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ABSTRACT 

 

Although the Philippines has been identified as being rich in renewable energy resources, 

the archipelagic setting of the country and its vulnerability to disasters limit its rural 

communities’ access to national electricity networks. In mountainous areas where suitable 

streamflow and slopes exist, installing micro-hydropower (MHP) schemes is a common 

off-grid solution; however, understanding which factors lead to the success or failure of 

these systems in a disaster-prone context needs further research. To identify key factors, 

this study draws on the knowledge and experiences of 45 project implementers (both local 

and international) and 51 community members of 13 different villages, which were 

purposively selected from the three major island groups in the country. A mixed-methods 

approach was used, where both qualitative and quantitative data were analysed from 

surveys, semi-structured interviews and site observations. Differences in perceptions were 

then compared, not only across stakeholder groups but also across regions. 

Results indicate that, across stakeholder groups, “community participation and sense of 

ownership” was considered to be the greatest determinant of success of a micro-hydro 

scheme whereas the “lack of regular and proper maintenance of civil works and 

equipment” was perceived to be the leading cause of its failure. Emerging themes from 

this study likewise suggested that understanding the village context is crucial to the 

success and sustainability of MHP schemes. For a project to be successful, it must be 

designed according to the existing resources, specific needs and the level of social 

preparedness of a target community. It was also found that while there is a strong 

consensus in the opinions of local and international implementers, there are significant 

differences in the perceptions of the international community and the community 

members. In general, the differences in perceptions among stakeholder groups are 

thought to reflect the differences in the levels of awareness, expectations and motivation 

among stakeholders. 

In the future, best practices in providing energy may mean that implementers look at the 

entire value chain of MHP schemes and start to design complementary projects that seek 

to understand the priorities of the villages, improve their existing capabilities and find 

ways to implement sustainability plans that include adaptive strategies for coping with 

natural disasters and climate variabilities.  
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Chapter 1. Introduction 

 

 
 

In 2000, the National Academy of Engineering named “electrification” as the greatest 

engineering achievement of the 20th century. After a four-month-long selection 

process, it outranked 19 other seemingly more remarkable engineering breakthroughs 

such as “automobile”, “airplane”, “water supply distribution”, and “spacecraft” 

(Constable & Somerville, 2003). Indeed, innumerable innovations and developments 

were made possible by the light and power that electricity brought and it certainly 

made life easier, safer and more convenient. Yet access to electricity is still non-

existent for over one billion people in the world (International Energy Agency [IEA], 

2016). While having access to it does not automatically guarantee economic 

development, progress is highly unlikely without it. In fact, countries with the highest 

levels of poverty tend to have lower access to modern energy services (World Bank, 

2017).  

Most of the people that lack access to energy are found in sub-Saharan Africa and 

developing countries in Asia, with about 80 % of them living in the rural areas. In 2013, 

IEA considered the Philippines—a tropical island nation in Southeast Asia—as among 

the top 20 countries in the world that are energy poor or those that lack access to 

electricity or rely heavily on traditional biomass fuels for cooking. With the country 

comprising more than 7600 islands (Figure 1-1), isolated communities are denied 

access to public services including access to electricity. By the end of December 2013, 

around 16 million Filipinos remained unelectrified whereas about 44 million were 

reported to lack access to nonsolid fuel for cooking (IEA (2013) in The OPEC Fund for 

International Development [OFID] (2016)).
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Figure 1-1. Geographic setting of the Philippines. The country is divided into three main island groups: Luzon, Visayas and 

Mindanao. (Republic of the Philippines, 2009) 
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As with developing countries, most of the Filipinos who lack access to energy are located 

in the remote areas of the country such that connecting their houses to the grid is cost-

prohibitive. This situation is further complicated by natural hazards such as landslides 

and flash floods that often damage any existing infrastructure in these communities, 

making it harder for any development project to be sustainable. To understand more 

about how these factors affect the efforts in resolving the country’s lack of access to 

electricity, the following sections will provide more details on the current status of the 

Philippine power sector, the off-grid solutions being implemented in the rural areas and 

a general description of how vulnerable the country is to natural hazards and climate 

change. 

 

 
 

Recognising the vulnerability of the energy sector to the changes in global markets and 

the susceptibility of the country to climate change, the Renewable Energy Act of 2008 

was passed in pursuit of the goals of energy security and carbon footprint reduction. 

In 2016, the total electricity capacity by fuel in the Philippines is 21,423 MW with more 

than 30 % coming from renewable energy sources (Figure 1-2). Globally, the country 

ranks second in geothermal electricity generation as well as in total biomass power 

generation (Roxas & Santiago, 2016; Sovacool, 2010).  
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Unfortunately, even with its enormous renewable energy resources, the Philippines still 

has the highest cost of electricity within Southeast Asia (Figure 1-3). It also has the sixth-

highest industrial power rate and seventh-highest residential rate in the world  (Oplas, 

2015; World Wide Fund  for Nature (WWF)-Philippines, 2014).  

Figure 1-3. Electricity prices in the countries under the Association of Southeast Asian 

Nations (ASEAN) (Institute of Energy Economics, Japan (IEEJ), 2013; Oplas, 2016)  

Figure 1-2. Philippines' total electricity capacity by fuel in 2016 (Data from Department of Energy, 2017) 
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One of the drivers of these high costs goes back to the restructuring and privatisation of 

the power sector under the enactment of the Electric Power Industry Reform Act 

(EPIRA) in 2001. This Act was passed following the bankruptcy of the government-run 

National Power Corporation as it accumulated debts in the range of PhP 900 billion 

(~$US 20 billion) by the end of 2000. This accounted for almost half of the total debts 

of the Philippine government at the time.  

 

As a result, the current Philippine power and electricity sector is characterised by a 

mixture of competition and monopolies. While the power generation is generally 

competitive with many generation companies, power transmission is a national 

monopoly via the National Grid Corporation of the Philippines (NGCP). Moreover, 

electricity distribution is reserved for geographical monopolies, mainly the 119 electric 

cooperatives and the 19 private distribution utilities, the biggest of which is the Manila 

Electric Company (Meralco) that account for about 75 % of total electricity sales in Luzon 

and about 55 % nationwide (Oplas, 2015). In addition, unlike in other countries in the 

Southeast Asian region, the Philippine government does not subsidise electricity. The 

multiple taxes, royalties, and fees, imposed on private electric companies are then 

ultimately passed on to consumers, which results in high electricity prices.  

 

As with many developing countries, while the privatisation and the free-market 

approach resulted in better profitability, greater operating efficiency and greater savings 

in the expenditure of the Philippine government, this restructuring has also clearly led 

to monopolies and price increases. In the context of its impacts on rural areas, Corpus 

(2004) argues that while this neo-liberal reform resulted in better delivery of service 

goals to rural areas, these changes did not necessarily result from the privatisation, 

competition and deregulation that is fostered by a free-market regime. Rather, it was 
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mainly brought by social equity objectives stipulated in the Act, including the provisions 

to achieve the mandate for total electrification in the country. 

 

 

 
 

The prevailing off-grid solution in the country primarily involves diesel generators, 

which are provided by the National Power Corporation-Small Power Utilities Group 

(NPC-SPUG) (Navarro, Sambodo, & Todoc, 2013; Roxas & Santiago, 2016). Diesel fuel 

is transported great distances up mountainous areas and through shipping lanes, 

which can be expensive and at times result in accidents and spillages. Moreover, due 

to the high operation and maintenance costs that these diesel generator sets incur, 

operations are generally limited to seven hours and many other villages are left 

unserved. 

In an attempt to shift to renewable and clean energy sources, the Philippine 

government, along with several non-governmental organisations (NGOs) and 

multilateral institutions, developed various rural electrification programmes, which 

explore the use of different renewable energy technologies, including off-grid solar 

home systems (SHS) and MHP schemes.  

 

 
 

Out of all the renewable energy resources, hydropower has been traditionally regarded 

as the most mature and reliable. Hydropower schemes range in size from just a few 

kW for micro-hydropower to several gigawatts (GW) for large-scale projects. Large-

scale systems are often connected to centralised grids while smaller hydropower 

plants, such as micro- and mini-hydropower schemes, are commonly used in off-grid, 
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isolated areas or in mini-grids. Globally, large-scale hydroelectric plants are often 

criticised because of their high capital and maintenance costs and their need for dams 

or barrages that can have adverse effects on local riverine ecosystems (Dudgeon, 2000; 

Holden, 1979; Kosnik, 2010; Neraas & Spruell, 2001; Pringle, Freeman, & Freeman, 

2000). Consequently, with a view to moving away from conventional hydropower 

plants, recent studies have focused on using micro-hydropower plants, which require 

little or no impoundment. Not only are they considered to have a smaller 

environmental footprint, but they are also less costly to build and maintain. 

 

“Run-of-river” technology is mainly used in micro-hydropower. This type of 

technology is common in rural areas with low population densities, particularly in 

mountainous regions where appropriate slope and run-off conditions occur. In micro-

hydropower systems, electricity is generated when water within the natural flow range 

of the river is diverted to pass through a turbine before it is returned downstream 

(Harvey, 2009; Inversin & Foundation, 1986; Paish, 2002). It is typically designed to 

divert a portion of the river through a water canal that is linked to a forebay tank 

connected to a pipe line or penstock. This penstock then conveys high pressure water 

to a lower elevation point where a powerhouse containing the hydraulic turbine and 

generator is located (Figure 1-4).  
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Existing micro-hydropower schemes in the Philippines have design capacities that 

range from as low as 1 kW to 75 kW, while currently installed mini-hydropower plants 

have capacities from 200 kW to as high as 8 MW (Department of Energy (DOE), 2016; 

SIBAT, 2007). Whereas mini-hydropower plants are commonly built and managed by 

private corporations under consents from the Philippine government, micro-hydro 

schemes are mostly installed by NGOs and funded via multilateral and donor 

organisations for off-grid electrification. MHP schemes are then eventually turned 

over to local communities for them to manage and sustain. In this study, the focus is 

primarily given to MHP schemes that were developed to electrify upland rural 

communities.  

  

Figure 1-4. (a) A typical set-up of a micro-hydro scheme. (b) Profile view of the system showing the ‘head’ 

or elevation drop from the forebay to the turbine (US Energy, 2016). 
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The country experiences all major types of natural hazard and is widely acknowledged 

as one of the most hazard-prone countries in the world. In fact, it is the third most 

disaster-prone country in the world, after Vanuatu and Tonga (World Risk Report, 

2016). From earthquakes to volcanic eruptions to super typhoons (tropical cyclones) 

that often lead to landslides, flooding and storm surges, the costs to life and property 

following these events tend to be high. Located just above the equator, the 

Philippines faces the western Pacific without much else in the way to take the force 

of typhoons before they make landfall. In 2013, Typhoon Haiyan, a category five 

cyclone and the world’s strongest recorded storm that has ever made landfall, 

claimed at least 6300 lives in central Philippines in its aftermath. On average, there 

are about 20 typhoons per year that enter the Philippine Area of Responsibility 

(Philippine Atmospheric Geophysical and Astronomical Services Administration 

(PAGASA), 2011). Moreover, the country is also located at the Pacific Ring of Fire, 

which makes the majority of the country susceptible to hazards brought about by 

tectonic activities, particularly earthquakes and volcanic eruptions (Figure 1-5).  
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Figure 1-5. Map showing some of the natural hazards in the 

Philippines and the percentage distribution of people living in 

poverty (Vergano (2013)]). 

Note: This illustration focuses on typhoons, earthquakes and volcanic 

events. Other hazards such as landslides and flooding are not shown.  
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Climate change and environmental degradation also play significant roles in increasing 

hazard-related incidents. The latest Global Climate Risk (2016) report also shows that 

the Philippines remains one of the most affected countries in the last two decades (1994–

2014) ranking fourth after Honduras, Mynamar and Haiti. Projections for the Philippine 

climate suggest that warmer temperatures during summer and more extreme weather 

events are to be expected in the future. Trends of increasing number of hot days and 

warm nights, but decreasing number of cold days and cool nights have already been 

observed in the country. Annual mean temperatures (average of maximum and 

minimum temperatures) in all areas in the country are expected to rise by 0.9 °C to 1.1 °C 

in 2020 and by 1.8 °C to 2.2°C in 2050. Rainfall reduction during the summer months 

is likely to increase, making the usually dry season drier, while rainfall increases are 

likely to occur in most areas of Luzon and Visayas during the southwest monsoon (June 

to November) seasons, making these wet seasons wetter. Other extreme weather events 

like intense rains have also been seen to be more frequent and the trend in the number 

of tropical cyclones with wind speeds greater than 150 km/hr is found to be more 

frequent during El Niño events (Philippine Atmospheric Geophysical and Astronomical 

Services Administration (PAGASA), 2011).  
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While there is an established body of literature that reports on both the successful 

aspects and the impacts of renewable energy systems used for rural electrification 

projects in various developing countries (Bhattacharyya, 2012; Mandelli, Barbieri, 

Mereu, & Colombo, 2016; Sovacool & Drupady, 2012), fewer studies have focused on 

programmes involving micro-hydropower systems (Barnett & Khennas, 2000; 

Drinkwaard, Kirkels, & Romijn, 2010; Murni, Whale, Urmee, Davis, & Harries, 2013; 

Sovacool, Dhakal, Gippner, & Bambawale, 2011).  

Additionally, studies that explore the susceptibility of run-of-river schemes to natural 

hazards and the potential impacts of climate change to their capacity to generate 

hydropower are generally scarce (Carless & Whitehead, 2013; Schaefli, 2015). Whereas 

natural hazards such as landslides and flash floods can instantaneously and directly 

damage a micro-hydropower plant and the civil works associated with it, climatic 

changes are generally gradual, but can impact on the hydrologic response of streams, 

which in turn, affects the amount of hydropower that can be harnessed. For example, 

because MHP schemes use the natural water flow of a river or of a diversion canal, any 

change in the hydrologic regime make them particularly vulnerable to a decrease of 

average flow or to an increase of low-flow occurrence (Hamududu & Killingtveit, 2012; 

Schaefli, 2015). Given these circumstances, communities with MHP schemes such as 

those in the rural mountainous areas are particularly vulnerable to both natural hazards 

and the ill-effects brought by climate variabilities. 
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With a particular focus on rural development in a disaster-prone and archipelagic 

setting, this study aims to provide a better understanding of the current status and 

development of MHP in the Philippines through the determinants of its success and 

failure. Towards this end, exploratory questions were used to guide this research: 

1. What are the key factors that contribute to the success and failure of 

micro-hydropower schemes and which among them resonate more than 

others? 

2. How do perceptions on these factors and the level of satisfaction towards 

MHP schemes vary across stakeholder groups? 

3. How do these perceptions differ across the main island groups of the 

Philippines and to what extent do natural hazards and climate change 

impact on MHP schemes in the country? 

 
 

This introductory chapter (Chapter 1) provides the context and background of the 

study, its aims and research questions. Chapter 2 then frames the research topic by 

piecing together relevant literature on decentralised renewable energy projects and the 

factors that shape their success in the context of rural electrification in developing 

countries. It also discusses previous studies related to renewable energy in the 

Philippines, with an emphasis on community-based micro-hydropower systems. 

Chapter 3 describes the research design and the details of the methods that were 

carried out to address the research questions in this study, while Chapters 4 and 5 

present the results and findings. Chapter 6 relates the research findings within the 

broader literature to answer the research questions, including the limitations that 
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must be taken into consideration in the interpretation of the findings. Finally, the 

study concludes by providing a better understanding of the factors that influence the 

success and failure of MHP schemes in the Philippines, including its corresponding 

implications, and ends with recommendations for future work, both in practice and in 

research.
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Chapter 2. Literature Review 

 
 

This chapter provides a comprehensive review of journal publications, articles, books 

and reports related to the research topic. It is divided into three main parts. The first 

part highlights existing studies on renewable energy as a source of electricity in 

developing countries and the recent issues that have been identified in the field. It also 

presents previous studies on the frameworks used in evaluating off-grid renewable 

energy technologies. The second part then looks into the existing literature on MHP 

schemes, and presents what is known about the factors that influence their success, 

failure and overall sustainability. Finally, a simple definition of success and failure as 

used in this study is explained at the end of this chapter. 

  

 

 

Over the last several years, the international community has emphasised the 

importance of evaluating development interventions, including projects related to rural 

electrification. This is reflected in publications from donor organisations and research 

institutions such as the World Bank (2008), the United Nations Development 

Programme (United Nations Development Programme [UNDP] (2011)]) and the Japan 

International Cooperation Agency (Japan International Cooperation Agency (JICA) 

(2011)]). A study by Guta et al. (2015) reveals that diverse contextual factors are relevant 

across project boundaries. However, despite the cited significance of renewable energy 

technologies in providing electricity to rural areas, a number of fundamental challenges 

have yet to be satisfactorily addressed. For example, Terrapon-Pfaff, Dienst, Konig, and 

Ortiz (2014) state that nearly all of the studies on rural electrification focus either on one 
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technology or on a specific geographical context. This finding is also supported by the 

results of a comprehensive review by Mandelli et al. (2016) covering over 350 papers 

from 2000 to 2014. Moreover, a content analysis by Schillebeeckx, Parikh, Bansal, and 

George (2012) shows that while studies on technology and institutional contexts are 

common, less attention has been given to understanding user needs. Further, a study by 

Bhattacharyya (2012), which employed a multidimensional sustainability analysis, 

reveals that although some progress has been made with using renewable energy for 

rural electrification, the programmes promoting energy access are neither sustainable 

nor adequately contributing to development.  

