by a lack of technical sustainability, particularly interesting if 
compared to the neighbor region of Toraja Utara, characterized by an opposite performance.   

However, these two regions shared the two worst performances in terms of financial 
administration, showing a certain inability to save money for achieving a long‐term economic 
sustainability, which could be either associated to a cultural aspect  or to a lack of training by the 
local facilitators.  

4.4.1.4 Mamasa 

Among the four regions, Mamasa is the poorest region. With eight sites all belonging to the EnDev1 
scheme, it was also the worst one performing at any phase of the plants, with a particular low score 
as regards the repairing time and the financial administration, which are strictly related.  

4.4.1.5 Conclusions 

In the following tables a summary of the performance by region by indicator is shown, with the 
same allocation of values defined in Table 33. 

Table 39: Toraja Utara Comprehensive Matrix 
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Table 40: Luwu Utara Comprehensive Matrix 

 

Table 41: Tana Toraja Comprehensive Matrix 

 

Table 42: Mamasa Comprehensive Matrix 

As it can be noticed from the previous analysis, regional differences influence the ultimate 
sustainability prospects in the way the context can strongly alter the results in terms of social and 
economic perspectives. Moreover, like in the case of Toraja Utara region, it looks clear that 
technical sustainability itself might not be enough to guarantee overall sustainability over the long 
term. 
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4.4.2 Age 

Despite the fact that the sustainability indicators defined in this study are time‐independent, some 
time correlation have been fashioned and hereby discussed. 

The only indicator that could be partially related to time could be the distance from the grid, due to 
the fact that between the commissioning date and the survey the grid could have approached some 
sites hence lowering the score related to this indicator. In order to take this factor into 
consideration, the spectrum for this indicator was lowered, going from ‐0.5 to +0.5, thus lowering 
its weight, as shown in the Annex 3. However, as it can be seen from the previous analysis, the 
EnDev2 sites, which are the newest one in terms of months of operations, are actually the second 
worse performing in terms of distance from the grid, with a score of ‐0.17, thus showing that older 
systems, such as ‘Others’, yet performed better despite the time lapse between the commissioning 
and the survey. 

As for the site in Kadundung I (Tana Toraja, Others, 2000), it was acknowledged that its behavior in 
any time‐related chart was acting as outlier due to “measurement error”, i.e. incorrect information 
concerning the budget year. For this reason, according to the literature in the field, it was decided to 
discard it from any of these graphs. 

4.4.2.1 Age by Scheme 

According to the time frame of the support schemes and the boundaries of this study, the MHP 
taken into consideration differ in the commissioning date, starting from 2006 onwards, with the 
exception of three sites due to conflicting initial information on the commissioning date, as already 
discussed. 

Figure 38: Age by scheme 
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Figure 38 shows the average age of the sites by scheme, expressed in months of operation since 
commissioning, as of May 2013. 

Sites falling in the category ‘Others’ are on average the oldest, albeit with a high standard deviation 
with some very old sites as well as very new ones.  

EnDev1 comes with all the sites being commissioned between 2006 and 2009, which is followed by 
the Rural PNPM sites, starting from 2009 onwards, with one site being no more than few months 
old. 

Finally, EnDev2 sites, for the most part commissioned in 2012 and being the newest ones.  

4.4.2.2 Sustainability VS Age 

Figure 39 shows the sustainability score of each site against its commissioning date, regardless of 
the support scheme or the region.  

Despite the presence of some scattered sites and the fact that the commissioning date is related to 
the funding scheme, it is interesting to notice how the linear regression line shows that over time 
MHP in Sulawesi has experienced a constant increase in the overall sustainability, hence offering a 
promising perspective for the future of these systems. 

 

Figure 39: Sustainability Index VS Commissioning Date 

In the following Figure 40, a similar analysis has been carried out, with the breakdown of the 
sustainability index into the four pillars analyzed in this study. 
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Figure 40: Sustainability Factors VS Commissioning Date 

As expected, due to the high degree of technical sustainability of the EnDev2 sites in the recent 
years, this factor has experienced the highest pace of growth over time.  

On the other side, the environmental sustainability is the one that benefitted of less attention 
despite the fact that is one of the main causes in the disruption of operations for the MHP sites 
surveyed in this study.  

Social and economic sustainability have faced a similar growth, which also confirmed the strict 
correlations between these two aspects.  
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4.4.3 Financial Administration 

 

Figure 41: Monthly Savings by Scheme 

Figure 41 presents a graphical representation of the indicator related to the financial 
administration, in terms of monthly savings.  

In the case of ‘Others’ and Rural PNPM, few sites presented a negative balance which forced the 
beneficiaries to borrow cash either from external donors or from other economical resources 
internal to the communities. 

