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Abstract
Rationale:
While renewable energy-based off-grid technologies can seem promising in terms of providing
energy access for remote communities in developing countries, the existing evidence suggests
that their functionality is often problematic. Previous studies have identified a number of
operational and design factors influencing the performance of such off-grid systems. However,
this previous work has largely involved case studies of single projects and has not sought to
use or develop theoretical models to explain what drives sustainability more generally. This
provides the rationale for conducting the research in this thesis to answer the main research
question: Is it possible to discover a theoretical framework of project attributes that contribute
to the sustainable performance of renewable energy-based mini-grid projects (micro-hydro) in
Nepal?
Design/Methodology:
This research employed a mixed research method design to understand the characteristics of
successful and sustainable projects, as well as the role of external support in achieving
sustainability. In the first phase of the research, a qualitative study was carried out in a sample
of 12 micro-hydro projects in rural Nepal. The objective of the qualitative research was to build
on the literature and to develop a theoretically-based conceptual model of how operational,
design and other factors influence the performance and sustainability of off-grid micro-hydro
projects. In the second phase, through quantitative research and a survey of n=175 mini-grid
projects in rural Nepal the initial conceptual model was tested and refined. By employing
Partial Least Squares Structural Equation Modelling (PLS-SEM), key project characteristics
and their influence on five dimensions of sustainability were identified.
Findings:
The results of PLS-SEM analysis supported 14 out of 16 hypothesised relationships in the
conceptual model. The findings confirmed the importance of a number of factors identified in
previous studies as drivers of technical and institutional performance of such schemes. These
included participation of local communities in project design, daily plant operation practice,
management capacity, and post-installation support. Further, the qualitative and quantitative
research identified other project attributes influencing micro-hydro project performance,
related to the availability and uptake of power supply and management characteristics which
[1]

were under-explained in the literature. These included having both adequate and reliable power
available for appliances, sufficiently long hours of plant operation, sound financial
management, performance of management teams, and the productive uses of electricity in the
village. In addition, relationships were discovered and quantified between various dimensions
of sustainability in the context of off-grid hydro projects. Based on the findings from both the
literature and this research, a theoretical model for the sustainable operation of mini-grid
systems is presented.
Key Contributions:
This thesis provides a theoretical model for the sustainable operation of renewable energybased mini-grid projects. This research has identified a number of factors that drive various
sustainability dimensions of off-grid hydro projects constructed in Nepal. This is another
unique contribution to the government policy makers, development partners, implementing
agencies and individual project managers. The key findings can be used to revise the policy
documents, and project design and delivery guidelines. Further, project managers can use some
of these findings to achieve more sustainable outcomes.

[2]

Chapter One

1 Introduction
1.1 The Research Issue
In a developing country context, off-grid renewable energy (RE) seems to offer great promise.
Nevertheless, experience with off-grid electrification services developed to date suggests that
their sustainability is questionable. This thesis examines problems encountered with such
systems and identified various characteristics that were related to the sustainable operation of
off-grid renewable energy services. This was achieved by analysing micro-hydro plants
constructed in Nepal and reviewing various aspects of their operation.
This chapter briefly outlines the research territory, justifies the research topic and introduces
the research question. The first section provides a summary description of the world electricity
market, renewable energy and renewable energy-based mini-grid services. Key benefits,
operational issues and functional status of RE-based mini-grid services are discussed in the
second section. Current knowledge and gaps on sustainability issues of these mini-grid
electrification projects are briefly summarised in the third section. The research question,
research methods and structure of the thesis are presented in the last three sections. Table 1.1
shows the main section of Chapter 1.
Table 1.1: Outline of Chapter 1

Section
1.1
1.2
1.3
1.4
1.5
1.6
1.7

Headings
The Research Issue
Research Background
Sustainability Assessment of Off-Grid Electrification Services
Current Knowledge Gaps and Research Question
Research Design and Methods
Outline of Thesis
Conclusion