 

To address the complexity of these issues, a number of frameworks have been adopted 

by several researchers to properly evaluate these rural electrification programmes. In 

most aid projects, the World Bank has been known to use the logical framework 

approach, which is considered by some as a blueprint approach for it rarely included 

inputs from the recipients of the projects and while it brings purpose and clarity to 

project management, its technocratic approach limits the understanding of real 

outcomes and processes (Harley, 2005; Korten, 1980). In recent years, the 

sociotechnical system has been used in a number of studies that involve understanding 

the emergence, adoption and success of renewable energy schemes (Adil & Ko, 2016; 

Hauber & Ruppert-Winkel, 2012; Sovacool, 2009; Sovacool et al., 2011). With the high 

failure rates of aid projects, other processes such as the learning-based process and 

participatory approach were used, where studies (Drinkwaard, 2009; Korten, 1980) 

consider the significance of understanding the project from the perspectives of multiple 

stakeholders, preferring a bottom-up structure rather than the traditional top-down 

approach. On the other hand, Terrapon-Pfaff et al. (2014) conducted a cross-sectional 

evaluation to determine synergy effects and provide better insights into factors that 
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influence the success and sustainability of small-scale renewable energy projects in 

developing countries. In the same study, the authors chose Millennium Development 

Goals as the reference frame for the impact assessment as they represent the benchmark 

for meeting the most pressing challenges of climate change and global poverty.  

 

 

 

With regard to post-implementation studies that evaluate micro-hydropower projects in 

developing countries, the work of Barnett and Khennas, (2000) and Paish (2002) 

provide insights on the best practices and drivers for success and common barriers to 

development. As with other renewable energy technologies, the list of barriers identified 

for micro-hydropower schemes can be broadly classified into five general categories: 

social, technical, institutional, economic, and physical/environmental. Common 

barriers include financial constraints, organisational and managerial weaknesses, lack 

of communities’ sense of ownership and technical capacity, and others. Diffusion of the 

run-of-river technology remains slow in developing countries and Drinkwaard et al. 

(2010) suggest that a learning-based approach using Strategic Niche Management is 

useful in understanding why certain barriers serve as killer constraints that eventually 

result in failure. 

 

In terms of factors, many studies such as those by (Barnett & Khennas, 2000; 

Borhanazad, Mekhilef, Rahman, & Boroumandjazi, 2013; Ete & Prochaska, 2009; 

Holland, Perera, Sanchez, & Wilkinson, 2001; Kaunda, Kimambo, & Nielsen, 2014; 

Murni et al., 2013; Smith, 1994; Sovacool, 2013; Sovacool & Drupady, 2012) identify 

specific factors that influence the success of different off-grid renewable energy 

technologies including MHP schemes. On the other hand, fewer studies have explicitly 
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discussed their failures (Adebayo, Sovacool, & Imperiale, 2013; Barnett & Khennas, 

2000; Ete & Prochaska, 2009; Greacen, 2004; Maier, 2007; Sovacool & Drupady, 2012). 

 

There also seems to be general agreement between the findings of Murni et al. (2013) 

and Sovacool (2013), indicating that future research on the success and failure of 

renewable energy technologies must include quantitative data that emphasise the 

salience of factors that lead to failure. While the work of Sovacool and Drupady (2012) 

has some limitations in terms of quantitative data analysis, its main value lies in 

presenting a comprehensive list of the 42 factors that affect the success and failure of 

renewable energy programmes, including those for micro-hydropower systems in 

Nepal, Malaysia and Sri Lanka. They conclude that the social and institutional factors 

seem to resonate more than the technical factors. Of these 42 factors, the qualitative 

factor analysis approach used by Sovacool (2013) distils 10 lessons. It was also found 

that, with the exception of the work done by Ete and Prochaska (2009), there is very 

limited research using factor analysis in understanding success and failure factors of 

renewable energy programmes. Further, existing literature rarely includes natural 

hazards and seasonal changes leading to water shortages as reasons for failure and non-

adoption of micro-hydropower systems.  

 

In analysing the drivers for successes and failures of 27 community-based micro-hydro 

schemes in northern Pakistan, (Maier, 2007) uses the concept of CPR. Because all of the 

cases he investigated were unmetered and unequipped with load controls, Maier finds 

that communities collectively agree to limit their electricity use to certain appliances, 

while, in most cases, banning the use of all other electrical appliances, in order to prevent 

overloading (Gollwitzer, 2014).  
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Greacen (2004) also suggests that electricity in community-based micro-hydro can be 

treated as a CPR. He evaluated 59 MHP schemes in Thailand and according to his study, 

grid arrival is by far the most common reason for abandoning the system; however, 9 of 

the 24 villages with grid connection maintained their system in order to be able to supply 

their own electricity in the case of grid blackouts. Other common technical issues include 

equipment failure, mostly involving the generator, shaft and bearings, as well as low 

voltage. He also recognises that the mismatch between generation capacity and demand 

patterns in the villages leads to blackouts and brownouts, and directly causes equipment 

damage, which therefore represents a CPR problem. In the end, Greacen suggests that 

current limiters, which technically limit the maximum current that can be drawn by each 

household, could sufficiently solve this problem. However, World Bank (2017) 

concluded that neither electronic load controllers (ELCs) nor mini-circuit breakers 

(MCBs) have been found to be effective over time. In the absence of a strong 

enforcement mechanism, both MCBs and ELCs are easily bypassed and customer 

agreements were easily violated. The result can be seen as a “tragedy of the commons”, 

as evidenced in mini-grids as disparate as those in Haiti, India, Malaysia, and 

throughout sub-Saharan Africa.  

 

Within the Philippine context, the study by Kabalan et al., (2014) is the only peer-

reviewed article that discusses the failure of MHP schemes in the Philippines. In their 

study, the failure analysis of four MHP sites in the Ifugao Province in Luzon was 

conducted through the technical examination of neglected sites and interviews with 

community members. Their study then concluded that the social, technical and 

economic pillars of sustainability are important for MHP schemes. By focusing only on 

the end users of four MHP systems in a single province, their study has therefore left 
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much room for other analyses in terms of considering the perspectives of other 

stakeholders and in exploring other provinces in the country.  

 

The only other study that talks about the success and failure of MHP schemes in the 

Philippines was made by a local NGO which installed some of these systems. Although 

susceptible to self-report bias, the book by Lopez, Benosa, Monteagudo, Metzler, and 

Lewis (2007) was found to be useful in this study as they did comprehensive case studies 

of 10 of their schemes in Luzon. The book discusses all aspects and all stages of MHP 

development and the lessons the NGO has learned since installing its first MHP back in 

1995. It concludes that there is a need to improve three key areas: capacity of the 

community organisations to meet the financial responsibilities and accountabilities that 

are tied with having MHP systems; income generation through productive energy use 

that would augment the economic capacity of poor households as well as their capacity 

to pay the cost-covering tariff; and the type of financing that would meet the capacity of 

poor households to put up the system with minimum reliance on grant money.  

 

Based on this review of existing literature, two things become clear. Firstly, studies on 

the factors affecting renewable energy technologies are primarily qualitative in nature. 

Secondly, previous research focuses more on success factors and rarely on failure 

factors. Thirdly, within the Philippine context, the literature that tackles the success and 

failure factors that contribute to MHP systems is very scarce and is limited to schemes 

in Luzon, which is just one out of the three major island groups in the country.  

 

As gleaned from related literature, Tables 2-1 and 2-2, show the lists of the variables that 

were investigated under the success and failure categories in this study. 
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Table 2-1 Common variables for the success of MHP schemes and other renewable energy technologies from existing literature 
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Table 2-2 Common variables for the failure of MHP schemes and other renewable energy technologies from existing literature. 
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To put the research in its proper context, it is necessary to define what success is. Like 

any other construction project, micro-hydropower schemes are complex and dynamic, 

and their success or failure depends on several attributes (e.g., social, technical, 

institutional/political, economic, and physical/environmental). Assessing whether a 

given project achieved success or failed is difficult in the sense that there is no 

universally accepted definition of success and the concept of success in itself varies 

among stakeholders (Tabish & Jha, 2011). While success is normally thought of as the 

achievement of some pre-set project goals, success is differently defined by the general 

public. These views are commonly based on user satisfaction as de Wit (1988) in 

Tabish and Jha (2011) aptly describes:  

 

… the project is considered an overall success if the project meets technical 

performance specifications and/or mission to be performed, and if there is a 

high level of satisfaction concerning the project outcome: key people in the 

parent organisation, key people in the project team and key users or clientele of 

the project effort. (Tabish & Jha, 2011, p. 810) 

 

Assessment of success is further complicated by the fact that the perception of success 

or failure varies over time: a project may be initially viewed as a failure during its 

construction phase, but then becomes highly valued as years pass by, because of its 

possible contribution to the improvement of the socioeconomic status of the 

surrounding communities.  
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Therefore, for this particular research, a micro-hydro scheme will be considered 

successful if the project is operational and if there is a high level of satisfaction (from 

project implementers to end users) concerning the project outcome at the time of data 

collection. Similarly, a simple notion of failure will be adopted: a project that does not 

meet the aforementioned criteria will be considered a failure. 

 

 
 

A comprehensive review of how the sustainability of renewable energy technologies in 

a rural context is assessed and the factors that influence their success and failure were 

presented in this chapter. The review shows that, firstly, there is a shift of focus from 

techno-economic studies to those that include social and institutional dimensions in 

their studies. More holistic approaches are consistently being recommended as more 

studies now suggest that there is a gap and therefore a need to explore these areas. 

Secondly, this review reveals that studies on the success of off-grid renewable energy 

projects outnumber those that include reasons for their failure. Thirdly, the studies 

about the success and failure of MHP systems in the Philippines are very few and focus 

only on one specific island group in the country. Lastly, many of the previous studies 

about the success or failure of renewable energy technologies and rural electrification 

projects were carried out using qualitative methods only and future work could 

perhaps benefit from using quantitative methods. 
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Chapter 3. Methodology 

 
 

This chapter describes the procedures that were used in conducting the research. Each 

methodology, whether it is quantitative or qualitative, has advantages and 

disadvantages. In qualitative research, the complexity of data collection and analysis 

is often seen as a disadvantage while quantitative research is considered to allow large 

data collection at reasonable cost (Amaratunga, Baldry, Sarshar & Newton, 2002). 

However, qualitative research can be used to make sense of the meanings that people 

place on the process and structures of their lives (Amaratunga et al., 2002), which is 

not possible using quantitative research methods. For this study, the justification is 

presented for addressing the research questions through a mixed-methods approach. 

This is then followed by detailed explanations of the strategies that were applied in 

collecting and analysing both qualitative and quantitative data. 

 

 
 

Although practical limitations of time constraints and cost of data collection do 

influence the choice of methodology, the definitive factor is whether the methodology 

selected is the most appropriate to answer the research question. Researchers that are 

not purely orientated towards either the qualitative or quantitative research paradigm 

have the option of mixing components of the research design in such a way as to 

provide the best chance of answering the research question (Johnson & Onwuegbuzie, 

2004; Amaratunga et al., 2002). Hence, this study used a mixed methodology 

approach as it was the most effective way to uncover a broad range of stakeholders’ 

viewpoints within the given time frame. 
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In a mixed-methods research design, both qualitative and quantitative data are 

collected, analysed and compared with each other. The rationale for this approach is 

that the quantitative data and their subsequent analysis provide a general 

understanding of the research problem while the qualitative data and their analysis 

refine and explain statistical results by exploring the views of participants in more 

depth (Creswell, 2009; Rossman & Wilson, 1985). Some also suggest that qualitative 

and quantitative data complement each other and should therefore be mixed (Das, 

1983 in Amaratunga et al., 2002). Figure 3-1 shows the framework that was adopted 

in this study. 

 

Figure 3-1. Triangulation of quantitative and qualitative data (modified from Amaratunga 

et al., 2002) 
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3.3.1  Sampling 

A purposive sampling strategy was used to focus on particular characteristics of the 

population of interest. To maximise resources, members of a population were 

clustered into groups. Target respondents were divided into general categories as 

shown in Table 3-1. Despite its limitations, this strategy still allowed for research 

questions to be addressed. In this case, the study attempted to capture a wide range of 

perspectives relating to the factors that influence the success and failure of MHP 

schemes. These groups consist of people who have had a direct involvement in any 

stage of MHP development and are presumably willing to provide the information by 

virtue of their knowledge or experience. 

Table 3-1. Target groups for the questionnaire and semi-structured interview 

Stakeholder Groups 

Project Implementers Local NGOs 

Private companies/Consultants (i.e., mini-

hydropower, electric cooperatives, etc.) 

Multilateral/ donor organisations (Asian 

Development Bank [ADB], WorldBank, etc.,) 

Government 

Regulatory boards 

Local government units 

International community 

NGOs that have projects in South and Southeast Asia 

End Users Community members 

Community leaders 

Household members 

Operations and maintenance personnel 
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3.3.1.1 Description of the stakeholder groups 
 

In this study, stakeholder groups are broadly divided into end users and project 

implementers.  Whereas the former comprises community members, the latter is 

composed of members of local NGOs, government agencies, consultants/private 

companies and the international community (Figure 4-1). The following sub-sections 

describe the profiles of the actual groups and the number of people who participated 

in this study. 

 

Community Members 

A total of 51 community members participated in the survey and the interviews, which 

were conducted during the fieldwork in 13 rural villages between June to August 2016 

(Figure 3-2). Those who agreed to participate include household members (n = 27), 

community leaders (n = 10) and operators of the MHP schemes (n = 14). In terms of 

geographical location, respondents are roughly equally distributed in the three major 

island groups in the Philippines: 37 % from Apayao in Luzon, 30 % from Negros 

Occidental in Visayas and 33 % from South Cotabato and Davao Region in Mindanao.  
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Local Implementers  

 

Nongovernmental Organisations 

At the time of data collection, two NGOs, namely SIBAT Inc., and Yamog Inc., 

were found to be the most active and had the most schemes installed in the Philippines. 

Both of these organisations promote renewable energy technologies for off-grid 

electrification and their projects are not confined to MHP but also include other 

sources of renewable energy such as solar and wind. Their projects are mainly funded 

by organisations such as UNDP, USAID, JICA and ADB. Twelve out of the 13 MHP 

schemes in this study were installed by one of these two NGOs, SIBAT Inc. or Yamog 

Figure 3-2. Distribution of the 13 micro-hydropower sites that were visited in 2016 

(Google Earth, 2016) 
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Inc. Whereas SIBAT has installed about 30 MHP schemes since the early 1990s, 

Yamog has installed about 18 schemes. Towards the end of the data collection, one 

member of a more recently formed NGO, called Preferred Energy Inc., was likewise 

interviewed. Although none of their three MHP projects was visited due to conflict in 

schedule, secondary data was provided to the researcher, particularly on the MHP 

project that was heavily affected by Typhoon Frank in 2009. 

 Fewer than three people in each of these organisations are directly involved in 

MHP projects. Therefore, while there are only a few people who participated in the 

study (n = 8), this number is considered representative of the local NGO population in 

the country that directly deals with MHP development.  

 

Government officials 

A link to the survey was provided to the government agencies that are directly 

involved in micro-hydropower projects but only two government officials participated 

in the survey: one from the National Electricity Administration (NEA) and another 

from one of the field offices of the Department of Energy (DOE). After several attempts 

to send e-mail to the central office of DOE, secondary data about hydropower 

development and rural electrification in the country was eventually provided. 

Nevertheless, face-to-face interviews were held with key informants from DOE-

Hydropower Division (n = 1), Mindanao Development Authority (n = 1), DOE-

Mindanao Office (n = 1), and NEA-Office of Renewable Energy (n = 2). 
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Consultants and private companies 

To get a wider perspective of the status of the small-scale hydropower sector in 

the Philippines, consultants from ADB and World Bank along with someone who used 

to work in the government were interviewed. These consultants (n = 3) were chosen 

because of their in-depth knowledge of both micro- and mini-hydropower in the 

country.  

In addition, operations and maintenance managers (n = 2) of two separate 

mini-hydro companies were also interviewed. Although mini-hydropower plants are 

larger in scale and capacity (101 kW to 10 MW), both micro and mini-hydropower 

plants are run-of-river schemes, which are commonly built in mountainous areas and 

thus subject to the same natural hazards. Moreover, the insights from these two 

participants were considered valuable in understanding the context at which grid-

connected RE projects operate under existing policies and how they compare with off-

grid MHP schemes. 

 

International Community  

An online survey was sent to Hydro Empowerment Network (HPNet), a 

network of NGOs that are advocating for the development of MHPs in South and 

Southeast Asia. HPNet members are considered relatively familiar with the MHP 

projects in the Philippines. Twenty-six (26) members from this group completed the 

survey. All participants from this group (n = 26) come from different countries 

including Nepal, Germany, Sri Lanka, India and Bangladesh and with years of 

experience ranging from 1 to 35. 
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3.3.2 Research questionnaires (survey) and interviews 

 

Research questionnaires were created through the online platform Qualtrics©. Draft 

versions of the questionnaires were subsequently field-tested for understandability 

before distribution. Whereas survey responses from the project implementers were 

mostly retrieved online, data from project recipients were gathered during the 

fieldwork. As educational attainment varied among the project recipient group, these 

questionnaires were printed, read out and translated into the language of the 

participant, as deemed necessary.  

To identify which factors resonated more than others, respondents were questioned 

on the degree of perceived impact or influence of 16 success variables and 13 failure 

variables, as gleaned from existing literature. Each Likert-type item was followed by a 

scale ranging from 1 = no impact to 5 = very high impact.  A sixth option, 6 = I don’t 

know (excluded in the data analysis), was added to prevent participants from being 

forced to take a neutral response when dealing with items that they were not familiar 

with. To address all other factors that were not covered by the initial list, open-ended 

items were included in the questionnaire where respondents could add other factors 

and rate them accordingly.  In line with the success criteria, all participants were also 

asked about their level of satisfaction in the overall outcome of MHP schemes with 

1 = extremely dissatisfied to 5 = extremely satisfied. The remaining questions 

included both open- and closed-ended questions pertaining to demographics, energy-

use pattern, and the perceived impacts of MHPs.  

Semi-structured interviews were also used to cover all other possible answers that 

were not covered by the questionnaires. These interviews were conducted with an open 

framework that allowed for a more focused, conversational, two-way communication. 
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Relevant topics were initially identified and the possible relationships between these 

topics, such as energy availability and perceived usefulness of the technology, became 

the basis for more specific questions. The questionnaires for both the survey research 

and the prompt questions for the interviews are shown in Appendix A. 