EnDev1 is the worst performing site with insufficient monthly savings being collected which can be 
used to fix any problem of technical nature.  
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4.4.4 Repairing Time 

 

Figure 42: Repairing Time by Scheme 

Figure 42 shows how the sites belonging to different schemes were differently able to cope with 
repairing and retrieving spare parts, with extreme situations where more than 100 days were 
required to fix the problem8. 

Once again, EnDev2 performs much better due to the extensive training provided to the VMTs that 
can easily get in contact with suppliers and workshops.  

  

8 For the purposes of this model, in this case only 100 days have been counted. 
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4.4.5 Availability Factor 

View on how much time the systems were being operated are captured in the graph of availability 
factor with time. Availability factor is a ratio between actual operating time and its full operating 
time. As shown in the graph that there is similar pattern between new and older system regarding 
the availability of electricity from MHP system. Most sites were operating above 50% of the 
maximum time, meaning electricity were available more than 12 hours per day for most surveyed 
sites. Particularly for Rural PNPM and EnDev2, they had 65% availability time for most of their 
sites. In this graph, five sites are opted out due to their long operational disruption which makes 
their data irrelevant to be used in this analys. Those five sites are 2 sites from EnDev1, 1 site from 
EnDev2, and 2 sites from ‘Others’.  

 

 

Figure 43: Availability Factor VS Time
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5 Discussion and Conclusions 

Section 4 has analyzed different aspects of sustainability for the two main phases of the life of an 
MHPP through the use of a sustainability model which was fashioned specifically for the purpose of 
this study.  

This systematic approach allowed defining strengths and weaknesses of each supporting scheme, 
yet taking into consideration various factors that affected the overall performance of these systems, 
such as the geographical location. 

In the following paragraphs the results and main findings are discussed under the light of the 
objective and research questions presented in the Paragraph 1.3. 

5.1 Disruption VS Sustainability 

By comparing the four supporting schemes from the best (marked with value 1) to the worst 
(marked with value 4) performing in terms of incidence of disruption and overall sustainability, 
results appear being contrasting: 

SCHEME Sustainability Performance Incidence of Disruption 
EnDev2 1 (+0.22) 2 (2/9) 
Others 2 (-0.16) 4 (2/8) 

Rural PNPM 2 (-0.16) 1 (1/8) 
‘Others’ 4 (-0.38) 3 (4/7) 

Table 43: Sustainability VS Disruption 

As it can be noticed, there’s no strict correlation between the sustainability of one scheme and its 
frequency of disruption, with the category ‘Others’ in particular showing a not‐consistent 
relationship between the two approaches. 

This aspect shows how the stops of operations in MHP seem not to inevitably affect the 
sustainability of a plant, provided that such interruptions can be fixed in a short time and they don’t 
occur too frequently. 

On the other hand, disruptions have to be considered as normal phases over the life of MHP, and 
what really affects the sustainability of these systems are the causes behind and the capacity of the 
beneficiaries to fix the problems promptly and successfully.  

This includes, and it is not limited to: 

• Community cohesion and motivation to make effective decisions and actions; 
• Good financial administration to be able to afford the repairments and maintenance; 
• Knowledge of vendors and workshops that can provide support and spare parts; 
• Well prepared and skilled VMT. 
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Therefore, desigining and providing technical high‐quality systems ‐ while this still plays an 
extremely important role to achieving long‐term operations ‐  might not be sufficient if not enough 
effort is put in place to guarantee that the previously‐mentiond factors are guaranteed. 

These aspects have been further address in Paragraph 5.4. 

5.2 EnDev VS non‐EnDev 

The main hypothesis upon this study was estabilished was presented in the Paragraph 1.3.1 and 
states as follows: 

EnDev concept improves the sustainability of off-grid MHP systems compared to other off-grid MHP 
schemes in the project areas of Indonesia. 

In this regards, the study shows that this hypothesis can’t be generalized as for the EnDev scheme 
as a whole, whilst it was found to be applicable only to the second period of this program, namely 
the EnDev2 phase going from 2009 to 2013. 

Therefore, if on the one hand this strong variationaffects the overall sustainability assessment of 
the support provided by the GIZ in this sector over the last eight years, on the other hand it shows a 
net improvement over time in terms of overall quality of the systems installed, passing from being 
the worst to the best supporting scheme for micro‐hydro power generation in Indonesia.  

Such amelioration in the EnDev support between the two phases is also reflected in a broader 
positive increase of the sustainability of MHPPs in Indonesia over the last years, as shows in Figure 
39. 