1.2 Research Background
Mini-grids are often appropriate rural electrification propositions and offer great promise to the
developing world. More than 16% of the world’s population (1.16 billion people) still live
without basic electricity access (WEO, 2016). Conventional rural electrification (i.e. extension
of the central grid) is neither a sufficient nor a cost-effective option for providing modern
[3]

energy services to many deprived communities, particularly those in rural and remote areas of
the developing countries. National utilities in most developing countries have been reluctant to
extend the central grid to rural areas, as supplying rural electrification has always been
expensive (Narula, Nagai, & Pachauri, 2012). Renewable-energy off-grid services can be
developed and operated in such circumstances. They are independent from the national grids
and have relatively small investment costs and electricity charges, thus being suitable for poor
rural families. As importantly, being environment-friendly, RE-based off-grid systems have
been linked with the global agenda of poverty reduction, sustainable development and climate
change. Many donor communities, development banks and the United Nations have combined
host developing countries for promotion and development of RE-based off-grid energy services
(Palit & Bandyopadhyay, 2016; Shyu, 2014; Zomers, 2014). Furthermore, the declining costs
of these technologies present them as a more realistic option. As a result, more than 133 million
people are already benefiting from one of these technologies (i.e. isolated solar PV or local
mini-grids). By 2030, more than 60% of the total newly electrified families (490 million
people) are expected to be connected through such an off-grid service.
Access to affordable and reliable electricity supply is considered a pre-condition for economic
growth of rural areas. These off-grid systems provide basic electricity services and also
facilitate local economic business activities and wellbeing of rural people in developing
countries. Studies suggest that electricity is the critical precondition for the productive sector
(e.g., enterprises, small industries), and the commercial (e.g., hotel, tourism) and service sectors
(e.g., health, education). Productive use of electricity in rural areas is therefore considered to
be a significant driver of economic growth and social progress (Banerjee, Singh, & Samad,
2011a; Legros, Rijal, & Seyedi, 2011) . A reliable electricity service helps to strengthen the
creation and upgrading of value chains, diversify local economic structure and livelihoods,
reduce climate change vulnerability and reinforce resilience in rural settings, and enhance
commercial viability of the infrastructure. Finally, the off-grid generators help to create local
employment opportunities and facilitate the use of local resources in a more sustainable manner
(Lahimer et al., 2013; Legros et al., 2011; Urmee, Harries, & Schlapfer, 2009; Zahnd &
Kimber, 2009).
At the macro-economic level, the role of energy in economic development is well recognised
(Ayres, Turton, & Casten, 2007). The endogenous growth theory describes energy as a factor
of production together with labour and capital. The causal relationships between electricity
consumption and the well-being of people are also documented in the literature (Ouedraogo,
[4]

2013). Since the beginning of the second era of small-scale generation systems during the
1980s, market competition has facilitated renewable-based decentralised options for rural
electrification both in the developed and developing counties (Mandelli, Barbieri, Mereu, &
Colombo, 2016). The use of renewable energy for electrification can significantly contribute
to a reduction of the greenhouse gas emissions. While the current electricity market is blamed
for more than 31% of total energy-related emissions to the atmosphere, these low carbon
technologies can replace/avoid the use of conventional electricity generators thus minimising
the emissions.

1.3 Sustainability of Off-Grid Electrification Services
The first generation of small local grids have evolved to enable the creation of large central
grids. To achieve economies of scale, these local mini-grids were integrated to form central
grids1 (ESMAP, 2019). The second-generation mini-grids are mostly micro-hydro projects or
depend on diesel generators. These mini-grids are operated in isolated mode and owned and
managed by local communities. The third generation mini-grids, which are emerging and
highly sophisticated solar hybrid technologies, are owned and managed by private companies.
The second-generation mini-grids are more popular in those rural settings where the central
grid is not reachable and the private sector is not interested to invest.
Nepal is one of the leading countries in promoting such off-grid renewable energy
technologies, where about 10% of the total population are connected through local micro-hydro
projects. The country is blessed with thousands of local rivers and hilly terrain ideally suited
to generating electricity. The power of local rivers is harnessed to generate electricity and
distribute to local residents. Besides lighting and other household uses, electricity from these
local mini-grids is utilised for operating agro-processing mills, establishing local businesses,
and charging mobiles phone and internet services (Dornan, 2014; Lahimer et al., 2013).
Regional/international experience shows that off-grid electrification services, have brought
positive results and success in reaching the neediest people and, have contributed significantly
to livelihood enhancements and greenhouse gas reduction (Belmonte, Escalante, & Franco,
2015; Chmiel & Bhattacharyya, 2015). However, the present functionality of such off-grid
plants in Nepal and other parts of the world is a major concern among the stakeholders as many
of them have been found to be unsustainable in terms of performance, service delivery and/or
1

The Alternative Current (AC) allows transmitting a bulk amount of power from one place to another by using
high voltage transmission lines.