3.3.3  Site and participant observations through field research 

To get an overview of the current status of MHPs in the Philippines, the sites included 

cases that were viewed as “typical” through to those that are “extreme”. To ensure a 

degree of correlation and to better understand the similarities and differences between 

sites, direct observation and field visits were done in parallel with the interviews, over 

the course of three months. The fieldwork also looked into a variety of different energy 

sources, systems, sizes, and capacities, including some grid-connected facilities to gain 

a comparative perspective. For example, mini-hydropower plants were also visited to 

understand the similarities and differences between community-based MHPs and 

those of privately-run corporations in terms of success factors and criteria. Each site 

visit also enabled a face-to-face discussion with actual operations and maintenance 

personnel that resulted in a more focused and narrative approach.  

3.3.4  Ethical conduct of research 

 

The Human Ethics Committee of the University of Canterbury approved the conduct 

of this research. To ensure that each participant’s involvement in this research was 

voluntary, an information letter was provided to the potential participant and their 

consent was requested and obtained prior to any interview and questionnaire. 

Interviews were recorded only when the interviewees consented to this. In the case 

that an interviewee did not consent to their voice being recorded, hand-written notes 

of the interview were made instead. Furthermore, participants were informed of their 



Factors that influence the success and failure of micro-hydropower (MHP) sites in disaster-prone areas: Insights from the Philippines 

 

 

33 
 

right to withdraw from the study at any stage. As part of the requirements from HEC, 

a summary of research results will be provided to the participants upon request. 

 
 

3.4.1  Quantitative analysis 

All of the Likert-type items in the survey were treated as ordinal data and were thus 

subjected to nonparametric tests (Boone & Boone, 2012; Clason & Dormody, 1994). 

Information was first analysed through descriptive statistics. In particular, the data 

were summarised by showing the raw count and percentage frequency distribution of 

all responses. Measures of central tendency and statistical dispersion or spread were 

then determined. As a general rule, mean and standard deviation are invalid 

parameters for descriptive statistics whenever data are on ordinal scales(Allen & 

Seaman, 2007; Jamieson, 2004); therefore, for each item, median (a measure of 

central tendency), and interquartile range (IQR, a measure of statistical dispersion) 

were used to interpret the responses instead of mean and standard deviation, 

respectively.  

Aside from descriptive analyses, methods under inferential statistics were also applied 

whenever valid. To determine any statistically significant differences in the 

distribution of scores for all groups, nonparametric tests such as the Kruskal–Wallis 

H tests with post hoc analyses via Dunn’s method (1964) were used. Because the survey 

questionnaire deals with measuring the opinion of different stakeholders, statistical 

analyses were carried out using IBM’s statistical package for social sciences (SPSS) 

version 24.  
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3.4.2 Qualitative analysis 
 

Relevant qualitative information gathered during the conduct of semi-structured 

interviews and site observations was used to build on the results of quantitative 

analysis. Unlike the research questionnaire, these other methods are more flexible and 

allow variables to be explored in greater detail and correlations to be found between 

quantitative and qualitative data. In addition to the themes found in the existing 

literature, face-to-face interviews were tape-recorded and transcribed. The data were 

then analysed using thematic analysis, involving a systematic process of “shifting, 

charting and sorting material according to key issues and themes” (Ritchie and 

Spencer, 1994, p. 176). Transcripts were read repeatedly to identify key themes, codes 

and categories, which were then developed into a coding framework. The phases of the 

thematic analysis (Braun and Clarke, 2006) used in this study are shown in Table 3-2. 

 

 

 

 

  

Table 3-2. Phases of Thematic Analysis (Braun and Clarke, 2006) 
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This study aimed to identify and analyse the key factors influencing the micro-

hydropower systems and which among them are perceived by different stakeholders 

to be more salient than others. Towards this end, a convergent parallel mixed-methods 

design was used. It is a type of design in which qualitative and quantitative data are 

collected in parallel, analysed separately, and then merged. Common variables that 

emerged from several peer-reviewed journals were collected in a database, along with 

factors that were cited in the technical reports of organisations working for the 

promotion and development of renewable energy for rural electrification. With an 

approval from the University of Canterbury’s Human Ethics Committee, quantitative 

and qualitative data were then collected through research questionnaires, semi-

structured interviews, and field research. Whereas the duration of field data collection 

was more than three months, from June to early September 2016, the link to the online 

survey remained accessible until late December of the same year.  
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Chapter 4.  Success and Failure Factors of Micro-hydropower 
(MHP) Schemes: Perceptions Across Stakeholders 

 

 
 

This chapter presents quantitative results and qualitative findings from a survey of 

different stakeholder groups on the success and failure factors of MHP. The 

quantitative part of this research addressed the research questions by subjecting the 

surveyed data to both descriptive and inferential statistics. A discussion of the 

statistical results pertaining to the key factors that contribute to the success or failure 

of MHP schemes and the respondents’ perceived degree of overall satisfaction is 

presented at the end of the quantitative section. 

The other half of this chapter then presents the findings from the qualitative 

component of this research. It is based on the use of thematic analyses and it built 

upon the techniques of grounded theory. Emerging patterns and common themes were 

derived from synthesising responses from open-ended questions, coded interview 

scripts, e-mail correspondence with key informants, field memos and a review of 

related literature. 

 
 

4.2.1 Survey stakeholder groups 

 

Out of the 96 people who participated in this study, a total of 87 took part in the survey. 

The survey respondents included community members (n = 51), members of local 

NGOs (n = 8), international community members (n = 26), and key informants from 

government agencies (n = 2). The survey respondents were then divided into three 
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major groups: “community members” (n = 51), “local implementers” (n = 10) and 

“international community” (n = 26). The percentage distribution of these groups is 

shown in the pie graph of Figure 4-1 

 

Figure 4-1 Percentage distribution of survey participants according to the stakeholder 

groups (n = 87) 

 

4.2.1.1 Gender distribution  

 

The frequency analysis by gender shows that the majority of the survey participants 

are male (n = 51, 58.6 %) and approximately two-fifths are female (n = 35, 40.2 %). 

One participant identified as being both male and female (bi-gender), as shown in 

Figure 4-2. 

58.6%

11.5%

29.9%

Community Members Local Implementers International Community
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Figure 4-2 Percentage distribution of respondents by gender (n = 87) 

  

4.2.2 Factors that influence the success and failure of MHP schemes 

 

Given the level of the educational attainment of the surveyed community members, it 

is unsurprising that a number of them found some concepts in the questionnaire hard 

to understand. Consequently, out of the 51 people from the end-users’ group, only 42 

agreed to answer the Likert-type items on success and failure factors. As for the project 

implementers, a total of 36 participants (local implementers, n = 10; international 

community, n = 26) responded online, and results were downloaded from the survey 

platform Qualtrics. Hence, the maximum number of cases in this portion of the 

questionnaire is 78. Where relevant, the number of valid cases (N) per question are 

presented. 

 

40.2 %

58.6 %

1.2 %

Female Male Bigender
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It can be recalled from Chapter 3 that, for the survey questions on success and failure 

factors, participants were asked to rate the degree of perceived impact or influence of 

different variables. Responses were then coded with the following numerical values: 

1 = no impact  

2 = little impact  

3 = average impact 

4 = high impact 

5 = very high impact 

6 = I don’t know (excluded from data analysis) 

 

4.2.2.1 Ranking of Factors I: Exploring pooled responses via percentage frequency 

distribution analyses 

 

  

Success Factor List 

The count of responses across the categories and percentage frequency distributions 

on success factors show only a few factors with high counts of no impact but many 

with very high impact (Table 4-1).  When these values are plotted as a stacked bar 

graph in a descending order, a ranking of success can be shown from highest to lowest 

percentage frequency scores (Figure 4-3). 
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Table 4-1 Raw count and percentage frequency distribution for the variables under the 

success factor list. The items are in the same order as they appear in the questionnaire. 

Item 

No.
Variables for  Success Factors

Summary 

Statistics
No impact

Little 

Impact

Average 

Impact

High 

Impact

Very High 

Impact

Count 0 1 1 16 60

N% 0% 1% 1% 21% 77%

Count 0 1 8 23 44

N% 0% 1% 11% 30% 58%

Count 1 6 12 26 31

N% 1% 8% 16% 34% 41%

Count 0 1 3 20 53

N% 0% 1% 4% 26% 69%

Count 0 0 2 20 55

N% 0% 0% 3% 26% 71%

Count 0 23 30 15 6

N% 0% 31% 41% 20% 8%

Count 0 2 11 32 32

N% 0% 3% 14% 42% 42%

Count 0 1 12 40 24

N% 0% 1% 16% 52% 31%

Count 30 14 14 15 3

N% 39% 18% 18% 20% 4%

Count 5 28 29 11 1

N% 7% 38% 39% 15% 1%

Count 0 1 5 22 49

N% 0% 1% 6% 29% 64%

Count 1 4 12 25 34

N% 1% 5% 16% 33% 45%

Count 0 1 13 24 38

N% 0% 1% 17% 32% 50%

Count 0 3 21 24 27

N% 0% 4% 28% 32% 36%

Count 0 0 5 19 53

N% 0% 0% 6% 25% 69%

Count 0 4 12 16 26

N% 0% 7% 21% 28% 45%
16

11

12

13

14

15

6

7

8

9

10

1

2

3

4

5

Proper training for the operator(s)

Community participation and sense of 

ownership

Existence of an effective management 

committee

Gender empowerment

Availability of funding for maintenance 

and repair

Suitability and appropriateness of 

technical and engineering design

Awareness raising regarding MHP via 

Information, Education and 

Communication campaigns

Proper tariff setting and administration

Amount of experience and level of 

expertise of implementing agencies

Cultural awareness and sensitivity of 

implementing agencies

Involvement of an independent evaluator 

for monitoring

Availability of income generation and 

productive end-uses of electricity ( e.g. 

agri-mill, home business)

Availability of failure/problem reporting 

mechanism and follow-through services

Availability of training for financial 

management

Availability of perennial  source of water/ 

continuous water supply

Inclusion of watershed management 

programs in overall sustainability plans
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Figure 4-3 Success factor list arranged from highest to lowest percentage frequency scores. Note the top six factors (green box) and bottom three 

factors (orange box). 
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In general, 13 out of the 16 success variables have a considerable impact on MHP 

schemes (Figure 4.6). However, the top factors or those items whose percentages of 

very high impact scores are more than 50% are as follows: “community participation 

and sense of ownership” (nVhigh = 60, 77 %), “suitability and appropriateness of 

technical design” (nVhigh = 55, 71 %), “availability of funding for repair and 

maintenance” (nVhigh = 53, 69 %), “availability of perennial water resource” (nVhigh = 

53, 69 %), “proper training for the operators” ( nVhigh = 49, 64%) and “existence of 

effective management” (nVhigh = 44, 58 %). 

On the other hand, the bottom three items are those that lean towards the no impact 

to average impact side of the scale and where a wider range in responses is more 

noticeable. The first two items in this category are “awareness raising regarding micro-

hydropower” (nlittle = 23, 31 %; nAve = 30, 41 %), and “involvement of an independent 

evaluator for monitoring” (nlittle = 28, 38 %; nAve   = 29, 39 %).  Lastly, dissonance in 

opinion was observed to be stark in the case of “cultural awareness and sensitivity of 

implementing agencies”. A large number of respondents (nnil = 30, 39 %) indicated 

that this factor had no impact whereas the responses of others are distributed roughly 

equally in the little impact (nlittle = 14, 18 %), average impact (nAve   = 14, 18 %) and 

high impact (nHigh = 15, 20 %) categories. 

Failure Factor List  

Following the same criteria that were applied to the variables under the success factor 

list, the raw counts and percentage distribution for the variables under the failure 

factors were also determined and are presented in Table 4-2; they are further 

illustrated and arranged in descending order in Figure 4-4. 
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Table 4-2 Raw count and percentage frequency distribution of the variables under the 

failure factor list. The items are in the same order as they appear in the questionnaire. 

 

 

 

Item 

No.
Variables for Failure Factors

Summary 

Statistics
No impact

Little 

Impact

Average 

Impact

High 

Impact

Very High 

Impact

Count 1 4 25 29 16

N% 1% 5% 33% 39% 21%

Count 25 4 10 18 16

N% 34% 5% 14% 25% 22%

Count 0 3 6 20 45

N% 0% 4% 8% 27% 61%

Count 0 3 15 26 30

N% 0% 4% 20% 35% 41%

Count 35 5 17 11 5

N% 48% 7% 23% 15% 7%

Count 0 16 24 27 7

N% 0% 22% 32% 36% 9%

Count 1 1 7 23 41

N% 1% 1% 10% 32% 56%

Count 0 8 31 25 8

N% 0% 11% 43% 35% 11%

Count 0 1 4 23 46

N% 0% 1% 5% 31% 62%

Count 0 2 5 21 46

N% 0% 3% 7% 28% 62%

Count 0 5 29 29 9

N% 0% 7% 40% 40% 13%

Count 0 0 6 22 49

N% 0% 0% 8% 29% 64%

Count 0 23 10 22 17

N% 0% 32% 14% 31% 24%

11

12

13

6

7

8

9

10

1

2

3

4

5

Village politics/ Differences among 

people

Dispute over water allocation (e.g., 

allocation of water for farming vs 

energy production)

Natural disasters (e.g., floods, 

landslides, earthquake)

Extreme seasonal changes (too little 

or too much water depending on 

season)

Problems with land owner where the 

scheme is installed

Lack of proper and regular 

maintenance of equipment and civil 

works

Ease of access to alternative energy 

sources (e.g. grid, diesel generator 

sets)

Excessive power consumption

Lack of proper community 

consultation

Lack of government policies that 

support the development and 

sustainability of MHP schemes

Problems in tariff collection and fund 

management

Lack of technical capacity of operators

Lack of succession planning for when 

the operator leaves or change jobs
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 Figure 4-4. Failure factor list arranged from highest to lowest percentage frequency scores. Note the top five variables (green box) and bottom two 

variables (orange box). 
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Based on the raw count and percentage frequency distribution of responses, the top 

five variables on the failure factor list are “lack of proper and regular maintenance of 

equipment and civil works” (nVhigh = 49, 64 %;), “problems with tariff collection and 

fund management” (nVhigh = 46, 62 %;), “lack of technical capacity of operators” (nVhigh 

= 46, 62 %), “natural disasters” (nVhigh = 45, 61 %) and “lack of proper community 

consultation” (nVhigh = 41, 56 %). 

On the other hand, “dispute over water allocation” and “problems with landowner 

where the MHP scheme is installed” occupy the bottom two positions. Dissonance in 

opinion is also particularly noticeable in these two factors. Many respondents (nnil = 

25, 34 %) indicated that the dispute over water allocation variable has no impact on 

the success or failure of MHPs, but a large number of people (nHigh=18, 25%; nVhigh = 

16, 22 %) listed this item as having high to very high impact. Finally, there is also a 

huge dissonance in opinion on how “problems with landowner where the MHP scheme 

is installed” can be a factor in the success or failure of MHPs. Many respondents (nnil 

= 35, 48 %) considered this factor to have no impact while others (nAve   = 17, 23 %; 

nHigh = 11, 15 %; nVhigh = 5, 7 %) indicated it had average to very high impact.  

Overall, the frequency and percentage distribution data reveal that most of the 

responses on the success factor list are heavily clustered around the positive side of the 

scale (high to very high impact). On the other hand, responses on the failure factor 

list are more nuanced with about half of the items being generally rated as having 

average to high impact. The percentage frequency scores also show that dissonance 

in opinion among respondents exists for a number of variables in both lists, but are 

more pronounced in the failure factors than in the success factors. 
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4.2.2.2 Ranking of factors II: Ratings across stakeholder groups 

 

Although it seems convenient to choose the top factors using only raw counts and 

percentage frequency distribution, other pertinent characteristics of the data such as 

central tendency and statistical dispersion or spread must also be taken into account. 

In this section, values of median as a measure of central tendency, and interquartile 

range (IQR) as a measure of statistical spread were determined. Although used in the 

same data situation as the mean and standard deviation (SD), the median and IQR 

were considered more suited in this analysis because the collected data were non-

normally distributed and measured in an ordinal scale (Likert-type items). 

Hence, to identify which factors are perceived by stakeholder groups to be the most 

important, median–IQR scores were used for ranking. For example, variables that 

have median values that are equal to “5.00” (highest on the five-point scale) have the 

highest rating and those with IQR values that are equal to “0.00” (no dispersion) 

indicate an absolute consensus in opinion. Where the median values for two or more 

variables are the same, the variable with the lower IQR score is ranked higher. 

 To determine the most highly rated factors within individual groups, the top three 

variables according to median–IQR scores were identified. An overall ranking based 

on the “all respondents” group was then obtained for both success and failure lists. 