This aspect confirms therefore how the MHP in Indonesia has become in the recent few years a 
major player as well one of the most interesting and viable options to providing sustainable and 
long‐term energy access to the rural areas of the country, with bright prospectives for the future 
up‐scaling of these technology. 

5.3 EnDev2 VS non‐EnDev 

As for the EnDev2 scheme, the high level of sustainability reached by these sites over the others lies 
mostly in the scores obtainedon the technical side, with a total value of +0.53, the highest one 
reached among the four schemes as for the four aspects of sustainability.  

On an economical point of view, while EnDev2 sites peform relatively well as for the financial 
administration with the highest value among the four schemes, all the EnDev sites in general poorly 
score in the “Distance to the grid” indicator, which was found to be a factor that deeply affects the 
capacity of these systems to be attractive when compared to the main electricity network. 
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Following this factor, also social sustainability scores an “above the average” +0.28 for EnDev2, 
followed by the category ‘Others’ with a +0.21, although the latter also presents the second worst 
value after EnDev1 as for the technical aspects.  

As a matter of fact, despite this strong unbalance between these two aspects, the category ‘Others’ 
is the second‐better overall‐performing scheme in the comparison, whichonce againraises 
questions on which are the factors thatin final instance affect the long‐term operations of these 
systems, considering moreover that the technical aspects are on average the most‐expensive ones 
to be optimized. 

This issue is further analyzed in the following paragraph. 

5.4 Importance of the social and economic sustainability 

As mentioned before, the social sustainability was the one that allowed to the ‘Others’ scheme to 
score second in the comparison, thanks to a high degree of community involvement (+0.67) that 
characterizes this scheme and that it is thought to derive from the local context in which these 
systems were designed and built.  

Together and strictly related to this factor, also economical sustainability was found to be a very 
interesting aspect to be taken into further analysis, as the two indicators it is composed of, the 
“Financial Administration” and the “Distance to the grid” are of particular interest. 

The former was the single‐indicator worse performing in the analysis, with much that still needs to 
be addressed in order to improve the capacity of the beneficiary communities to save enough 
money in order to become completely independent from external donors in the management of the 
MHPPs over the medium‐long term.  

As for the Distance to the grid, as already mentioned, this factor has fatal consequences for the 
operations of the MHP, as the encroachement of the main grid to the village make the micro‐hydro 
system less attractive and cost –effective. 

5.4.1 For fixing Technical Problems 

Based on the analysis in the paragraph 4.1.3 concerning the correlations among the reasons of 
disruption of the MHP operations, it was found that a strict relationship existed between technical 
and environenmental causes, which were in most cases only bringing to the provisional disruption 
of the operations, and the economical and social causes, which on the other hand had fatal 
consequences on the operation of the systems.  

A particular attention goes to the ‘Others’ category, which, despite the high rate of failure of these 
systems– with 4 out of 6 sites not in operation at the time of the survey ‐, all of them but one were 
about to restore operations in the near future thanks to the high level of commitment of the 
community. 
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On the other side, unsolved social disputes such as the case of the EnDev1 site in Pasapa Mambu 1 
(Mamasa, Paragraph 4.1.1.1), which could be easily fixed in a short‐time, won’t see any future in the 
operation due to the internal conflict within the community. 

The following paragraph addresses in the specific what is thought to be one of the root‐causes 
behind these differences in terms of social involvement and as a result also the lack of a good 
financial administration, which indirectly affects the ultimate sustainability of MHP. 

5.4.2 Rural PNPM VS Green PNPM 

As presented in Table 9, while being very similar in their conception, the two programs present 
some differences which in final instance have affected the sustainability of the four schemes.  

The fact that the EnDev2 sites have been implemented under the Green PNPM program, which 
doesn’t present any cap as for the actual cost of the system but it was proposal‐based, has positively 
affectedthe overall quality of the hardware and of the civil works. 

On the other hand, the Rural PNPM program was more and better focused on the social 
involvement of the communites at the early stages of the proposal, hence increasing the sense of 
ownership of the systems thanks to the action of local facilitators.  

5.5 Recommendation 

5.5.1 For EnDev 

Based on the EnDev2 experience, a very high level of sustainability was achieved.  

However, this study brought to the light that high quality of the electro‐mechanical equipments and 
the civil works alone are not enough to guarantee the long‐term operations of these systems.  

Nevertheless, providing the better quality of the hardware system with careful design and 
workmanship results in more robust system and minimizing the cost of failure that might occur in 
the less structured system. It leads to less trouble that would be handled by the management team 
over time. In addition, following the system lifetime and nature, VMT and community are more 
demanded by maintenance and repair issues which could lead to social and economic issues vice 
versa. The hardest challenge begins in the operation phase of MHP that in most cases are 
undermined by government and donors.    