[5]

revenue generation (Bhattacharyya & Palit, 2016; Dornan, 2014; Palit & Bandyopadhyay,
2016; Zhang & Kumar, 2011).
Off-grid RE systems are generally promoted under a program/project model and supported for
a certain period with specific donor support strategies. More often, these programs are focused
on their short-term physical targets and outputs rather than long-term sustainability,
particularly overlooking after-sales services (Aguirre & Ibikunle, 2014; Bhattacharyya & Palit,
2016; Dornan, 2014; Urmee et al., 2009). Scholars have identified several issues of RE-based
off-grid electrification services both in the design and operational phases. Project sizing and
demand estimation, reliable power supply, daily plant operation, maintenance fund, tariff and
bill collection are among the key challenges experienced in these projects. Lack of technical
skills, management capabilities and spare-parts are some other operational challenges. These
challenges are so great that the functionality of many RE-based off-grid systems in Nepal and
other parts of the world is a major concern (Dornan, 2014; Tamir, Urmee, & Pryor, 2015).
RE-based off-grid rural electrification services, particularly, mini-grids are owned and
managed by different communities, so they have different sets of attributes. The performance
of such off-grid mini-grids is experienced differently from one community to another. In Nepal
and other countries different off-grid energy projects implemented under apparently the same
policy and implementation modalities have been found to perform differently. The
characteristics of successful and sustainable projects as well as the role of project attributes and
external factors in achieving sustainability are not well understood in the literature.
A well-managed local energy service can deliver a reliable power supply to a village and also
improve the lives of the villagers. A generator that performs well ensures high quality and
reliable electricity that encourages households to own and use more electrical appliances.
Similarly, reliable and high-quality electricity supply supports higher production in small and
medium enterprises (SMEs). Higher consumption of electricity contributes to the wellbeing of
people, whereas higher productivity supports additional income and creates more job
opportunities. The improved economic status of a local village will eventually help to increase
electricity demand, thus improving the plant factor of the generator. With a higher plant factor,
the plant will be operating more efficiently and be able to secure more revenue, which can be
utilised for better management and more effective operation and maintenance services.
Hence, many project attributes eventually affect the overall performance of the off-grid
electrification services. Those having favorable conditions (e.g., for a virtuous economic
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circle), lead towards more sustainable outcomes. Many others that do not receive such positive
support can eventually fail to supply basic services.
These micro-hydro projects (i.e. mini-grids) and local communities perform in interdependence
relationships. Because of the limited market boundaries of these projects and a lack of
substitutes (i.e. other electricity suppliers) for the users, the community attributes and project
attributes perform in a symbiotic manner. The sustainability of these projects both influences
and is influenced by the economic and social status of local people as well as the economic
activities within the communities.
The ex-post evaluation of the RE-based off-grid system using sustainability assessment
methods has received relatively less attention than ex-ante analysis. The literature on the expost studies is focused on situation analysis (Chmiel & Bhattacharyya, 2015; Gallego Carrera
& Mack, 2010), comparative studies (Ilskog & Kjellström, 2008; Lillo, Ferrer-Martí, Boni, &
Fernández-Baldor, 2015; Mainali, 2014; Maxim, 2014), case studies (Brent & Rogers, 2010;
Klunne & Michael, 2010), adaptation issues (Shi, Liu, & Yao, 2016; Yadoo & Cruickshank,
2012) , users performance (Hong & Abe, 2012; Hong, Abe, Baclay, & Arciaga, 2015) and
action research (Bhattacharyya & Palit, 2016). There are few studies on operational microhydro projects that have employed sustainability indicators (Bhandari, Saptalena, & Kusch,
2018). Most of these assessments were focused at a local context level with specific project
objectives and requirements rather than addressing the broader sustainability issues of off-grid
energy services. Little past research has analysed project attributes and their contribution
towards sustainable performance.