Where ties exist, differences in the overall ranking were determined by further 

examination of the individual rankings from the three respondent groups. Details on 

the ranking for the success and failure factors are shown in Table 4-3 and Table 4-4, 

respectively. For brevity, only the top three (3) most highly rated factors within the all 

respondents group were considered as “top factors”.
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Table 4-3 Median-IQR score ranking of all variables under the success factor list 

 

 

Table 4-4. Median-IQR score ranking of all variables under the failure factor list 

 

Notes: For median scores: 1 = no impact to 5 = very high impact 

For IQR scores: the higher the number, the higher the statistical  

dispersion (e.g., 0 = no dispersion, no dissonance in opinion) 

 

Median IQR Rank Median IQR Rank Median IQR Rank Median IQR Rank

Community participation and sense of 

ownership 5.00 0.00 1 5.00 0.00 1 5.00 1.00 1 5.00 0.00 1 1

Existence of an effective management 

committee 5.00 1.00 3 5.00 0.00 1 5.00 1.00 1 5.00 1.00 2 2

Gender empowerment
5.00 1.00 3 4.00 2.00 4 3.00 2.00 8 4.00 2.00 5 11

Availability of funding for maintenance and 

repair 5.00 0.25 2 5.00 0.00 1 4.50 1.00 2 5.00 1.00 2 3

Suitability and appropriateness of technical and 

engineering design 5.00 0.00 1 5.00 1.00 3 5.00 1.00 1 5.00 1.00 2 2

Awareness raising regarding microhydropower 
2.00 1.00 6 4.00 1.00 4 3.00 1.00 6 3.00 2.00 8 13

Proper tariff setting and administration
5.00 1.00 2 4.00 2.00 5 4.00 1.00 3 4.00 1.00 4 7

Amount of experience and level of expertise of 

implementing agencies 4.00 1.00 4 5.00 1.00 3 4.00 1.00 3 4.00 1.00 4 8

Cultural awareness and sensitivity of implementing 

agencies 1.00 1.00 7 4.00 1.00 4 3.00 1.50 7 2.00 2.00 9 15

Involvement of an independent evaluator for 

monitoring 2.00 1.00 6 3.00 1.00 6 3.00 1.00 6 3.00 1.00 7 14

Proper training for the operator(s)
5.00 0.25 2 5.00 1.00 3 4.00 1.00 3 5.00 1.00 2 5

Availability of income generation and productive end-

uses of electricity( e.g.,agri-mill, home business) 4.00 2.00 5 5.00 1.00 3 4.00 1.25 4 4.00 1.00 4 9

Availability of failure/problem reporting 

mechanism and follow-through services 5.00 1.00 3 5.00 1.00 3 4.00 1.00 3 4.50 1.00 3 6

Availability of training for financial management
5.00 1.00 3 4.00 2.00 5 3.50 1.00 5 4.00 2.00 6 12

Availability of perennial  source of water/ 

continuous water supply 5.00 0.00 1 5.00 0.50 2 4.00 1.00 3 5.00 1.00 2 4

Inclusion of watershed management programs in 

overall sustainability plans 5.00 1.00 2 5.00 0.50 2 4.00 1.00 3 4.00 2.00 6 10

Variables for Success
Overall 

Rank

All Respondents

(N max=78)

Community Members 

(N max=42)

Local Implementers  

(N max=10)

International Community 

(N max=26)

Median IQR Rank Median IQR Rank Median IQR Rank Median IQR Rank

Village politics/ Differences among people 4.00 1.25 5 4.00 1.50 6 4.00 1.00 3 4.00 1.00 2 7

Dispute over water allocation (e.g., allocation of water 

for farming vs energy production) 1.00 3.25 9 4.50 2.50 4 4.00 1.00 3 3.00 3.00 6 12

Natural disasters (e.g., floods, landslides, 

earthquake, etc.) 5.00 0.00 1 5.00 1.00 2 4.00 1.00 3 5.00 1.00 1 3

Extreme seasonal changes (too little or too much 

water depending on season) 5.00 1.25 4 4.00 1.00 5 4.00 1.00 3 4.00 1.00 2 6

Problems with land owner where the scheme is 

installed 1.00 0.00 10 3.50 1.00 7 3.00 1.00 5 2.00 2.00 7 13

Excessive power consumption 3.00 2.00 7 4.00 1.50 6 4.00 1.00 3 3.00 1.00 5 11

Lack of proper community consultation 5.00 1.00 3 5.00 2.00 3 4.00 2.00 4 5.00 1.00 1 5

Lack of government policies that support the 

development and sustainability of MHP schemes 3.00 1.00 7 4.00 1.00 5 4.00 1.00 3 3.00 1.00 5 10

Problems in tariff collection and fund 

management 5.00 0.00 1 5.00 1.00 2 4.00 0.00 1 5.00 1.00 1 2

Lack of technical capacity of operators 5.00 0.25 2 5.00 1.00 2 4.00 1.00 3 5.00 1.00 1 4

Lack of succession planning for when the operator 

leaves or change jobs 3.50 1.00 6 4.00 1.00 5 3.00 1.00 5 3.50 1.00 4 9

Lack of proper and regular maintenance of 

equipment and civil works 5.00 0.00 1 5.00 0.00 1 4.00 0.00 1 5.00 1.00 1 1
Ease of access to alternative energy sources 

(i.e.,grid, diesel generator sets, etc.,) 2.00 3.00 8 4.00 1.50 6 4.00 0.50 2 4.00 2.00 3 8

Variables for Failure
Overall 

Rank 

Community Members 

(N max=42)

Local Implementers  

(N max=10)

International Community 

(N max=26)

All Respondents

(N max=78)

Legend
Top 3 of each group

Top Factors
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4.2.3  Success factors according to stakeholders 

 

As shown in Table 4-3, the median values of the variables under the success factor list, 

as furnished by the community members, range from 1.00 to 5.00, whereas the median 

values given by the local implementers and the international community range from 

3.50 to 5.00 and 3.00 to 5.00 respectively. These values show that there is a wider 

range in the ratings of the community members than in those of the local 

implementers and the international community. In addition, the median values from 

the local implementers and the international community indicate that they considered 

all of the listed variables to have average to very high impact on the success of MHP 

schemes (i.e., median values ≥ 3.00).  

4.2.3.1 Top success factors 

Overall ranking of variables under the success factor list reveals that community 

participation and sense of ownership was identified as the greatest determinant of 

MHP success. It has a median value of 5.00 across all groups and an overall IQR value 

of 0.00. Although the next four variables have identical overall median values of 5.00 

and IQR values of 1.00, differences in ranking were made based on the individual 

rankings given by each of the respondent groups. As a result, “suitability and 

appropriateness of technical and engineering design” and “existence of an effective 

management committee” tied in second place, whereas “availability of funding for 

repair and maintenance” was ranked third. Although the latter was given a median 

value of 5.00 by both community members and local implementers, the international 

community rated it with a slightly lower score (median = 4.50). Occupying the fourth 

place was “availability of perennial water source”, which was ranked first by the 

community members (median = 5.00, IQR = 0.00), second by the implementers 

(median = 5.00, IQR = 0.50), and third by the international community (median = 
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4.00, IQR = 1.00). It was then followed by “proper training for the operators” in fifth 

place, which was ranked second by community members (median=5.00, IQR = 0.25) 

but ranked third both by the local implementers (median=5.00, IQR = 1.00) and the 

international community (median = 4.00, IQR=1.00). Completing this set was 

“availability of failure or problem reporting mechanism” (medianAll = 4.50, 

IQRAll = 1.00) which was ranked third by all three groups.  

It is also worth noting that there are success variables which were rated highly by one 

group but not so highly by others. For instance, “gender empowerment”, and 

“availability of training for financial management” were all ranked highly by 

community members, but were not rated as highly by other stakeholder groups. 

Unsurprisingly, both the local implementers and the international community 

indicated that “amount of expertise of implementing agencies” matters greatly in 

ensuring the success of MHP. Yet, this is ranked lower within the group of community 

members. Lastly, while “proper tariff setting and administration” was ranked highly 

by community members and the international community, its rank within the local 

implementers group was lower. 

4.2.4 Failure factors according to groups 

 

In the case of the failure factors, Table 4-4 shows that the median values from the 

community members ranged from 1.00 to 5.00, whereas the median values given by 

the local implementers and the international community ranged from 3.50 to 5.00 and 

3.00 to 4.00, respectively. Like the ranges of values for the success factors, these 

ranges indicate that while the community members have responses that span the full 

spectrum of the five-point scale, the local and international implementers have less 

variation in their responses. Moreover, the implementers considered all variables to 
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have equal to or higher than average impact (median values ≥3.0). It is, however, 

observed that in contrast to that of the success factor list, the maximum median value 

given by the international community for any of these failure factors is 4.00 (high 

impact) rather than 5.00 (very high impact). 

4.2.4.1 Top failure factors 

In terms of the overall ranking, the first five variables have the same median and IQR 

values for the pooled responses (medianAll = 5.00, IQRAll = 1.00); however, individual 

rankings of the groups indicate that “lack of proper and regular maintenance of 

equipment and civil works” was unanimously ranked first by all groups. This is then 

followed by “problems in tariff collection and fund management”, which was ranked 

first by community members (median = 5.00, IQR = 0.00) and the international 

community (median = 4.00, IQR = 0.00) but only second by local implementers 

(median = 5.00, IQR = 1.00). “Natural disasters” then came in third place. It was 

ranked first by community members (median = 5.00, IQR = 0.00), second by local 

implementers (median = 5.00, IQR = 1.00) and third by the international community 

(median = 4.00, IQR = 1.00). “Lack of technical capacity of operators” 

(median = 5.00, IQR = 0.00) came in fourth place, followed by “lack of proper 

community consultation” in fifth place (median = 5.00, IQR = 2.00). “Extreme 

seasonal changes” was ranked sixth, whereas “village politics” was ranked seventh. 

Lastly, “ease of access to alternative energy sources” completed the set of the top 

failure factors. Among these eight factors, only these last three variables had median 

values lower than 5.00 (median values = 4.00). 

4.2.5  Comparison of score distribution among groups 

  

Building on the results of the overall ranking from the previous section, the top seven 

success factors (out of 16 items) and the top eight failure factors (out of 13 items) were 
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subjected to further analysis through inferential statistics. To reiterate, these factors 

are not only very highly rated but also indicate a high degree of consensus in opinion 

among respondents. To illustrate how the data for these specific factors vary from one 

group to another, a summary of important results from both descriptive and 

inferential statistics are presented in Tables 4-5 and 4-6.  

One way of graphically presenting the median and IQR data is through the use of box 

plots that show the percentile distribution of scores for each group and where the 

median values (represented by thick solid black lines) and outliers/extreme values 

(black dots) lie in the data spread. Visual inspection of the box plots of the top success 

and failure factors could reveal how similar or different the distribution scores are. For 

example, among the top success factors in Table 4-5, the distributions of responses 

between community members and local implementers are visually similar for items 

S1, S4, S5 and S7. On the other hand, responses of local implementers and the 

international community are comparable in items S2 and S6. In the same way, for the 

top failure factors in Table 4-6, local implementers and community members have 

similar distribution scores in most of the items, and particularly for F1, F3, F5 and F6. 

Interestingly, all three groups have similar distribution scores in item F7. Also, except 

for F7, the median scores of the international community for the failure factors were 

all found to be lower than those of the community members and the local 

implementers. Nevertheless, to determine whether these visually observed differences 

are statistically significant or not, inferential methods were carried out. 

Unlike descriptive statistics, which are mainly used to describe the distribution, 

central tendency, and dispersion or spread of a single variable, inferential statistics are 

used to make inferences about the larger population based on the sample. Inferential 

statistics are typically used to test some hypothesis. Do groups differ on some outcome 
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variable? Is the difference more than would be expected by chance? In this study, 

inferential methods were carried out to determine if there exists any significant 

differences in the perceptions among the three respondent groups towards the key 

success and failure variables previously identified. As mentioned earlier, 

nonparametric tests are deemed more appropriate when analysing ordinal data (i.e., 

Likert-type data). Hence, the Kruskal–Wallis test, the nonparametric counterpart of 

ANOVA (analysis of variance), was used. 

Among the top success and failure factors that were identified in the previous section, 

Kruskal–Wallis tests (or one-way ANOVA on ranks) were conducted to determine if 

there were any statistically significant differences in the distribution of scores among 

the three respondent groups.  Like ANOVA, Kruskal–Wallis tests only reveal if 

differences occur among the groups, but do not specify which pairs had such 

differences. Hence, following a rejection of the null hypothesis (H0 = the distribution 

of scores of a given variable is the same across all groups), Dunn’s test (1964) with 

Bonferroni correction was used as a post hoc test. 

To better illustrate the data across the different stakeholders, the summaries of the 

results from both the descriptive and inferential methods are shown in Table 4-3 for 

the top success factors and Table 4-4 for the top failure factors. Significance level was 

set at 0.05 and p values less than this were considered to indicate that statistically 

significant differences existed among groups. Results of the post hoc analyses are 

presented in the last column of both tables to show which specific paired groups were 

found to have significant differences. 
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Table 4-5 Summary of the descriptive and inferential statistics for the top success factors. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Item Success Factors Respondent Groups N 

Descriptive Statistics Inferential Statistics 

Median IQR Boxplots Mean Rank 

Kruskal-
Wallis Tests  

Sig. 
(p.values) 

Post hoc (Dunn, 1964)/ 
Pairwise Analysis 

S1 
Community participation and sense of 

ownership 

Community Members 42 5.0 0 

 

40.55 

0.179  

Local Implementers 10 5.0 0 46.70 

International 
Community 

26 5.0 1 35.04 

All respondents 78 5.0 0  

S2 
Suitability and appropriateness of 
technical and engineering design 

Community Members 42 5.0 0 

 

43.75 

0.024 
International Community-

Community Members  
(p = .046) 

Local Implementers 9 5.0 1 37.5 

International 
Community 

26 5.0 1 31.85 

All respondents 77 5.0 1 
 

S3 
Existence of an effective management 

committee 

Community Members 40 5.0 1 

 

35.88 

0.137  

Local Implementers 10 5.0 0 49.60 

International 
Community 

26 5.0 1 38.27 

All respondents  76 5.0 1 
 

S4 
Availability of funding for repair and 

maintenance 

Community Members 42 5.0 0 

 

42.31 

0.027 
International Community-

Community Members  
(p = .020) 

Local Implementers 9 5.0 0 45.67 

International 
Community 

26 4.5 1 31.35 

All respondents  77 5.0 1 
 

S5 
Availability of perennial source of 
water/ continuous water supply 

Community Members 42 5.0 0 

 

43.9 

0.015 
International Community-

Community Members 
(p = .012) 

Local Implementers 9 5.0 0 41.17 

International 
Community 

26 4.0 1 30.33 

All respondents 77 5.0 1 
 

S6 Proper training for the operator(s) 

Community Members 42 5.0 0 

 

46.71 

0.000 
International Community-

Community Members 
(p < .001) 

Local Implementers 9 5.0 1 41.67 

International 
Community 

26 4.0 1 25.62 

All respondents 77 5.0 1 
  

S7 
Availability of failure/problem reporting 
mechanism & follow-through services 

Community Members 42 5.0 1 

 

46.14 

0.000 
International Community-

Community Members 
(p < .001) 

Local Implementers 9 5.0 1 41.67 

International 
Community 

25 4.0 1 24.52 

All respondents 76 5.0 1 
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Table 4-6 Summary of the descriptive and inferential statistics for the top seven success factors . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Item 
Failure Factors 

 

Respondent 
Groups 

 

N 
 

Descriptive Statistics Inferential Statistics 

Median IQR Boxplots Mean Rank 

Kruskal-
Wallis Tests  

Sig. 
(p.values) 

Post hoc (Dunn, 1964)/ 
Pairwise Analysis 

F1 

Lack of proper and regular 
maintenance of equipment and civil 
works 
 

Community 
Members 

42 
5.0 0 

 

47.93 

<0.001 
 

International Community-
Local Implementers  
(p = .001) & International 
Community-Community 
Members (p < .001) 
 

Local Implementers 9 5.0 0 47.50 

International 
Community 

26 
4.0 0 21.63 

All respondents 77 5.0 0   

F2 
Problems in tariff collection and fund 
management 
 

Community 
Members 

42 
5.0 0 

 

47.39 

<0.001 
 

International Community-
Local Implementers  
(p = 0.021) & International 
Community-Community 
Members (p < .001) 
 

Local Implementers 9 5.0 1 38.5 

International 
Community 

23 
4.0 0 19.04 

All respondents 74 5.0 0   

F3 
Natural disasters (e.g., floods, 
landslides, earthquake) 
 

Community 
Members 

42 
5.0 0 

 

43.52 

0.001 
 

International Community-
Community Members 
(p < .001) 
 

Local Implementers 9 5.0 1 40.78 

International 
Community 

23 
4.0 1 25.22 

All respondents 74 5.0 0   

F4 
Lack of technical capacity of operators 
 

Community 
Members 

42 
5.0 0 

 

43.17 

0.006 
 

International Community-
Community Members  
(p = .004) 
 

Local Implementers 9 5.0 1 36.11 

International 
Community 

23 
4.0 1 27.7 

All respondents 74 5.0 0   
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Continued from last page 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Item Failure Factors 
Respondent 
Groups 

N 

Descriptive Statistics Inferential Statistics 

Median IQR Box Plots Mean Rank 

Kruskal–
Wallis 

Tests Sig. 
(p values) 

 

F5 
Lack of proper community 

consultation 
 

Community 
Members 

42 
5.0 1 

 

42.74 

0.003 
 

 International 
Community-Community 

Members (p = .002) 
 

Local 
Implementers 

9 
5.0 1 38 

International 
Community 

22 
4.0 2 25.64 

All respondents 73 5.0 1  

F6 

Extreme seasonal changes (too 
little or too much water 
depending on season) 

 

Community 
Members 

42 
5.0 1 

 

41.52 

0.370 
 

 International 
Community-Community 

Members (p = .039) 
 

Local 
Implementers 

9 
4.0 1 41.67 

International 
Community 

23 
4.0 1 28.52 

All respondents 74 4.0 1   

F7 
Village politics/ Differences 

among people 
 

Community 
Members 

42 
4.0 2 

 

38.29 

0.841  
Local 
Implementers 

9 
4.0 1 41.67 

International 
Community 

24 
4.0 1 24.52 

All respondents 75 4.0 1   

F8 
Ease of access to alternative 

energy sources (i.e. grid, diesel 
generators sets, other RE) 

Community 
Members 

42 
2.0 3 

 

31.51 

0.45 

International 
Community-Community 

Members (p = .027) 
  
 

Local 
Implementers 

9 
4.0 1 

43.50 

International 
Community 

21 
4.0 0 

43.48 

All respondents 72 4.0 2.0  
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4.2.5.1 Similarities and differences across groups 

Five out of seven items in the top success factor list failed the Kruskal–Wallis tests (p 

values < .05; reject the null hypothesis). The only two factors that have similar median 

score distributions are “community participation and sense of ownership” (S1) 

(p = .179) and “existence of an effective management committee” (S3) (p = .137).  