Considering moreover that the technical sustainability is the most expensive to reach in terms of 
financial resources and that some sub‐optimal components(with a specific focus on civil works) can 
be fixed by the communities themselves provided their high level of involvement and a good 
financial administration, the following recommendations are hereby presented: 

• Ensure that the grid is far enough at the time of the approval to guarantee that no 
connection would occur at least for a 5 years‐time; 
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• Decrease the monetary investment of resources in the technical aspects of the MHP, 
especially as concerns the civil works, which represent on average the 50% of the total costs 
of an MHP (Energizing Development (EnDev) Indonesia, 2012) and which are at the same 
time the easiest components to be understood and fixed by the communities; 

• Increase the involvement of the communities since the very first phases of the conception 
and their sense of belonging to the MHP; 

• Review the financial model of these systems in order to ensure that enough savings are 
collected to face problems of technical nature. 

5.5.2 For CDD Programs 

As already highlighted, the PNPM Rural and Green programs have achieved a lot in the last years in 
terms of development of the rural contexts of Indonesia. However, both programs present pros and 
cons in the way the managed to provide this support. 

In Table 43a summary of the point of strengths for each program is presented and proposed as 
optimal for future schemes.  

 PROPOSAL NOTES 

Project 
Mechanism 

• The MHP projects are selected 
and funded based on 
community’s proposal. 

• Village meetings, inter‐village 
meetings and competition among 
project proponents are part of 
the decision making process. 

The mechanism would result in a 
high sense of community ownership. 

Community 
Funding 

(Block Grant) 

Each district gets a maximum budget 
(depends on no. of poor people in the 
Kecamatan) 
 

• Higher amount than previously 
allocated by Rural PNPM  

• However, investing too much 
money in technical aspects has 
proven not to necessarly 
guarantee higher sustainability 

PNPM field 
Facilitators 

• Two facilitators in each  district 
(Technical and Social Facilitators) 

• Since the facilitators are locally 
selected, they are able to 
supervise community in a more 
regular basis 

Local facilitators on district‐basis are 
necessary to guarantee constant 
monitoring and involvement 

Table 44: Proposals for future CDD programs
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6 Looking Forwards 

6.1 Sustainability Comparison on Sumatera Island 

In this paragraph a potential follow‐up of the survey practice is proposed on Sumatera Island and 
the main reasons are addressed. 

Together with Sulawesi, Sumatera has historically represented one of the most adapt regions for 
the implementation of MHP in Indonesia. The high availability of water streams all‐year‐long, the 
particular mountainous topology of the island and the very low electrification rate of the rural areas 
create the perfect mix that has allowed over the last 30 and more years the deployment of several 
initiatives aimed at implementing MHP systems around the island. Moreover, the Green PNPM 
Program and therefore the EnDev2 support is only active in selected target locations in Sulawesi 
and Sumatera Islands. 

However, some cultural and economic differences occur between the two indigenous populations of 
Sulawesi and Sumatera, which is also believed to affect the performance and the ultimate 
sustainability of the systems. 

According to Bensch (Bensch, Peters, Sievert, & Zimmermann, 2011), the households’ assets shows 
that people in the Sumatera survey region ‐ namely Pesisir Selatan, Solok Selatan and Agam regions 
– are wealthier than the villagers living in the region of Mamasa, Sulawesi. 

In terms of monetary income per household, it was estimated (2011) that it amounted to 
approximately to 12.2 Mio IDR (981 EUR9) in Sumatera, while it was only 5.3 Mio IDR (426 EUR) in 
Sulawesi. The main reason of such a difference has to be found in the fact that in Sumatra 
households could generate remarkable cash income from the cultivation of the rubber 

51% of the households in Sumatra and only 30% in Sulawesi own a motorcycle; owning a 
motorcycle is a typical dream of an Indonesian family in rural areas. Further assets like TV, irons, 
and mobile phones are much more common in Sumatra as well 

 

9 Exchange Rate as of 28th March 2013 
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However, besides the higher level of wealth in the Sumatera region, Bensch suggests that this might 
be also due to the fact that households in Sumatra’s target regions benefit from a notably higher 
available MHP capacities compared to the MHP schemes in Sulawesi. While the available capacity 
per household is at 145 W in Sulawesi, it is at 245 W in Sumatra. 

These factors, together with several other indicators mentioned in the Bensch’s report – such as the 
collection fees system and the different contribution of productive use of energy (PUE) activities to 
the MHP load between the two islands – rise several questions on the opportunity of generalizing 
the finding of this study to the overall population of MHPPs in Indonesia.  