Significant differences were also observed in all the failure factors except for one: 

“village politics/differences among people” (F7) (p = .841).  

In general, post hoc and pairwise analyses showed that for the listed success factors 

statistically significant differences in distribution scores existed between the 

international community and the community members, but not between any other 

group combinations. In contrast to the success factor list, significant differences in the 

scores for the failure factors existed not only between the international community 

and the community members, but also between the international community and local 

implementers in two specific factors: “lack of proper and regular maintenance of 

equipment and civil works” (F1) (p < .001) and “problems in tariff collection and fund 

management” (F2) (p = .021). 

In sum, the results from the inferential analyses of the top factors show that there are 

significant differences in the responses between the international community and the 

community members, but none between the local implementers and the community 

members. On the other hand, except for the top two failure factors (F1 and F2), the 

responses of the local implementers and the international community are fairly similar 

in distribution. Interestingly, statistically significant differences did not exist for items 

that deal with the social aspect of MHP projects, namely “community participation and 

sense of ownership” (S1) and “existence of an effective management committee” (S3) 

as success factors, and “village politics/differences among people” (F7) as a failure 
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factor. Moreover, with the exception of these social factors, the results indicated that 

the international community was generally more conservative in giving their ratings. 

This was particularly evident in cases where statistically significant differences 

existed; the mean rank scores of the international community were all lower than those 

of the other two groups.  

4.2.6 Perceived degree of satisfaction 

 

All survey participants (N = 87) were asked how satisfied they were with the overall 

performance and impacts of MHPs. Survey responses were then coded with the 

following numerical values for statistical analyses:  

1 = extremely dissatisfied  

2 = somewhat dissatisfied 

3 = neither satisfied nor dissatisfied 

4 = somewhat satisfied 

5 = extremely satisfied 

 

A bar graph that illustrates the frequency distribution of responses across the five-

point scale is shown in Figure 4.5. Whereas the majority of community members 

indicated that they are extremely satisfied (n = 45) with the performance and impacts 

of MHPs, the other two groups have a wider range in their responses.  
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Figure 4.5 .Bar graph showing the perceived overall satisfaction of the different respondent 

groups. 

 

4.2.6.1 Differences across groups 

 

In a procedure similar to that used in the previous section, a Kruskal–Wallis test was 

conducted to determine if there were differences in the distribution scores among the 

three groups. The test revealed that the mean ranks are statistically significantly 

different between groups, H = 32.666, p < .001 (Table 4-7)  

Subsequently, pairwise comparisons as post hoc were performed using Dunn's (1964) 

procedure. This post hoc analysis revealed statistically significant differences in scores 

between the local implementers (mean rank = 26.25) and community members (mean 

rank = 55.53, p < .001) and international community (mean rank=28.21) and 
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community members (mean rank = 55.53) (p< .001), but not between the local 

implementers and the international community (p = 1). 

 

Table 4-7. Mean ranks of the three groups based on the Kruskal–Wallis Test on “overall 

satisfaction” 

Groups n 
Mean 
Rank 

Test 
statistic (H) 

Sig. 
(p. value) 

Box plot 

Community 
Members 

51 55.53 32.666 <.001 

 

Local Implementers 10 26.25 

International 
Community 

26 28.21 

Total 87 
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Both descriptive and inferential statistics were used to analyse the data from the survey 

In order to address the research objective of identifying the key factors that contribute 

to the success or failure of MHP systems, opinions were drawn from different 

stakeholder groups (i.e., community members, local implementers and the 

international community). Their perceived degree of satisfaction was also determined 

to get a sense of how success relates to overall satisfaction and how it varies from one 

stakeholder group to another.  

As expected, the frequency and percentage distribution of the pooled responses 

indicated that the majority of the answers to the Likert-type items in the survey were 

heavily clustered on one side of the five-point category. Whereas the stacked bar 

graphs for the listed variables under the success factor list show that the majority of 

the items were considered to have high to very high impact, half of the graphs for the 

failure factor list indicate average to high impact. In terms of central tendency and 

spread, the responses from the community members were more varied than those of 

the local implementers and the international community. The responses from these 

implementer groups indicated that they considered all of the listed variables for both 

the success and failure factors to have equal or more than average impact (median 

values ≥ 3.00). Similarly, dissonance in opinion as reflected by the IQR scores are 

more prominent in the community members than the local implementers and the 

international community.  

Based primarily on median-IQR scores, overall rankings were eventually determined. 

As this study focused on determining the key factors, only the top success factors and 

top failure factors were identified and listed:  
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TOP SUCCESS FACTORS 

1. Community participation and sense of ownership 

2. Suitability and appropriateness of technical and engineering design  

3. Existence of an effective management committee (tied with item no.2) 

4. Availability of funding for repair and maintenance 

5. Availability of perennial source of water/ continuous water supply 

6. Proper training for the operator(s) 

7. Availability of failure/problem reporting mechanism and follow-through 

services 

 

TOP FAILURE FACTORS 

1. Lack of proper and regular maintenance of equipment and civil works  

2. Problems in tariff collection and fund management 

3. Natural disasters (e.g., floods, landslides) 

4. Lack of technical capacity of operators 

5. Lack of proper community consultation 

6. Extreme seasonal changes (too little or too much water, depending on season) 

7. Village politics/ differences among people 

8. Ease of access to alternative energy resources (e.g., grid, diesel generator sets) 
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These key factors were then subjected to inferential statistics to determine any 

statistically significant differences in the perceptions among groups. Statistically 

significant differences in responses existed in most key factors, particularly between 

the international community and the community members. With the exception of the 

top two failure factors, the distribution of scores for both the top success and failure 

lists were similar for the local implementers and the international community. On the 

other hand, no significant differences were found between the local implementers and 

the community members. Interestingly, the distribution scores for all three groups 

were found to be similar only for variables that are related to the social aspects of the 

MHP projects. Apart from the social factors, variables relating to the technical and 

financial component of MHP development also dominated the list. It is worth noting 

that environmental factors such as “availability of perennial water source” as a success 

factor and “natural hazards” and “extreme seasonal changes” as failure factors were 

likewise ranked high in the list. 

In terms of overall satisfaction, except for fewer than ten people, many community 

members expressed extreme satisfaction towards the MHP projects. In contrast, local 

implementers and the international community had a wider range in their responses.  

Local implementers and the international community had similar score distributions, 

which differed significantly from those of the community members. The differences in 

their perceived satisfaction perhaps reflect the varying levels of standards that each 

stakeholder group adheres to. 
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As previously explained in the methodology chapter, several strategies from grounded 

theory, as outlined in Corbin and Strauss (2015), were used to analyse the collected 

qualitative data. These strategies include questioning, making comparisons, and 

looking at language. In addition, the steps for thematic analysis, as described by Braun 

and Clarke (2006), were then used to code, explore patterns across categories and 

generate main themes. After repeated readings and summarising the findings, 

common themes were identified and supporting quotes were generated from the 

responses to open-ended questions in the survey, interview transcripts, field memos 

and other relevant literature.  

4.4.1 Key themes from the short responses and interviews  

 

Of the 36 implementers that completed the survey, 19 provided responses to the open-

ended item on the questionnaire: “Apart from the variables listed [above], are there 

any other factors that you can think of that should be taken into account? If yes, please 

specify and rate its degree of impact”. Responses ranged from one word to short 

paragraphs of four sentences. To generate key themes, the answer to this question was 

then added to other qualitative data from coded interview scripts and e-mail 

correspondence. In the case of the end users, none of the community members added 

any additional factors to the lists; however, the interviews with them added meanings 

and motivations behind their ratings in the surveys. Overall, analysis and findings 

suggested five core themes as well as two site-specific but equally important themes 

(Figure 4-6).
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Figure 4-5 Findings from the thematic analysis showing the five core themes (orange diagrams) and the site-specific themes (blue diagrams) 
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Just as for the quantitative analysis, one of the core themes that emerged from the 

implementers deals with the social aspect of MHP development. The theme was 

“understanding the village context is crucial to the success of MHP projects”. It 

included responses that described the significance of knowing how socially prepared a 

community is in undertaking and sustaining a development project. It also highlighted 

the importance of determining the various needs and priorities of a target community, 

its existing resources, cultural norms, and politics. Its distance to the water source, 

type of terrain and overall accessibility were likewise reported to determine the speed, 

ease, and cost of project implementation. 

Most implementers were quick to point out that assessing the existing conditions in 

the village allows them to identify whether a community requires substantial 

assistance or not. Some respondents stated that communities which possess some 

level of organisational capacity tend to adopt and utilise electricity in ways that are 

aligned with project goals, with little to no additional input from them. For example, 

it was reported that it was much easier to mobilise communities where a “people 

organisation” or a cooperative for agricultural endeavours was already in place 

compared with those that did not have any. One respondent also noted that the smaller 

the community, the easier it was to manage and mobilise, and thus the higher the 

tendency for the MHP to last longer. Last but not least, responses also included the 

importance of effective leaders and local champions in ensuring that objectives are 

met and that conflicts among members or with other villages (e.g., tribal wars) are 

properly addressed, should they arise. Other respondents also suggested the need for 

young adults and children to be more aware and informed about the importance and 

positive impacts of MHP, as it would let them see the value of sustaining the system.  
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Perhaps this theme is best explained by one of the local implementers: 

Each village is unique. Social norms vary from one community to the 

next. If you succeed in organising one village, don't expect that your 

method would succeed in another. The underlying principles of social 

preparation and organising remain the same, however: assess their 

needs, capabilities and willingness to undertake the project. Provide 

assistance where needed and design your project accordingly. (Engineer 

3, NGO 1) 

The second core theme that emerged from the short responses was “local capacities 

technological capabilities should be built and developed”. Comprehensive training for 

both local implementers and end users on all aspects of MHP development were 

considered essential in sustaining the MHP schemes. For example, implementers 

noted that overall costs can be greatly reduced if equipment is locally manufactured 

and standardised. With the availability of local manufacturers, proximity to technical 

providers in case of a major repair was also seen to be helpful as it reduces the waiting 

time for repairs to be addressed. 

 You know that we deal with remote villages where access is a problem. It is not 

easy for us to just go there and provide support. So, when there are major 

repairs, it takes so much time to procure critical parts as most of these are 

imported and thus subjected to customs and border laws which add another 

layer of bureaucratic delays. Having access to local technology and expertise not 

only saves costs, it also saves us a lot of time. (NGO2-1, Engineer). 
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One operator also lamented the fact that there are not many local machine shops that 

could help the community in times of need:  

One time the turbine broke down and we had to carry it down and transport it 

all the way to Bacolod (City)1. We waited for six months because they had to 

fabricate the broken buckets. It was just the second year of the MHP and not 

much had been saved for its maintenance. The following year, it was the pipe 

that burst and we had run out of money to fix it. (BAC1-Operator) 

  

In addition, “simplicity of the design” and “ease of operation” was considered vital in 

ensuring the success of MHP systems. Having local manufacturers also meant being 

able to customise designs to make equipment more appropriate to a target community: 

We now own a local machine shop and we make our own turbines and agri-

mills which we could design to suit the needs of the community. In my 

experience, it is much better to provide a less efficient system that is easy to 

operate and maintain than a system that has higher efficiency but could not be 

sustained by the community. (NGO1-3, Engineer)  

Another core theme that emerged from the responses was “a transparent and 

supportive institutional environment has an overarching role in ensuring the success 

and sustainability of MHP projects”. It included responses that emphasised the 

salience of creating supportive policies, effective implementation of existing ones, and 

the political will of public servants to effect change. In connection with the previous 

theme, a government that supports programmes of research and technology transfer, 

and where an efficient and effective intergovernmental coordination exists, will have 

                                                   
1 Bacolod City is about 150 km away from this MHP site. 
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a very high impact on MHP development. On the other hand, corruption and 

bureaucratic delays were listed as factors that contribute to failure. 

The fourth core theme that emerged was “the role and expertise of implementing 

agencies is important in MHP development”. It included responses that described the 

significance of these organisations’ ability and competence to carry out a responsive 

programme, their intermediary role between the community and other stakeholder 

groups and most importantly, the need for their continuous support for capacity 

building, post-installation services and monitoring. For example, technical assistance 

from an experienced advisor for major problems was considered helpful to the 

communities. On the other hand, some respondents suggested that the “lack of 

comprehensive feasibility studies and water resource assessment” often leads to a 

problematic MHP system. Moreover, a timely response to site-specific technical issues 

is also reported to be important as part of sustainable support. For example, in areas 

underlain by limestone, lime scaling was found to be detrimental to the overall 

efficiency of MHP systems, because the penstocks and head race become filled with 

deposits of calcium carbonate over time. According to a number of local implementers, 

this issue should be assessed in future feasibility studies.  

Having the capacity to conduct assessment and provide support is hampered by the 

limited human resources in local NGOs. With the small number of staff, technical 

competencies are usually confined to very few engineers:  

I think that one of the major reasons why (our) MHP projects fail is that we 

have run out of trained engineers. Most of them have left to become private 

contractors. Just recently, we decided that there is some restructuring needed 

in the organisation in terms of roles, transparency and accountability of our 
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staff.  Although there are jobseekers in the country, there is not enough pool of 

human resources who are willing to do NGO work. (NGO 2, H1) 

 

Finally, in terms of carrying out a responsive programme, the “lack of clear objective 

definition by implementing agencies and funding organisations” was said to negatively 

impact MHP schemes.  

The last core theme that emerged from the responses was “A successful system is one 

that is financially self-sustaining” and included responses about the significance of 

generating income through productive end uses, the need for a good business model, 

availability of micro-financing sources and the proper administration of tariff policies 

that take into account the community members’ capacity and willingness to pay. This 

is explained well by one government employee: 

Tariff should be set with due consideration to the capacity and willingness of a 

community to pay. If the village organisation could replace failed components 

at their own effort, then we can say that this organisation has the capacity to 

sustain the project. (GV-C1)  

As were most aid projects, the majority of MHP schemes in the Philippines were 

funded by donor organisations. As external grants become scarcer, one local 

implementer also reported how their post-installation services for the communities 

are heavily dependent on funding from an international NGO: 

If the funding from (name of an NGO in Germany) stops, I am 100% sure that 

we will have a hard time supporting any critical needs of the communities. For 

the same reason, we advocate for communities to utilise the electricity for more 
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productive end uses and income-generating schemes that could empower them 

to be self-sustaining. (NGO1-ED) 

One of the two site-specific themes that emerged was “the arrival of the national grid 

is either a threat or an opportunity to MHP development”. For some implementers, 

the grid was mostly seen as a threat to the MHP as several cases have been cited where 

end users shifted to the grid due to its better reliability, which leads to MHP projects 

being left unattended and eventually abandoned: 

In my experience, once available, people eventually transfer to the grid because 

of better quality and reliability. But I also think that, if the MHPs could be made 

more reliable, people would still prefer to connect to it because it is a lot more 

affordable. The challenge on our side then is to ensure that our [MHP] systems 

last longer. (NGO2-3, Engineer) 

On the other hand, most of the international implementers have suggested that with 

the right project design and business model, a micro-hydro scheme could be made 

profitable by supplying to the grid. The latter premise, however, requires an enabling 

environment where policies that specify commercial options are made available in 

service areas.  

The other important theme that emerged from the responses was “changing climate 

patterns negatively affect the MHP schemes” and included responses about how the 

increasing number of extreme weather events has affected the adequacy and reliability 

of energy supply from MHP schemes in recent years. The increasing frequency of 

strong typhoons that often trigger landslides and flooding has also been observed to 

directly impact on all stages of MHP development. Past experiences of local 

implementers revealed not only delays in installation, but also the direct destruction 
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of existing equipment, civil works, or both. These negative effects also translate to 

delays in developmental phases and expensive costs for rebuild:  

Typhoon Frank in 2008 resulted in flash floods, and triggered landslides which 

destroyed the newly built civil works and buried the powerhouse, eight metres 

deep. We had to ask for the help of the Finnish government for funding to 

rebuild. We also requested the help of the military to fly the turbine, generator 

and ELC as the roads were not passable. It took five years before the project was 

commissioned. (NGO3-ED) 

For the community members, problems in the supply of power are to be expected 

during the rainy season. Blackouts can range from several hours a day to weeks, 

depending on the size of a typhoon.  

During rainy season or if there is a typhoon, the canal and the weir are usually 

damaged sometimes through floods or landslides. In these times, community 

members are well aware that that there will be no electricity until everything 

has been cleaned and repaired. In most cases, the passages are blocked by 

branches of trees, boulders, leaves and other debris. We have to clean it up. 

(Community Leader, L2) 

Communities are particularly vulnerable to the natural hazards and those induced by 

climate change, as cost to life and property tends to be high. As with Maslow’s theory 

of motivation (1943), basic needs such as food and shelter are obviously prioritised 

over access to energy: 

These typhoons affect our harvests for the year and we would prioritise having 

food on the table and rebuilding our house rather than paying for power that is 

not very reliable during the rainy season anyway. But what we do is to help out 
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in cleaning the debris, provide service in whatever way we can and if the next 

harvest is better, we pay our debts. After all, we need the MHP to work for 

milling and for lighting. (BN-8) 

It was also reported that in areas that are prone to typhoons, most of the management 

committee eventually preferred makeshift, ingenious solutions, which were not 

necessarily geared to a long-term plan. These are clearly shown in the following 

quotations from respondents: 

Of course, we fix [the civil works] almost every rainy season and after 

every typhoon passes. In my experience, the community members are 

always willing to help out rather than wait for the arrival of construction 

materials as these need to be hauled up from the nearest town. Due to 

the frequency of the typhoons, we instead decided to repair the damaged 

portions of the canal and weir with earth materials rather than concrete. 

Maybe if transporting such materials is not that hard and does not take 

that long, it would be ideal to replace the broken weir with the proper 

materials. Unfortunately, that is not the case here—we don’t even have 

proper roads. (L4, Operator 1,)  

After Typhoon Pablo in 2012, a huge portion of the canal was destroyed. 

We have replaced it since then with wood. Even the powerhouse suffered 

from the typhoon. There is no roof and the walls have been broken down.  

We’ve put makeshift roofs and walls. There are also huge boulders that 

fell in the forebay tank. This has greatly reduced the amount of water 

that enters the penstock, but we don’t have the proper equipment to 

remove them. (M4, Operator) 
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Chapter 5. Success and Failure factors of MHP Schemes: 
Regional Differences in the Philippines 

 

 
 

The 13 MHP schemes in this study vary in size and design but share the common 

purpose of providing electricity to upland remote villages where connecting to the grid 

is otherwise cost-prohibitive. Existing differences among these MHP schemes are 

generally associated with the respective regions and site-specific characteristics of the 

communities where they are built. For this reason, this chapter will primarily look into 

how these differences shape the perceptions of the end users on what leads to the 

success and failure of MHP projects. Background information on the areas will be 

discussed, followed by the results from the quantitative and qualitative analysis. While 

results from carrying out descriptive statistics are presented for the quantitative 

portion of this chapter, participant and site observations along with the interviews and 

other secondary materials were used for the qualitative section. Where deemed 

appropriate, a case study approach was also used to explore specific cases within this 

study and from other studies. A summary of all the findings are presented at the end 

of this chapter. 

 
 

Out of the 13 villages with MHP schemes, four are located in Apayao in the northern 

Cordillera Autonomous Region in Luzon—the largest group of islands in the country. 

Four other communities can be found in Negros Island in Visayas (central 

Philippines), and five more are located in Mindanao at the southernmost part of the 

Philippines (four from Davao Region and one from South Cotabato). Site location 

maps from north to south of the country are shown in Figure 5.1. 



Factors that influence the success and failure of micro-hydropower (MHP) sites in disaster-prone areas: Insights from the Philippines 

 

 

74 
 

 

 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

  

A 

 

B 

 

C 

 

A

 

 

A

 

B 

A 

 

B 

 

C 

 

C

B 

C

Figure 5-1 Study Area. A.) MHP sites in Apayao, Luzon (L1 to L4) 

B.) MHP sites in Negros Island, Visayas (V1 to V4). C.) MHP sites 

in South Cotabato and Davao Region, Southern Mindanao (M1 to 

M5) 



Factors that influence the success and failure of micro-hydropower (MHP) sites in disaster-prone areas: Insights from the Philippines 

 

 

75 
 

 

5.2.1 Apayao, Luzon 

 

According to the Department of Energy, the majority of the MHP schemes in the 

Philippines can be found in the Cordillera Autonomous Region (CAR) in Luzon. In this 

study, four MHP schemes are located in Conner, Apayao—a town in CAR. Of the 13 

sites that were visited, these schemes were the least accessible.  

In terms of socioeconomic status, the town of Conner has a poverty incidence of 

56.3 %, indicating that about three out of five people live under the poverty threshold2 

(Philippine Statistics Authority [PSA], 2015). Typical of remote communities in the 

Philippines, farming is the main source of livelihood (Figure 5.2). 

Table 5-1 shows some of the characteristics of the four MHP schemes (L1 to L4) in 

Apayao, Luzon. Figure 5.2 shows the inside of the powerhouse in L1 and the cross-flow 

turbine inside. Cross-flow turbines are fairly common in MHP sites in the Philippines.  

They are also known to operate over a wide range of heads (Holland, 1983). Whereas 

the turbines in Apayao were all manufactured in the Philippines and installed by the 

same NGO, all the generators were imported either from China or Indonesia. Apart 

from L1, no MHP schemes in this region have electronic load controllers (ELC).  

  

                                                   
2 The annual per capita poverty threshold or the minimum income required to meet the basic food and 
non-food needs was estimated at P21, 753 (~435 USD). 
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Table 5-1 Characteristics of the MHP schemes in the province of Apayao, Luzon 
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Figure 5-2. A farming village powered by MHP (L1, Apayao). The 

energy is harnessed from the river on the right. 

Figure 5-3. Inside the powerhouse of L1, where the 

turbine, generator, ELC and heat sink are located. 

Figure 5-4. A locally manufactured cross-flow 

turbine. This type and size is common to the MHP 

sites in Apayao 
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5.2.2 Negros, Visayas 

 

Negros Island is the second-largest island in the Visayas. It has two provinces: Negros 

Occidental to the north-west, and Negros Oriental to the south-east. The four schemes 

in this study are located in Negros Occidental. Three of these schemes (V1, V3 and V4) 

were all part of the same project, which was funded by the Japan Fund for Poverty 

Reduction with technical assistance from ADB. Two of these schemes use a cross-flow 

turbine while the other (V1) has a Pelton turbine, which is typically used for areas with 

high head. All of the electromechanical equipment for these three MHP schemes is 

imported from Indonesia. In contrast to these three, V2 is a scheme that was privately 

funded by a former mayor of the town where it is located, and was powered by a 

waterwheel that operated for five years. Compared with Conner, Apayao, the towns 

visited in Negros have lower poverty incidences, ranging from 29.6 % to 33.0 % (PSA, 

2015).  

 

Table 5-2. Characteristics of the MHP schemes in Negros, Visayas 
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Figure 5-6. Water wheel used in V2 Figure 5-7. Cross-flow turbine in V4 

Figure 5-5. Forebay and penstock in V4 

Figure 5-8. A Pelton turbine in a non-operational MHP (V1) 
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5.2.3 South Cotabato and Davao Region, Mindanao 

 

Mindanao is the second-largest island group in the Philippines. The five schemes 

visited for this study are distributed in the southern portion of Mindanao. Whereas M1 

is located in South Cotabato, M2 to M5 are distributed in two provinces of Davao 

Region (Davao Oriental and Davao del Sur). The poverty incidences of the towns for 

these MHP sites vary widely, ranging from as low as 7.5 % (towns near the city) to as 

high as 73.8 % (PSA, 2015).  

Most of the electromechanical components of the schemes in Mindanao were imported 

from Indonesia. As shown in Table 5-3, four out of five schemes were equipped with 

cross-flow turbines. With the exception of M5, all of the sites that were visited in 

Mindanao were installed by NGO2. M5 is a pilot case in the country and was funded 

by ADB. It is the first scheme that was designed to either feed surplus power to the 

grid or run as an isolated system.  

  

Table 5-3. Characteristics of the MHP schemes in southern Mindanao 
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Figure 5-11. Inside the powerhouse of M1.  

Figure 5-9. Inside the powerhouse of M2. 

Figure 5-10. (Top) Powerhouse of M5. The first MHP 

in the Philippines that was designed to be able to 

supply to the grid or run isolated. 
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5.2.4 Vulnerability to natural hazards 

 

While the Philippines is ranked as the third most disaster-prone country in the world, 

the level of vulnerability of the 13 MHP schemes varies from one region to the next, 

with some being more exposed to hazards than others. In this study, special attention 

is given to tropical cyclones3. As discussed previously, tropical cyclones commonly lead 

to flooding, often trigger landslides4, and have been reported to bring significant 

damage to MHP schemes in the Philippines (Lopez et al., 2007).  

In 2015, the Philippine Atmospheric Geophysical and Astronomical Services 

Administration (PAGASA) observed that the country has been experiencing more 

extremely damaging tropical cyclones in recent years, and they proceeded to update 

their classification system for tropical cyclones. In terms of intensity, PAGASA now 

classifies tropical cyclones into five categories according to their wind speeds as shown 

in Table 5-4: 

Table 5-4.Philippine Tropical Cyclone Classification System (PAGASA, 2015) 

 

To get an idea of how exposed the communities are to tropical cyclones, historical data 

of typhoons were collected from PAGASA, and are shown in Figures 5-12 to 5-14. 

 

                                                   
3 Tropical cyclones are atmospheric low-pressure systems generated in the tropical and subtropical 
regions. Their range is between north of the equator and west of 180°E. 
4 Landslide hazard maps are shown in Appendix B 

Category Maximum Wind Speed (km/hr)

Super Typhoon >220 

Typhoon 118 to 220

Severe Tropical Storm 89 to 117

Tropical Storm 62 to 88

Tropical Depression 61
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Figure 5-12 Tracks of Tropical Cyclones that crossed Apayao from 1948 to 1950 (PAGASA, 2016) 

Figure 5-13. Tracks of Tropical Cyclones that crossed Negros Occidental from 1948 to 1950 

(PAGASA, 2016) 
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Figure 5-14. Tracks of Tropical Cyclones that crossed selected provinces 

in Mindanao from 1948 to 1950 (PAGASA, 2016). Clockwise from A. 

South Cotabato B. Davao del Sur. C. Davao Oriental 

A B 

C 
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Data reveals that from 1948 to 2015, Apayao and Negros experienced many tropical 

cyclones (n = 57, and n = 44, respectively), unlike Mindanao which had very few. 

Throughout the same period, recorded cases of cyclones that crossed the selected 

provinces in Mindanao range from zero (South Cotabato) to a maximum of five 

cyclones (Davao Oriental). 

Whereas the majority of tropical cyclones tend to cross Apayao from July to 

November, most of the tropical cyclones in Negros were recorded between November 

and December. Data also reveal that, except for the month of September, at least one 

cyclone crossed Negros every month. In terms of intensity, however, most of the 

tropical cyclones that crossed Apayao were stronger and were classified under 

Typhoon (red arrows), while cyclones under the Tropical Storm category (blue arrows) 

were more common in Negros. In the case of Mindanao, tropical cyclones were either 

under the Typhoon or the Tropical Depression categories (green arrows). For more 

details, see Appendix C. 
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In this section, the responses from the end users of the 13 MHP schemes were grouped 

according to their geographical location as follows: Apayao, Negros Island, and 

Mindanao. In a method similar to that used in Chapter 4, ranking per region was 

determined using median-IQR scores; however, due to the small sample sizes of each 

group, analysis in this chapter is generally descriptive. 

To determine how the top success and failure factors varied across regions, individual 

rankings given by the regional groups were analysed, and any commonalities or 

differences in their top three factors were determined. If a given factor was ranked 

within the top three in at least two regions, then that factor was considered a top factor. 

How the top factor was ranked within a group was then compared with other groups. 

Moreover, box plots were used to graphically present the data distribution of factors 

of interest.  

As shown in Table 5-4, the variables in the success factor list furnished by all the 

groups have overall median values ranging from 1.00 to 5.00 and IQR values ranging 

from 0.00 to 2.00. In the case of the failure factors, Table 5-5 shows that the overall 

median values from the community members across the regions range from 1.00 to 

5.00, whereas the IQR values range from 0.00 to 3.00. While these values indicate 

that the ratings across regions for both lists vary widely across the five-point scale, the 

range of IQR values for the failure factors suggest a larger spread. 
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Table 5-5 Median-IQR score ranking of success factors per region. 

 

 

Table 5-6 Median-IQR score ranking of all variables under the failure factor list 

 

 Notes: For median scores: 1 = no impact to 5 = very high impact 

For IQR scores: the higher the number, the higher the statistical dispersion (e.g., 
0= no dispersion, no dissonance in opinion) 

 

Median IQR Rank Median IQR Rank Median IQR Rank

Community participation and sense of 

ownership 5.00 0.00 1 5.00 0.00 1 5.00 0.00 1

Existence of an effective management committee 4.00 2.00 5 4.00 1.00 5 5.00 1.00 3

Gender empowerment 4.00 1.00 4 5.00 1.00 4 5.00 1.00 3

Availability of funding for maintenance and 

repair 5.00 1.00 2 5.00 0.25 2 5.00 0.25 2

Suitability and appropriateness of technical and 

engineering design 5.00 1.00 2 5.00 0.00 1 5.00 0.00 1

Awareness raising regarding microhydropower 
2.00 1.00 7 3.00 1.00 7 2.00 1.00 8

Proper tariff setting and administration
5.00 1.00 2 5.00 0.25 2 5.00 0.25 2

Amount of experience and level of expertise of 

implementing agencies 4.00 1.00 4 4.00 1.00 5 4.00 1.00 6

Cultural awareness and sensitivity of implementing 

agencies 1.00 1.00 8 1.00 0.00 8 1.00 0.00 9

Involvement of an independent evaluator for 

monitoring 2.00 0.00 6 3.00 1.00 7 3.00 1.00 7

Proper training for the operator(s)
5.00 1.00 2 5.00 0.00 1 5.00 0.00 1

Availability of income generation and productive end-

uses of electricity ( e.g., agri-mill, home business) 4.00 1.00 4 4.00 2.00 6 5.00 2.00 4

Availability of failure/problem reporting 

mechanism and follow-through services 5.00 1.00 2 5.00 0.00 1 5.00 0.00 1

Availability of training for financial management
4.50 1.00 3 5.00 0.50 3 4.00 0.50 5

Availability of perennial  source of water/ 

continuous water supply 5.00 0.00 1 5.00 0.00 1 5.00 0.00 1

Inclusion of watershed management programs 

in overall sustainability plans 5.00 1.00 2 5.00 1.00 4 5.00 1.00 3

Variables for Success
Apayao 

 (N=17 )

Negros 

(N=10 )

Mindanao

(N=15)

Median IQR Rank Median IQR Rank Median IQR Rank

Village politics/ Differences among people 3.00 1.00 4 3.50 1.00 6 5.00 1.00 2

Dispute over water allocation (e.g., allocation of water 

for farming vs energy production) 1.00 0.00 7 1.00 2.50 8 5.00 2.00 3

Natural disasters (e.g., floods, landslides) 5.00 0.00 1 5.00 0.00 1 5.00 2.00 3

Extreme seasonal changes (too little or too much 

water depending on season) 5.00 2.00 3 4.50 2.00 4 5.00 1.00 2

Problems with land owner where the scheme is installed 1.00 0.00 7 1.00 3.00 9 1.00 0.00 7

Excessive power consumption 2.00 1.00 6 3.50 1.25 6 3.00 1.00 5

Lack of proper community consultation 5.00 1.00 2 5.00 0.25 2 5.00 1.00 2

Lack of government policies that support the 

development and sustainability of MHP schemes 3.00 1.00 4 3.50 1.00 6 4.00 1.00 4

Problems in tariff collection and fund management 5.00 0.00 1 5.00 0.00 1 5.00 0.00 1

Lack of technical capacity of operators 5.00 0.00 1 5.00 1.00 3 5.00 0.00 1

Lack of succession planning for when the operator 

leaves or change jobs 3.00 1.00 4 4.00 1.00 5 3.00 2.00 6

Lack of proper and regular maintenance of 

equipment and civil works 5.00 0.00 1 5.00 0.00 1 5.00 0.00 1

Ease of access to alternative energy sources (e.g., grid, 

diesel generator sets,) 2.00 0.00 5 2.00 0.50 7 5.00 0.00 1

Variables for Failure

Apayao 

 (N=17)

Negros 

(N=10)

Mindanao

(N=15)

Legend

Top 3 of each group

Selected in the 'top 3' by two or more groups
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5.3.1 Regional differences towards success factors 

 

Table 5-5 reveals that there are nine success factors that were similarly considered by 

at least two regions as very important. Among them, “community participation & sense 

of ownership” and “availability of perennial water source” garnered the highest 

median values and the lowest IQR scores (medianAll = 5.00, IQRAll = 0.00), and were 

thus ranked first in all three regions. Results likewise show that whereas “suitability 

and appropriateness of technical design”, “proper training for the operators” and 

“availability of failure reporting mechanisms & follow-through services” were ranked 

first in both Negros and Mindanao (median = 5.00, IQR = 0.00), they were only 

ranked second in Apayao due to higher IQR values, suggesting dissonance in opinion 

within the group (IQR = 1.00). Factors related to funds, such as “availability of funding 

for repair” and “proper tariff setting” were both ranked second by all three regions.  

For the rest of the other identified top factors, differences in ranking were found to 

exist between groups. For example, “availability for training on financial 

management” is only a common top factor for Apayao and Negros. Similarly, 

“inclusion of watershed management in sustainability plans” is a common top factor 

only for Apayao and Mindanao. Interestingly, two other factors, namely “gender 

empowerment” and “existence of effective management committee”, were ranked 

considerably high within Mindanao but not as much in the other two regions. 
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5.3.2 Regional differences towards failure factors 

 

In terms of the ranking of the variables under the failure factor list, Table 5-6 reveals 

that “problems in tariff collection and fund management” and “lack of proper and 

regular maintenance” were considered by all regions to be the greatest determinants 

of failure (medianAll = 5.00, IQRAll = 0.00). A closer inspection of the individual 

rankings shows that while all regions considered “natural disasters” and “lack of 

technical capacity of operators” to have a very high impact, their IQR values were 

different across groups. Whereas “natural disasters” was ranked first in Apayao and 

Negros (median = 5.00, IQR = 0.00), it was only ranked third in Mindanao due to its 

high IQR value (IQR = 2.00). Evidently, there exists a considerable dissonance in 

opinion among the respondents from Mindanao towards the degree of impact of 

“natural disasters”. In the same vein, “lack of technical capacity of operators” was 

ranked first in Apayao and Mindanao but was only ranked third in Negros (IQR=1.00). 

Figure 5-15 further illustrates the difference in the distribution of responses to these 

last two factors.  

 

Figure 5-15 Box plots showing the perceived degree of impact of "natural disasters" and “lack of 

capacity of technical operators” on MHP schemes across the three regions.  Note: Median (thick 

black line); Extreme values (*) 
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In contrast, ranking was unanimous for “lack of proper community consultation”, 

which occupied second place across all regions. The last common top factor is “extreme 

seasonal changes”. Its median value in Negros (median = 4.50) was a bit lower than 

that of Apayao and Mindanao. As shown in Figure 5-16, a wider variation in the 

responses also exists within Apayao and Negros (IQR values = 2.00) compared with 

that of Mindanao (IQR = 1.00); hence, it was ranked second in Mindanao, third in 

Apayao and only fourth in Negros. 