Therefore, in order to be able to make inferences on the overall population in the Republic of 
Indonesia, it is hereby suggested that a further step should be undertaken in the near future based 
on the analysis of the situation of MHPPs in Sumatera. 

6.2 SMS Gateway System 

In order to improve the sustainability and the operation of the systems over the medium‐long term, 
a pilot project, called SMS Gateway System, was under development at the time of the study.  

The main idea behind the concept was to solve one of the main problems encountered by the GIZ 
during its several years of experience in the implementation of MHP systems in the rural areas of 
Indonesia: due to the several difficulties to reach these sites because of their remoteness and the 
consequent difficulties to monitor the actual functioning of these plants on regular‐basis, very little 
information could be retrieved on the actual sustainability of the project after the commissioning 
and the hand‐over of the plants. 

Therefore, in order to tackle this problem, taken into consideration that no internet coverage was 
available in any of the MHP sites implemented by EnDev, it was considered appropriate to establish 
a channel of communication with the local communities through the use of SMS (short message 
service). In fact, phone coverage is available in the quasi‐totality of the sites or in any case at a 
short‐distance from the village, which could be reached by few hours walking.  

Figure 44: Assets and Wealth Indicator in Sulawesi and Sumatera ‐ (Bensch, Peters, Sievert, & 
Zimmermann, 2011) 
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Specifically, the main purpose of the SMS Gateway systems is to: 

• Collect and monitor regular data
• Receive opinion and comments from villagers
• Analyze status of performance
• Give feedback on their performance in comparison to other sites

In order to make this data collection and elaboration smoother and more efficient, a software 
platform, called BReIDGE®, was developed with the goal of being able to collect, elaborate and reply 
– both automatically and manually – to the data received.

Two different types of SMS are allowed by the system: technical information on monthly basis from 
the local operators and treasurers‐ such as kWh total consumption, total hours of operations, 
household connected, number of breakages and financial situation (paying HHs, expenses, total 
income) – and general feedbacks from the villagers in terms of quality of the service and 
performance of the system, on voluntary and occasional basis. 

Thanks to this platform, it is possible to elaborate – by defining KPIs such as Availability Factor (AF) 
and Capacity Factor (CF) ‐, compare and make inferences on the overall performance of the MHPPs 
and their ultimate sustainability. Besides that enormous potential of this system in terms of data 
collection and monitoring, BReIDGE® offers the opportunity to provide feedbacks and suggestions 
by SMS without the need of going on the site, with important benefits in terms of time and budget 
spending. 

At the time of this study, the SMS Gateway Project was at his final stages of implementation with the 
software at its beta version and the need to promote the concept to the villages. 

For this reason, taking advantage of the visits on Sulawesi, it was possible to implement the project 
on all the EnDev2 sites surveyed. For this purpose, prior to the departure, several explanation 
posters were designed and printed for the communities, with the goal of being easily 
understandable and effective. Finally, for each visited site, a short explanation of the concept was 
provided to the VMT and the head of the village, so that any potential question could be also 
answered. 

By the time this study was over, it was not possible to make any inference on the real effectiveness 
of this project.  

The hope, in the medium‐long term, is that this concept would eventually enhance the overall 
sustainability and performance of the plants. 
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6.3 Potential for feed‐in‐tariffs: a case study 

This paragraph attempts to analyze the potential of feed‐in‐tariffs (FIT) for off‐grid MHP systems 
which can benefit from the connection to the PLN provider. The analysis has been carried out 
through a case study of one of the sites analyzed in this study, namely the one in the village of 
Appang Batu, Toraja Utara. 

As analyzed in the paragraph 4.1.1.3, this site, despite being characterized by a high quality of 
construction and hardware, it has never started operations due to the connection of the village to 
the main grid before the system was commissioned.  

For all these reasons, a simple economic analysis is hereby presented to assess the monetary 
benefit that this community could obtain by operating the MHP and feeding the generated 
electricityinto the grid.  

In 2012, the national FIT scheme in Indonesia was announced and estabilished in the MEMR 
Regulation No. 4 (Indonesia, 2012). This regulation put an obligation to the PLN, the Indonesia’s 
utility to purchase electricity from small and medium scale renewable energy (up to 10 MW in 
capacity). The different incentive factors apply for different region (highest for Maluku and Papua, 
lowest for Java and Bali). In the case of hydro, biomass, and solid waste, the feed‐in tariffs are 
different regarding the connecting voltage level, as showed in Table 44: Indonesia Feed-in-Tariff 
Scheme. 

SOURCE FEED‐IN TARIFFS PER kWh INCENTIVE FACTOR 
Medium Voltage Low Voltage 

Hydro 656 IDR 1,004 IDR 1.0 – 1.5 

Biomass and biogas 975 IDR 1,325 IDR 1.0 – 1.3 

Municipal solid 
waste(with zero 

waste technology) 
1,050 IDR 1,398 IDR 1.0 – 1.3 

Municipal solid 
waste(with sanitary 
landfill technology) 

850 IDR 1,198 IDR 1.0 – 1.3 

Table 45: Indonesia Feed‐in‐Tariff Scheme 

 

In the case of Appang Batu, located in Sulawesi and providing electricity at low voltage, the feed‐in‐
tariff would benefit of an incentive factor of 1.2 from the baseline tariff, which brings the total tariff 
per kWh to: 

1,004 𝐼𝐼𝐼𝐼𝐼𝐼 𝑘𝑘𝑘𝑘ℎ� ∗ 1.2 = 1204.8  𝐼𝐼𝐼𝐼𝐼𝐼 𝑘𝑘𝑘𝑘ℎ�  
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6. Looking Forwards 

Considering then the installed capacity - equal to 9.7 kW - and the assumption of an average design 
failure equal to 8% for EnDev2 sites, as found from the previous EnDev-Indonesia study on the 
performance of these systems (Energising Development (EnDev) Indonesia, 2012), the total output 
of this system would be equal to: 

9.7 𝑘𝑘𝑘𝑘 ∗ (1 − 0.08) =  8.924 𝑘𝑘𝑘𝑘 

Assuming finally to use this system for the 80% of the available total daily time (based on the 
consideration that maintenance need to be done with the system not in operation) and on a 30 
days/month basis, the total economic benefit that this community could gain from feeding the 
electricity into the grid, would be equal to:  

8.924 𝑘𝑘𝑘𝑘 ∗ 24 ℎ 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑� ∗ 30 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚ℎ� ∗ 0.8 ∗ 1204.8 𝐼𝐼𝐼𝐼𝐼𝐼 𝑘𝑘𝑘𝑘ℎ� = 𝟔𝟔,𝟏𝟏𝟏𝟏𝟏𝟏,𝟏𝟏𝟗𝟗𝟏𝟏 𝑰𝑰𝑰𝑰𝑰𝑰 𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎�  

With a total economic monthly income of slightly more than 6 mio IDR (465 EUR10), to which the 
maintenance, the salaries of VMT and the savings for eventual breakages need to be deducted, it 
appears evident that little income can be gained by the community to really motivate it to run the 
system. 

The main reason of this poor performance lies in the small installed capacity of the system, which is 
able to feed-in the grid only a small amount of electricity.  

Therefore, in order to make the FIT scheme really able to overcome the fixed costs related to these 
plants as well to create a real economic benefit for the beneficiary communities, a capacity of at 
least 30 kW is hereby suggested. 

10 Exchange rate as of 18th June 2013 
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Annexes 

Annex 1:  Data Availability 

An overview of each category and the relevant data sources is presented in the following table. 

Category Remarks Data source 

EnDev 1 
These are the sites that 
received support from GIZ 
during 2006 ‐ 2009 

• EnDev 1 database: comprising sites supported by 
EnDev1 

EnDev 2 

These are GreenPNPM sites 
that received extensive 
technical support from GIZ 
during 2009 ‐ 2012 

• EnDev 2 database: comprising sites supported by 
EnDev2under Green PNPM funding scheme 
commissioned from 2010 until May 2013 

 

RuralPNPM 

MHP construction of all PNPM 
scheme is funded by national 
and multi‐donor trust funds, 
administered by RuralPNPM 

• RuralPNPM database: comprising sites built under Rural 
PNPM scheme 

• EnDev 2 archive on refurbishment sites and support 
initiative for (several) Rural PNPM sites in South 
Sulawesi 

Others 
All sites do not belong in 
previous categories. 

• DGNREEC database: comprising Indonesian MHPs built 
since 1927‐2010 (last updated in 2010) 

• KPDT archive on the sites built by KPDT within 2006‐
2009 budget years 

• DGNREEC archive on DME sites in 2010 and 2011 
• CUKK archive on sites supported by the credit union in 

2007‐2010 
Table 46: Data sources of MHP in Indonesia 

Data collection of MHP installations on record was a challenging process. EnDev Indonesia has been 
striving to collect this information for all MHP schemes installed in Indonesia.  

This information is critical to present better overview on MHP current situation. Apparently such 
data is not well collected and the accuracy is questionable. In many cases, MHP sites are identified 
but the inventories do not provide necessary information such as precise location, power capacity, 
and number of beneficiaries.  