 

 

 

 

 

 

 

 

Table 5-6 also reveals three failure factors that were exclusively identified to have 

considerable impact in the MHP schemes in Mindanao: “village politics”, “dispute over 

water allocation” and “ease of access to alternative energy resources”. Figure 5.18 

shows the box plots for these factors and the differences between regions in the 

perceived degree of impacts.   

P
e
rc

e
iv

e
d

 D
e
g

re
e
 o

f 
Im

p
a

c
t 

Figure 5-16  Box plots for the perceived degree of impact of "extreme seasonal 

changes" on MHP schemes across regions 
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While respondents from Mindanao considered “village politics” to have ‘very high 

impact’ (median = 5.00), respondents from both Apayao and Negros only rated it 

average, giving it median values of 3.00 and 3.50, respectively. Similarly, the ratings 

from Mindanao for the other two factors were markedly higher than in the other two 

regions. Whereas the responses from Mindanao were very high for “dispute over water 

allocation” and “ease of access to alternative energy resources” (median values = 5.00), 

the respondents from Apayao and Negros considered these two factors to have nil 

(median = 1.00) and low impact (median = 2.00).  

 

 

Figure 5-17  Box plots for the perceived degree of impact of "village politics", "dispute over water 

allocation" and ease of access to alternative energy resources" on MHP schemes across regions. 
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Table 5-7 Summary of field data gathered from July 2016 to September 2016 
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To better understand the status of the MHP schemes in the Philippines and to learn 

more about the different issues that have been encountered by the communities since 

the installation of the 13 MHP schemes, site visits were conducted from June 2016 to 

September 2016. Table 5-7 shows a summary of some of the important findings from 

the field research. The information gathered in this table were culled from two field 

notebooks, which were filled with diagrams, memos and analytic notes that were jotted 

down during the entire fieldwork. Qualitative data include site and participant 

observations, and from the information provided by the interviewees and key 

informants.  

5.4.1 General observations  

 

Comparing the schemes in Table 5-7 shows that those installed in Apayao have lower 

power capacities, ranging from 5 kW to 15 kW, than those in Negros and Mindanao, 

whose capacities range from 7 kW to 32kW and 10kW to 35kW respectively. The ages 

of the MHP schemes also vary widely across regions. Whereas the age of the Apayao 

schemes range from seven to 14 years old, those in Negros were installed only within 

the last seven years. On the other hand, the MHP schemes in Mindanao are mixed 

between new and old systems.  

The communities in Apayao have also set a significantly lower level of base tariffs for 

its members, with a monthly average of half a US dollar5. In contrast, the average levels 

of base tariffs in Negros and Mindanao are almost three times as much as those of 

Apayao. On top of the base tariff, there is also a vast difference in the amount that 

                                                   
5PhP=Philippine Peso; $US= US Dollar.  
The conversion rate is at 1 PhP=0.020 $US (September 2017) 
 



Factors that influence the success and failure of micro-hydropower (MHP) sites in disaster-prone areas: Insights from the Philippines 

 

 

93 
 

people in communities are willing to pay for electricity: from as low as a monthly 

average of PhP 20 ($US 0.40) in Apayao to as high as PhP 2100 ($US 42) in some 

areas in Mindanao and Negros, particularly during summer when demands for cold 

drinks and electric fans are high. This finding is expected particularly because in terms 

of socioeconomic status, Apayao is among the provinces that have the highest poverty 

incidence rates and the sites visited in this province were the most remote of the three 

areas such that public services are extremely limited and access to other resources are 

more challenging.  

Within the four sites in Apayao, there is not much heterogeneity in socioeconomic 

status between community members. In contrast, the sites in Negros and Mindanao 

show a wider variation in socioeconomic status between households. In particular, 

within the communities of V3, V4 and M1, there were households that were clearly 

earning more, as evidenced by the number and the kind of appliances they keep (e.g., 

washing machine, coloured TV sets, refrigerators). It was also common to see that 

these same households have their own home businesses, like mini-grocery stores. 

With the exception of one village, all the schemes visited in Apayao have no meters or 

electronic load controllers (ELC), making the load management largely dependent on 

the operators, the discipline of the power consumers, and the overall implementation 

of rules and penalty schemes that the communities have set.  

Overall, despite the lower installed capacities, the age of the equipment, and the 

socioeconomic status of the communities in Apayao, most of the MHP schemes in 

Apayao are still fully operational. Meanwhile, the communities in Negros and 

Mindanao were observed to struggle in maintaining their MHP schemes, particularly 

when faced with the option to transfer to the grid. 
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5.4.2 Reasons for abandoning MHP schemes  

 

Connecting to the national grid seems to have become a better option for the 

communities in Mindanao in the long run. However, interview data reveal that people 

do not automatically shift to the grid but eventually do so due to its perceived superior 

quality and reliability. Nevertheless, although the grid has arrived in some areas, a few 

schemes in Mindanao are still being used by people who struggle to pay the prices for 

the grid. Sustaining these systems proves to be challenging primarily because fewer 

end users also means reduced funds for operations and maintenance. 

As for the schemes in Negros, the reasons why two out of the four schemes are non-

operational are fairly mixed. One was primarily attributed to unsuitable technical and 

engineering design coupled with the lack of follow-up support from implementing 

agencies and the other was mainly due to the arrival of the grid. 

Interviews with the communities in Apayao reveal that they still prefer to connect to 

the MHP rather than the grid primarily due to its affordability and secondly due to the 

empowerment that it provides for the people. According to them, despite knowing that 

once you connect to the grid, operations and maintenance will be shouldered by the 

electric company, having their own source of electricity empowers them to decide and 

have a say on any changes in the rules and in the fees. Furthermore, connecting to the 

grid also meant forfeiting that right to be heard as changes are primarily up to the 

electric company which rarely considers the opinion of its consumers.  

While concerns on typhoons and related hazards such as landslides and flooding are 

common to all communities from Apayao to Mindanao, power outages due to flooding 

were expectedly higher in Apayao and Negros than in Mindanao. Nevertheless, this 

study reveals that even the MHP schemes in Mindanao are not exempt from natural 
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disasters brought by tropical cyclones. In 2012, a scheme in Mindanao was heavily 

damaged by Typhoon Pablo (Figure 5-18). While it is rare for tropical cyclones to cross 

the provinces in Mindanao, future projections show an increase in these occurrences.  

It was also found that many of the MHP schemes in Mindanao have limestone as its 

reservoir rock and thus have had problems with lime scaling (Figure 5-20). While this 

process of calcification in the walls of the canals and the insides of penstocks is gradual, 

it has negatively affected the quality and reliability of the electricity from the schemes.  

With the quality of electricity becoming poorer over time, connecting to the grid 

became more reasonable and MHP schemes were eventually abandoned. 
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Typhoon Pablo (2012) 

  

Typhoon Frank (2008) 

 

 

Figure 5-19 MHP in Panay Island, Visayas. Typhoon Frank in 2008 washed away the civil works and buried the newly built power house. The NGO required the military to transport the electro-mechanical 

equipment to the site as roads were impassable (Photos from PEI, 2016) 

Figure 5-18. Photos of one MHP whose powerhouse and civil works were damaged by Typhoon Pablo in 2012. Broken portions of the headrace were then replaced by wood. (Source: author own photos) 
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Figure 5-20. Lime scaling in MHP schemes in Mindanao. 
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Chapter 6. Discussion and Conclusions 

 

 
 

In this chapter, the statistical results and the thematic findings presented in Chapters 

4 and 5 will be critically examined in light of what is known in the literature. Hence 

this chapter will address the aim of the study, which was to identify the determinants 

of success and failure of micro-hydropower schemes in a disaster-prone context. In 

order to explore these factors and the current status of MHP schemes in the 

Philippines, the following questions were used to guide this research: 

1. What are the key factors that contribute to the success and failure of micro-

hydropower schemes in rural villages and which among them resonate more 

than others? 

2. How do perceptions on these factors and level of satisfaction towards MHP 

schemes vary across stakeholder groups? 

3. How do these perceptions vary across the main island groups of the Philippines 

and to what extent do natural hazards and climate change impact on MHP 

schemes in the country? 

This chapter is organised according to the abovementioned questions and will 

conclude by bringing key discussions together: the prevailing factors that determine 

the success or failure of MHP schemes, the differences in perceptions across 

stakeholder groups and across the main island groups in the country, and the 

implications of these findings for existing and future MHP projects in other disaster-

prone areas. 
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Comparing the results of the quantitative data and the findings from the qualitative 

data shows several similarities but also some differences. While the quantitative data 

identified the relative ranking of factors within and between groups, the nuances 

provided by the qualitative data helped in understanding more about the meaning and 

motivations behind many of the responses in the survey. While many of the findings 

in this study are in alignment with previous studies, a few points that are in conflict 

were also found and are raised in this section. 

To answer the first research question on which factors influence the success or failure 

of MHP schemes and which among them resonate more than others, Table 6-1 shows 

the key factors that were identified from the statistical analysis of the survey data in 

this study. 

Table 6-1. Key factors that influence the success and failure of MHP schemes and their 

relative ranking (in descending order) 

TOP SUCCESS FACTORS TOP FAILURE VARIABLES 

1. Community participation and sense of 
ownership 

1. Lack of proper and regular maintenance 
of equipment and civil works 

2. Suitability and appropriateness of 
technical and engineering design 

2. Problems in tariff collection and fund 
management 

3. Existence of an effective management 
committee (tied with item no.2) 

3. Natural disasters (e.g., floods, landslides) 

4. Availability of funding for repair and 
maintenance 

4. Lack of technical capacity of operators 

5. Availability of perennial source of water/ 
continuous water supply 

5. Lack of proper community consultation 

6. Proper training for the operator(s) 6. Extreme seasonal changes (too little or 
too much water depending on season) 

7. Availability of failure/problem reporting 
mechanism & follow-through services 

7. Village politics/ Differences among 
people 

 
8. Ease of access to alternative energy 
resources (e.g., grid, diesel generator sets) 
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As can be seen from Table 6-1, social, technical and financial factors dominate the list 

of key factors that influence the success or failure of MHP schemes. On the other hand, 

the responses on the open-ended question on additional factors suggest that the 

“building of local capacity and technological capabilities” was equally found to be very 

important in ensuring the sustainability of MHP schemes. Empirical evidence also 

reveals that external factors, specifically natural hazards and the arrival of the grid are 

the most common reasons why communities eventually abandon the schemes: either 

they have run out of funds to repair them post-disaster or the benefits from the grid, 

albeit more expensive, outweigh the quality and reliability of the power from MHP 

schemes. These overall findings are consistent with the general conclusions by Maier 

(2007) and Kabalan et al., (2014) and are backed up by the cases investigated by Lopez 

et al. (2007).  

 

6.2.1 Social factors 

 

One of the main findings of this study is that understanding the village context is 

crucial for the success of MHP projects. The quantitative data showed that among all 

the listed success factors, “community participation and sense of ownership” was 

considered to be the greatest determinant of success. The communities’ level of 

commitment and the kind of leadership they have were likewise frequently mentioned 

in the interview data, highlighting their importance. This finding lends further support 

to many studies such as those by Smith (1994), Sovacool (2013), Ete and Prochaska 

(2009), Holland (2003), Yadoo et al., (2012) and Barry et al., (2011) among others. 

Moreover, for a project to be successful, it must be designed according to the existing 

resources, specific needs and the level of social preparedness (i.e., organisational 
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capacity, level of awareness, resilience, etc.) of a target community. It was emphasised 

that communities that have a higher level of social preparedness are generally more 

open to the challenges and the responsibilities that come along with MHP schemes 

and thus tend to have more effective management committees. 

 Similar to the findings of Lopez et al., (2007), this study likewise concludes that for 

MHP projects, the process of socially preparing a community prior to project 

implementation is essential to the success of the project. However, this study further 

posits that continuous development and capacity building is needed years after the 

MHP scheme is installed especially in disaster-prone areas.   

6.2.2 Technical factors  

 

As with all studies on renewable energy technologies, a sustainable MHP project 

should be properly designed and installed according to the needs and capacities of 

communities and it should be properly and regularly maintained. The ease 

of operation and maintenance of a micro-hydro is central to its sustainability and must 

be given careful consideration in design. Unsurprisingly, “suitability and 

appropriateness of technical and engineering design” was considered as the second 

most important success variable in the survey.  

From the qualitative data, the standardisation of equipment and designs was 

considered to have many benefits because repetitive construction of the same item 

improves quality and limiting the range of spare parts increases the quantity of each 

item that is required and this encourages local manufacture, which then reduces 

investment costs. Moreover, standardisation also reduces the number of skills 

required to install and maintain the piece of equipment, thus increasing the 

probability of local people being able to carry out the work. 
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Whereas the general idea of lowering the investment costs through standardisation 

and appropriate technology is promoted by many studies (see Barry et al., 2011, 

Sovacool, 2013, Meier (1981)),  Kaunda et al., (2014) and Kabalan et al., (2014) warn 

that this should not compromise the reliability of the system, because a less reliable 

system could result in poorer quality of electricity, higher maintenance costs and, at 

worst, the reduction of end users’ confidence in the technology.  

This study also reveals that similar to the findings of Murni et al. (2013), the lack of 

proper water resources assessment due to the lack of hydrological data affect 

negatively on how well a system can be designed. With micro-hydropower schemes 

being susceptible to changes to droughts, future research should look into bridging 

this gap.  

Other gaps found in this study also suggest that feasibility studies should include not 

only the hydrological but also the geological and geotechnical characteristics of the 

sites where the MHP systems will be built. Given the increasing occurrences of 

destructive typhoons and landslides in the upland areas, such assessments prove to be 

essential. Knowing what type of lithology is the reservoir rock (e.g., whether it is 

limestone or sandstone) could also determine whether the MHP scheme is prone to 

scaling such as in those cases in Mindanao. The examples of some of the sites in this 

study provided valuable lessons in technical design which should be the focus of efforts 

in the future.  

6.2.3 Financial factors 

 

Micro-hydro projects typically receive funding only for implementation. Once 

commissioned, projects must sustain themselves financially.  Without a strong 

financial base, the end-users cannot support technical maintenance and repairs. Most 
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projects have weak financial bases due to poor utilisation of electricity, as the main 

load is only consumptive (e.g., lighting). Furthermore, as shown in the statistical 

results, “problems in tariff collection and fund management” is considered as the 

second greatest determinant of MHP failure. For the same reasons, Smith (1994) 

concluded that implementing agencies and donor organisations should concentrate on 

villages that are developing economically. He further argued that focusing on 

economically disadvantaged villages stifles MHP programmes as electricity will 

understandably be given low priority and little money will be left to repay loans or fund 

the scheme’s maintenance. However, some cases in this study suggest otherwise. Even 

though the socioeconomic status of the communities visited in Apayao is low, they 

have been sustaining their MHP schemes for 7 to 14 years to date. While communities 

understandably prioritise basic requirements of food, shelter and clothing, 

particularly post-disaster, they also recognise the importance of sustaining MHP 

projects because they bring benefits such as improvements in education, livelihood 

and overall comfort and well-being as presented in Chapter 4. 

Evidently, rather than dismissing communities with low incomes and purchasing 

capacities as potential future owners of MHP schemes, improving their financial bases 

through productive uses should be included in the project design right from the start.  

Identified examples of these are agricultural processing, water pumping for irrigation, 

mechanized tilling and small enterprises. Nevertheless, complementary training and 

financial support to acquire the equipment are needed in these income-generating 

activities. Similar to the conclusions from World Bank (2017), this study recognises 

that having these productive end-uses can lead to transformative and sustainable 

energy access. 
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6.2.4 Interrelatedness of Factors 

 

 It is important to recognise that the success and failure variables investigated in this 

study are interrelated to some extent. For example, even if electricity-based income-

generating activities are known to improve the financial base of MHP schemes, they 

require the building of entrepreneurial and technical skills at the local level, which is 

ultimately influenced by the social capital of the communities and the level of 

institutional support and competencies of implementing agencies to create responsive 

programmes.  In addition, the “lack of proper and regular maintenance” and the 

“problems of tariff collection and fund management” being the greatest contributors 

to failure, are not entirely technical or financial, as they could be attributable to 

information deficit or barriers in social norms as well. In the broader field of 

behavioural science, these two failure variables can easily fall under “value-action 

gaps”, where, despite the alignment in agreement about what must happen, action 

towards certain tasks rarely comes to fruition. Hirmer and Cruickshank (2014) further 

concludes that there is a need for a more holistic value framework because the 

sustainability of rural electrification projects is ultimately linked to user-perceived 

values as these determine what motivates communities to ensure the longevity of 

development projects. 

Furthermore, in answering why many aid projects fail, Gibson, Andersson, Ostrom, 

and Shivakumar (2005) observed that problems related to motivation and information 

across stakeholders were found to greatly contribute to project failure. In line with 

this, the following sections will discuss the similarities and differences in the 

perspectives of the respondents to understand the main asymmetries found in this 

study and their potential implications on MHP development. 
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The opinion and perspectives of stakeholders largely contribute to the trajectory of a 

given project. While perceptions are subjective and could sometimes be an incomplete 

or distorted representation of reality, they are the very basis upon which stakeholders 

make their decisions (Diallo & Thuillier, 2004). In this study, factors that contribute 

to the success or failure of MHP schemes were identified and analysed based on the 

perceptions of three different stakeholder groups: community members, local 

implementers, and the international community.  

6.3.1 On success and failure variables  

 

It was found that while there is a strong consensus in the opinions of local and 

international implementers, there are significant differences in the perceptions of the 

international community and the community members. This finding may mean that, 

although well intentioned, the international community may not have a full grasp of 

the local context.  