The graph below indicates the sum of MHP installed in Indonesia based on the collected data from 
reviewing available databases. These numbers are regarded the minimum amount since there most 
likely are more MHPs in place all over Indonesia, but not adequately accounted for. 
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Figure 45: MHP schemes data availability 

In the case of Rural PNPM for instance, 488 sites are recorded between 2006 to 2009 budget years, 
although the data quality is very low. RuralPNPM database only notes location information up to 
sub‐district level (kecamatan) and not even the village name. This database does not record any 
information on capacity nor households either. However, EnDev Indonesia could identify more 
detailed information for 29 sites out of 488 sites, through its field facilitators in Sulawesi. 

Within ‘Others’, all MHP installations not included in the previous categories are collected. This 
includes the sites built by the ministries (other than MOHA and MEMR), local government, NGOs, 
credit union, colleges, and community. The location data is partially identified and very little data 
(negligible) on number of households is present. In the DGNREEC database, most data are not 
completed with number of beneficiaries. Other than that, the inventory is not updated due to the 
absence of monitoring system. For sustainability reason, these types of information are very 
important so that the government could monitor better thus could perform better electrification 
planning. 
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Annex 2: List of the surveyed Sites 

 

Table 47: List of surveyed sites 
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Annex 3: Quantification Methodology for the Indicators 

Table 48: Quantification Methodology 
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Annex 4: Sulaku (Luwu Utara – Rampi)- EnDev2: a good sustainability case 

Desa:Sulaku Survey Date: 
Kecamatan:Rampi 26/04/2013 
Kabupaten: Luwu Utara 

General Information 
Accessible by: Motorcycle / Plane Closest city: Masamba , 82 km 

Distance PLN grid: 82 km Closest phone signal: Masamba, 82 km 
GPS Coordinate: Latitude: ‐2.1374, Longitude: 120.32415 

Table 49: Sulaku ‐ General Information 

Village Information 
Households 

Connected to MHP: 104 Not-connected to MHP: 3, new houses 
Social Institutions: 

School: 5, connected to MHP Health Center: 4,connected to MHP 
Community Center: 2,connected to MHP Religious Building: 4, connected to MHP 

Productive Use of Energy 
Warung: 6, connected to MHP Carpenter/Workshops: 2, connected to MHP 

Table 50: Sulaku ‐ Village Information 

MHP Information 
In operation (at the time of the survey): Yes, since commissioning, in June 2012 
Built by: GIZ EnDev TSU In: June, 2012 

Generator: 18 kW, 3 phases Head: 6.4 meters 
Spare Part Vendor: In Palopo (~ 150 km) Repair Workshop: In Palopo (~ 150 km) 

Competitive use: Yes, irrigation Affected by: LS <5, FF <5 
Table 51: Sulaku ‐ MHP Information 

EnDev2 (SulSel002): Sulaku, Luwu Utara, Rampi 
TOTAL SUSTAINABILITY VALUE 0.60 

SUSTAINABILITY FACTOR INDICATOR PHASE VALUE TOTAL 

TECHNICAL 

Civil Construction D&B 0.00 

0.75 
Electro‐Mechanical System D&B 1.00 

Community Satisfaction D&B 1.00 
Repairing Time T&O 1.00 

ENVIRONMENTAL 
Water Competitive Use D&B ‐0.50 

‐0.25 
Extreme Weather Conditions T&O 0.00 

SOCIAL Community Involvement T&O 1.00 1.00 
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Figure 46: Sulaku ‐ 
Penstock

VMT Organization T&O 1.00 

ECONOMIC 
Distance from the grid T&O 0.50 

0.75 
Financial Administration T&O 1.00 

Table 52: Sulaku – Sustainability Assessment

Technical Sustainability 

Civil Constructions: On average. 4 km‐long channel, also used for irrigation. 

Electro-Mechanical Equipment:high standards. Belt‐cage ordered and on the way to the site. 

Community Satisfaction: high quality of the electricity provided (no blackouts, no flickering) 

Repairing Time: sluice gate and channel both repaired in only 1 day 

Figure 48: Sulaku ‐ 
Channel 

Figure 49: Sulaku ‐ 
Sluice Gate 

Figure 47: Sulaku ‐ Forebay 

Figure 50: Sulaku ‐ Powerhouse Figure 52: Sulaku ‐ 
Turbine and 

Generator 

Figure 53: Sulaku ‐ 
Ballast

Figure 51: Sulaku ‐ 
ELC 
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Environmental Sustainability 

Water Competitive Use: yes, for irrigation 

Extreme Weather Conditions: on average, less than 5 landslides and flashfloods per year 

Social Sustainability 

Community involvement: high level of participation from the 
community 

VMT Organization: 5 members, roles well defined, salaries well 
proportionate to work load and books well filled 

Economic Sustainability 

Distance from the grid: 82 km, good performance 

Financial Administration: with an average monthly saving of 800 thousand IDR, the community 
managed to save already about 7 million IDR for out‐of‐ordinary maintenance. 

Figure 56: Sulaku ‐ VMT 

Figure 57: Sulaku ‐ 
Book Recording 

Figure 54: Sulaku ‐ Community 
Meeting 

Figure 55: Sulaku ‐ Women 
Interview 

Figure 58: Sulaku ‐ Carpenter using 
MHP Power 

Figure 59: Sulaku ‐ Tools powered by 
MHP 
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Annex 5: Bala Rant. (Tana Toraja)- PNPM Rural: a badsustainability case 

Desa:Bala Rantelimbong Survey Date: 
Kecamatan:Tana Toraja 24/04/2013 
Kabupaten:Tana Toraja 

General Information 

Accessible by: 
Walking / Motorcycle / 
Public Transportation 

Closest city: Makale , 35 km 

Distance PLN grid: 0 km Closest phone signal: In the village 
GPS Coordinate: Latitude: ‐2.984556, Longitude: 119.827889 

Table 53: Bala Rantelimbong ‐ General Information 

Village Information 
Households 

Connected to MHP: 35 Connected to othersources: 40 
Social Institutions: 

School: 5, no electricity Health Center: 1,connected to MHP 
Community Center: 0 Religious Building: 3, connected to MHP 

Productive Use of Energy 

Warung: 3, connected to MHP Rice Hullers: 
2, connected to Diesel 

GenSet 
Carpenters: 10, either with no electricity of connected to Diesel GenSets 

Table 54: Bala Rantelimbong ‐ Village Information 

MHP Information 
In operation (at the time of the survey): Yes, with some disruptions over the last 5 years 
Built by: PNPM Rural In: 2008 

Generator: 40 kW, 3 phases Head: ‐ 
Spare Part Vendor: In Rantepao(~ 30 km) Repair Workshop: In Rantepao(~ 30 km) 

Competitive use: No Affected by: LS >5, FF >5 
Table 55: Bala Rantelimbong ‐ MHP Information 
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Rural PNPM: Bala, Rante Limbong ‐ Tana Toraja 
TOTAL VALUE ‐0.75 

SUSTAINABILITY FACTOR INDICATOR PHASE VALUE TOTAL 

TECHNICAL 

Civil Construction D&B ‐1.00 

‐1.00 
Electro‐Mechanical System D&B ‐1.00 

Community Satisfaction D&B ‐1.00 
Repairing Time T&O ‐1.00 

ENVIRONMENTAL 
Water Competitive Use D&B 0.50 

‐0.25 
Extreme Weather Conditions T&O ‐1.00 

SOCIAL 
Community Involvement T&O ‐1.00 

‐0.75 
VMT Organization T&O ‐0.50 

ECONOMIC 
Distance from the grid T&O ‐0.50 

‐0.75 
Financial Administration T&O ‐1.00 

Table 56: Bala Rantelimbong ‐ Sustainability Assessment 

Technical Sustainability 

Civil Constructions: very bad quality, with the channel regularly having problems and the 
community not willing to fix it anymore. 

Figure 61: Bala 
Rantelimbong ‐ 

Channel 

Figure 60: Bala Rantelimbong ‐ 
Forebay 

Figure 62: Bala Rantelimbong ‐ 
Intake 
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Electro-mechanical Equipment: bad quality, with the belt breaking every 6 months due to the bad 
alignment between the turbine and the generator 

Community Satisfaction: the very low available capacity produced per household, together with 
the constanct fluctuation in the load that caused the breakage of many devices had as a 
consequence that many villagers stopped paying the monthly fees. 

Repairing Time: 25 days, below the average. 

Environmental Sustainability 

Water Competitive Use: no 

Extreme Weather Conditions: plant strongly affected by extreme weather conditions all year long 

Social Sustainability 

Community involvement: at the time of the survey, the fees collection had been suspended for two 
months, because no one wanted to pay anymore considering the low quality service. As a 
consequence, almost all of the HH were disconnecting from the service 

VMT Organization: the team members themselves didn’t pay for the service and didn’t make any 
maintenance. Anybody in the village had access to the powerhouse and could turn‐on and off the 
system at will. 

Economic Sustainability 

Distance from the grid: 0 km. Even if not active yet, the grid has reached the village. 

Financial Administration: no savings were available and fees weren’t collected anymore. 

Figure 63: Bala Rantelimbong ‐ 
Generator 

Figure 62: Bala Rantelimbong ‐ 
Control Panel 

Figure 64: Bala Rantelimbong ‐ 
Generator and Turbine 
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