In a study by Sovacool and Drupady (2012), they likewise advised against relying too 

much on foreign experts. This finding is also aligned with a recommendation by an 

international consultancy group that implemented the recent installation of an MHP 

project in Mindanao. In a final report submitted to ADB and the NEA, Ludwig (2015) 

stated that one of the lessons his team learned after doing the project is that organising 

a community requires the involvement of local organisations because they are more 

familiar with the language and culture of the target communities. They even suggested 

that because indigenous groups are not easy to organise, building trust and rapport 

was made easier through the help of both local NGOs and local government units. The 

interview data is aligned with this intermediary and facilitative role of local NGOs and 
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likewise corroborates the findings by Barnett and Khennas (2000) and Lopez et al. 

(2007). The statistical analysis also supports this—because there are no significant 

differences in the perceptions of the local implementers and the international 

community, nor between them and the community members, the local NGOs can 

indeed serve as an effective intermediator between the local community and the 

international organisations. 

 

6.3.2 On the level of satisfaction towards MHP schemes 

 

When comparing the perceived degree of satisfaction towards MHP projects, 

statistical results revealed that there is a significant difference in the responses 

between the project implementers (both local and international) and the project end-

users suggesting that the levels of standards and expectations on the outcomes of MHP 

schemes vary across groups. 

As complemented by the interview data, many of the community members consider 

MHP schemes as something that they should be grateful for regardless if the schemes 

performed well or not. This overall theme of “having poor electricity is better than 

none” is also aligned with the studies of MHP schemes by Kabalan et al., (2014) in 

Ifugao, Philippines and by Greacen (2004) in Thailand as follows: 

Despite all the hard work and costs given by the community, the community 

would recommend this system to another un-electrified village since having 

poor quality electricity is better than none (Kabalan et al., 2014, p. 2). 

It is clear that many villages “muddle through” with frustrating blackouts and 

brownouts, broken appliances from voltage extremes, and long waits to fix 



Factors that influence the success and failure of micro-hydropower (MHP) sites in disaster-prone areas: Insights from the Philippines 

 

 

107 
 

village micro-hydro generators – though they also remain proud of “their power 

plant” and a “majority still have a positive view of community micro-hydro 

(even intermittent electricity is better than none)” (Greacen, 2004, p. 178). 

 

On the other hand, the qualitative data from the implementers suggest that they 

recognise the need to improve the performance of their projects and increase its 

utilisation rate: 

In my opinion, our projects run very well on an average of four to five years. I 

notice, however, that performance tends to decrease on the 6th year and if left 

unattended, ends up to a complete system failure. While some of the MHP 

schemes that we installed were used for over 15 years, this is more of an 

exception rather the rule.  So, for me, I think there are still a lot of room for 

improvement especially on making these systems more reliable and sustainable 

so that they can be maximised to its full potential (NGO2-ED).  

 

Overall, the differences in the perceptions across stakeholders reflect the diverse levels 

of awareness, motivation and expectations among groups. Notably, it can be argued 

that while many community members perceive MHP projects as ‘gifts’ provided to 

them, many of the implementers recognise the need to have a paradigm shift from the 

“donor-support” mindset of the 1970s and 1980s to the “sustainable approach” of mid-

2000s (Sovacool, Bazilian, & Toman, 2016). To ensure the sustainability of MHP 

projects, becoming more aware of the supposed outcomes of MHP projects and of the 

need for shared responsibilities across stakeholders would perhaps reduce the 

asymmetry in motivation and information that were observed in this study. 
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Nuances in priorities, felt needs and human capacities vary from one village to the next 

and more so from one region to another. For example, whereas the MHP schemes in 

Apayao and Negros are more vulnerable to natural hazards, the schemes in Mindanao 

suffer primarily from abandonment following the arrival of the grid. 

The MHP cases in Mindanao also have other issues such as drought, dispute over water 

allocation (drinking water vs. water for energy) and even technical issues such as lime 

scaling in areas underlain by limestone. In addition, some regions in Mindanao have 

been known to have a long history of conflict, with armed groups including Muslim 

separatists, communists, and clan militias all active in the area. With the diversity in 

enthno-linguistic and religious affiliations in the communities visited in Mindanao, it 

was not surprising that they provided higher ratings for failure variables that involved 

politics and disputes. Their interview data also reveals that community members in 

Mindanao are presumed to be more familiar with how any political instability, be it 

local or regional, impacts the communities and development projects. This is not to 

say that conflicts do not occur in other island-groups in the Philippines. In fact, Apayao 

is located in a region where tribal wars exist. The data from the project implementers 

also mentioned this, but might not have been reflected in the statistical results as the 

four communities sampled in Apayao belong to the same indigenous group.  

In contrast to Mindanao and Apayao, the communities in Negros were not identified 

to belong to any specific indigenous group but the increasing number of households 

located in farther areas wanting to connect to some MHP schemes was feared to cause 

serious issues in the future. These mismatches in the demand and supply have 

prompted requests to upgrade their MHP systems. Meanwhile, this experience is not 

evident in either Apayao or Mindanao.  
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Due to the exploratory nature of this research, a number of its limitations merit 

discussion. With the archipelagic setting of the Philippines, one of the major 

roadblocks in this field-based research is related to logistical considerations that 

should be accounted for in going from one island to the next and up to the remote 

areas where these micro-hydropower plants are located. In-depth studies must allow 

the researcher to stay in the communities for a longer time to increase the sample size 

of the participants. A longer fieldwork duration would also lead to a better 

understanding of the processes behind the MHP development. 

In terms of methodological limitations, apart from coverage and time constraints, a 

review made by Weber and Bradley (2006) indicates that other limitations of surveys 

revolve around data quality. Dimensions of data quality include (a) unit and item 

nonresponse; (b) honesty of responses, particularly for questions of a sensitive nature; 

and (c) completeness of responses, particularly for open-ended questions. In the case 

of this research, low response rates from certain stakeholder groups may also indicate 

some form of systematic bias in the data collected. It could be that those who were less 

satisfied with MHP projects may have felt more motivated to respond (Gulliver et al., 

2005). Likewise, as project implementers tend to struggle with time constraints, some 

people are less likely to respond because of feeling overworked, leading to incomplete 

responses or none at all. The number of government employees who participated in 

the survey is also very small and future research would benefit from attempting to 

increase this size. Finally, although questions for the community members were 

translated to the lingua franca of the Philippines (Filipino-Tagalog), there might still 

be subtle differences in word use depending on the region where these MHP sites are 

located.  As a number of different groups with various languages and cultures were 
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involved in this research, it is possible that slight differences in the interpretation of 

the questions may have influenced the findings of the research.  

 

 
 

The findings from quantitative and qualitative methods complement each other well 

but converge more on the success factors than on failure factors. The nuances added 

by the qualitative data show that the success and failure of MHP schemes are quite 

complex and context specific.  

A micro-hydropower scheme is not only characterised by differing technical and 

physical attributes, it is also embedded into a unique social setting. Differences in the 

geographical setting, socioeconomic heterogeneities, internal conflicts and level of 

social preparedness create several challenges to the overall sustainability of a micro-

hydro scheme. Similarly, the competencies, expertise and dedication of the 

implementing organisations also add to how well this type of technology is accepted 

and sustained by the communities. 

The findings of this study also show that MHP schemes are commonly produced for 

consumptive (e.g., residential) use, such that collected funds are frequently 

insufficient to warrant sustained operation. Productive end uses should be supported 

and local capacities be built and developed to sustain the MHP schemes. It would also 

be helpful if the programmes that are geared towards poverty alleviation in rural 

communities are not disjointed from renewable energy programmes aimed at 

electrification.  

In the future, best practices in providing energy may mean that implementers look at 

the entire value chain of MHP schemes and start to design complementary projects 



Factors that influence the success and failure of micro-hydropower (MHP) sites in disaster-prone areas: Insights from the Philippines 

 

 

111 
 

that seek to understand the priorities of the villages, improve their existing capabilities 

and find ways to implement sustainability plans that include adaptive strategies for 

coping with natural disasters and climate variabilities.  

Although it is likely that the findings above would be valuable across different 

technological and country contexts, it is important for future research to test the extent 

to which they can be generalised by using comparative analysis across these different 

contexts.  
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APPENDIX A. Research Questionnaires 

 

Questionnaire for Household Members 

 

 

1.  How many people live in this household? 

 

2.  How many years has your household used electricity from the said scheme? 

 

3.  On average, how many hours a day is electricity available from the service provider? 

 

 24 hours/ day 

 8 hours/day 

 Other, please specify. ____________________ 

 

4. What is electricity used for in your home? Check all that apply. 

 Lighting 

 TV 

 Radio 

 Electric Fan 

 Refrigeration 

 Cooking 

 Irrigation 

 Mobile phone 

 Others, please specify ____________________ 

 

5.  Do you also use electricity in your household for home business purposes? If yes, for 

what purpose do you use it for (e.g., lighting, refrigeration, food processing, etc.)? Please 

specify. 

 Yes ____________________ 

 No 

 

6. On average, how much do you pay for electricity consumption per month? 

 

7. Before the arrival of the electricity from MHP, where did you source the energy that you 

use for your household needs? How much did it cost at the time? 
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8 Is there a metering system that allows you to determine your total electricity consumption? 

 Yes 

 No 

 

9. How satisfied are you with the micro-hydropower scheme in this area? 

 Extremely satisfied 

 Somewhat satisfied 

 Neither satisfied nor dissatisfied 

 Somewhat dissatisfied 

 Extremely dissatisfied 

 

 

 

 

Prompt questions for the household semi-structured interview 

 

 

1. How has the micro-hydropower impacted your household (i.e., children's education, 

access to news, information and entertainment, sense of security at night, etc.)? 

 

2. How does your household cope during power outages or fuel shortages? 

 

3. Who do you report to for any problems concerning your electricity supply? 

 

4. How soon did you buy appliances after having access to electricity? 

 

5. How do you perceive different types of energy in terms of the following parameters? 

a. reliability  

b. affordability  

c. quality  

d. health/safety  

 

6. In your opinion, do you think the micro-hydropower scheme in this community meets its 

set mission and goals to be performed? Please explain your answer. 
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Prompt questions for the semi-structured interview with community leaders 

 

 

1. Who initiated this micro-hydropower project in your community? (e.g., community, private 

company, the government etc.) What were their aims and objectives? 

 

2. What is the community's involvement in the project? At what stage does the community 

get involved in the said project? What is the nature of the community's involvement (i.e., 

advice, voluntary workers, paid workers)? Kindly explain. 

 

3. Are these projects used to supply more than one community? If yes, what agreements are 

made between the communities/villages? 

 

4 If there are problems with the scheme, how do community members rectify them? Who do 

dissatisfied members address their concerns to? 

 

5. In your opinion, what are the impacts of the micro-hydro scheme to the community? 
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Prompt questions for the semi-structured interview with Operations and Maintenance (O&M) 

Personnel 

 

 

1. How long have you been involved in the operations and maintenance of the given 

micro- or mini-hydropower scheme? 

 

2. What method is used to manage electricity distribution? 

 

3. Is there any regulation such as fines or incentives in terms of electricity usage? 

 

4. Are there any differences in terms of power quality among households? 

 

5. How regularly are maintenance checks conducted? 

 

6. Is there any training provided to operations and maintenance personnel? If yes, who 

provides the training and when does this happen? 

 

7. What problems do you most often encounter in your job as part of the O&M staff? 

 

8. How long does it usually take to fix a problem? 
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Prompt questions for the semi-structured interview with key government staff 

 

 

1.  Which government departments/ agencies are directly involved in rural electrification 

programmes? What are their respective roles? 

 

2.  What are the explicit government policies in place with regard to rural electrification 

through renewable energy technologies? 

 

3.  Are there any future plans for rural communities to increase their reliance on 

renewable energies? If yes, kindly discuss. 

 

4.  What is the time frame (in years) for increasing reliance on renewable energy? 

 

5.  Are there any differences in the level of your office's involvement grid-connected 

renewable energy project and those that are running off-grid such as micro-

hydropower projects? If yes, please explain. 

 

6. Specifically, for micro-hydropower systems, are there any standards that these 

systems need to comply with? 

 

7. Unlike companies that install mini-hydropower plants, nongovernment organisations 

(NGOs) do not usually have any legal contract (energy consents) with the government; 

what do you think is the best way for the government to monitor their community-based 

renewable energy projects? 

 

8. In your opinion, what can be institutionally improved to ensure the success of micro-

hydropower projects in the country? 
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Prompt questions for the semi-structured interview with local NGOs 

 

 

 

1. Who usually initiates the installation of community-based renewable energy projects 

such as micro-hydropower, solar power etc.? 

 

2. What criteria do you use in choosing which type of renewable energy technology suits 

the need of a given community? 

 

3. Can you explain about the information, education and communication (IEC) campaigns 

you conduct in relation to community-based renewable projects? 

 

4. Specifically, for micro-hydropower generation, what are the core goals/aims of this type 

of projects? 

 

5. In your opinion, do you think these micro-hydropower projects meet their set mission and 

goals to be performed? Please explain your answer. 

 

6. Who are the stakeholders involved in a given project? What are their specific roles? 

 

7. In general, at what stage does the community get involved and/or contribute in the 

project? What kind of contribution are they usually willing to provide? 

 

8. What are the impacts of the micro-hydropower system in the community? 

 

9. How does your organisation measure the benefits of the said scheme for a specific 

community? 

 

10. What follow-through services do you provide to the community? 

 

11. In your opinion, what can be institutionally improved to ensure the success of micro-hydro 

power projects in the country? 
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Online Survey for the Project Implementers  

(NGOs, international community and key government officials)  

 

 

1. Please state which gender identity you most identify with (e.g., female, male, transgender 

etc.) 

 

2. How many years have you known about or have been involved in community-based, 

micro-hydropower projects? 

 

3. In your opinion, how many of the micro-hydropower projects that you know of meet their 

set mission and goals to be performed?  

 Less than 20% 

 21% to 40% 

 41% to 60% 

 61% to 80% 

 81% to 100% 

 

4. Overall, how satisfied are you with the performance and impacts of community-based 

micro-hydro power projects? 

 Extremely dissatisfied 

 Somewhat dissatisfied 

 Neither satisfied nor dissatisfied 

 Somewhat satisfied 

 Extremely satisfied 

 

5. In your opinion, how familiar are you with the factors affecting the success and failure of 

micro-hydropower schemes? 

 Not at all familiar 

 A little familiar 

 Moderately familiar 

 Very familiar 

 Extremely familiar 
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6. Please rate the degree of 
impact or influence of each 

factor to the success of micro-
hydropower projects from "no 

impact" to "very high impact”. If 
you don’t know the answer, 

choose “I don’t know” 

No 
impact 

Little 
impact 

Average 
impact 

High 
impact 

Very 
high 

impact 

I don't 
know 

Community participation and 
sense of ownership 

            

Existence of an effective 
management committee 

            

Gender empowerment             

Availability of funding for 
maintenance and repair 

            

Suitability and appropriateness 
of technical and engineering 
design 

            

Awareness raising regarding 
the technology  

            

Proper tariff setting and 
administration 

            

Amount of experience and 
level of expertise of 
implementing agencies 

            

Cultural awareness and 
sensitivity of implementing 
agencies 

            

Involvement of an independent 
evaluator for monitoring 

            

Proper training for the 
operator(s) 

            

Availability of income 
generation and productive end 
uses of electricity (e.g., agri-
mill, home business) 

            

Availability of failure/problem 
reporting mechanism and 
follow-through services 
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Availability of training for 
financial management 

            

Availability of perennial source 
of water/ continuous water 
supply 

            

Inclusion of watershed 
management programmes in 
overall sustainability plans 

            

 

 

7. Apart from the variables listed above, are there any other success factors that you can 

think of that should be taken into account? If yes, please specify and rate its degree of 

impact. 

 Click to write Column 1 

 No impact Little impact 
 Average 
impact 

High impact 
Very high 

impact 

Statement 1           

Statement 2           

Statement 3           
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8. Please rate 
the degree of impact 
or influence of each 

factor to the 
failure of micro-

hydropower projects 
from no impact to 

very high impact. If 
you don't know the 
answer, choose I 

don't know 

No 
impact 

Little 
impact 

Average 
impact 

High 
impact 

Very high 
impact 

I don't 
know 

Village politics/ 
Differences among 
people 

            

Dispute over water 
allocation (e.g., 
allocation of water for 
farming vs energy 
production) 

            

Natural disasters 
(e.g., floods, 
landslides, 
earthquake, etc.) 

            

Extreme seasonal 
changes (too little or 
too much water 
depending on 
season) 

            

Problems with 
landowner where the 
scheme is installed 

            

Excessive power 
consumption 

            

Lack of proper 
community 
consultation 

            

Lack of supportive 
government policies 

            

Problems in tariff 
collection and fund 
management 
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Lack of technical 
capacity of operators 

            

Lack of succession 
planning for when the 
operator leaves or 
change jobs 

            

Lack of proper and 
regular maintenance 
of equipment and 
civil works 

            

 

 

9. Apart from the variables listed above, are there any other failure factors that you can think 

of that should be taken into account? If yes, please specify and rate its degree of impact 

  

 No impact 
Of little 
impact 

Of average 
impact 

High impact 
Very high 

impact 

Statement 1           

Statement 2           

Statement 3           

 

 

NOTE: Q6 to Q9 (Success and Failure Factors) were also asked of the end-users but 

translated to Filipino for understandability.  
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APPENDIX B. Landslide Hazard Maps6  

 

Location of the MHP sites in Apayao and the landslide hazard map of the area 

  

 

                                                   
6 Note: The landslide hazard maps in this appendix were sourced from the website 

http://noah.up.edu.ph/#/. Project NOAH’s downloadable products are open data 

licensed under the Open Data Commons Open Database License (ODC-ODbL). 

 

http://noah.up.edu.ph/#/
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Location of the MHP sites in Negros and the landslide hazard map of the area 
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Location of the MHP sites in Mindanao and the landslide hazard map of the area 
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APPENDIX C. List, Intensity and Duration of Tropical Cyclones   

All the data in appendix B are from the Climatological and Agrometeorological 

Division of PAGASA and are covered by the following memorandum of agreement: 
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