1.4 Research Questions
Characteristics of successful and sustainable projects, as well as the role of project attributes
and external factors in achieving sustainability, are not well understood in the current literature.
Therefore, this PhD research aimed to understand the relationships between projects
characteristics, community attributes and sustainable performance of off-grid electrification
projects, particularly the micro-hydro projects constructed in Nepal. It is important to
understand the importance of particular project attributes or, more likely, how a combination
of these attributes fit together, and why bundles of local management practices lead to
sustainability. Understanding the factors that affect the sustainable operation of RE-based minigrid systems was the expected contribution of this research. Thus, the key research question
probes: “Is it possible to discover a theoretical framework of project attributes that contribute
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to the sustainable performance of renewable energy-based mini-grid projects (micro-hydro) in
Nepal?” To answer the key research question, five specific objectives were defined. They are:
1. To identify key relevant project attributes and management characteristics.
2. To obtain data (project attributes and performance measurement) of a sample of projects.
3. To evaluate relationships between the project attributes and the performance of the sample
projects.
4. To develop a theoretical model for sustainable operation of mini-grid electrification
systems.
5. To form conclusions about the critical aspects of these mini-grid projects that result in their
sustainability.

1.5 Research Design and Methods
This research involved four key research steps: (i) identify project attributes, (ii) select
sustainability indicators, (iii) measure attributes and indicators for each sample project, and
(iv) estimate and evaluate the relationships between the project attributes and sustainability.
As stated earlier, this thesis aims to discover the critical project attributes that lead to the
sustainable operation of RE-based mini-grids. The project attributes are primarily the input
variables (e.g., the type of participation of local communities, funding modalities and design
parameters) and process variables (e.g., tariff, daily operation, and staff management, and aftersales service). There was no dominant arrangement of these project attributes focusing on the
community-managed off-grid rural electrification projects. These socially constructed project
characteristics could not be fully captured without a thorough understanding of the construction
and operation practices of these projects in the communities. This information was needed to
be carefully collected and evaluated in the first phase.
The second group of variables of interest in this research were the sustainability indicators. In
the sustainability assessment of off-grid energy services, a set of indicators is used to estimate
each dimension of sustainability. There were more than 100 such sustainability indicators
already used in the both ex-ante and ex-post evaluation of such energy projects. However, they
needed to be prioritised and selected based on the current research need and scope. Therefore,
the selection of sustainability indicators was another crucial milestone in this research.
The third pressing task of this research was to arrange for collecting data and evidence. The
data collection should be transparent, the sample should be representative, and the obtained
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data should be reliable and consistent (Creswell, 2009; Malhotra, 2012). Finally, suitable data
analysis techniques and methods were required to establish empirical evidence. In this research,
multiple independent and dependent variables were involved; therefore, a multivariate data
analysis tool was needed.
This research required two phases of data collection to obtain complete information, and, thus,
a mixed-method research design was considered suitable. Various qualitative research methods
(e.g., focus group discussions-FGDs, interviews, site observations) were employed to identify
key project attributes of mini-grid services. The results of the qualitative data analysis were
used to inform the second phase of research (i.e. quantitative survey). Similarly, the qualitative
analysis formed the basis for hypothesising various relationships between the project attributes
and sustainability performance. These hypothesised relationships were further evaluated in the
quantitative data analysis phase. Relevant suitability indicators were selected from the existing
literature to measure various dimensions of sustainability.

In the second phase of data

collection, a quantitative survey questionnaire was developed to obtain the project attributes
and sustainability indicator measurements from the sample projects. Finally, the partial least
squares structural equation modelling (PLS-SEM) technique was employed to analyse the data
and evaluate various hypothesised relationships between the project attributes (exogenous
variables) and sustainability dimensions (endogenous variables).

1.6 Outline of Thesis
This thesis contains seven chapters. This is the first chapter which briefly introduces the
problem that this thesis analysed. Importance of the research topic, knowledge gaps and
specific objectives are some other subjects included in this chapter. This outline summarises
the content and order of information presented in the thesis.
Chapter two is the literature review. Current knowledge on the problem to be addressed,
knowledge gaps and the research question are the main topics included in this chapter. In the
first section, the current electricity market with a specific focus on renewable energy-based offgrid electrification projects is discussed. Experiences of such off-grid energy services from
Nepal and other countries in terms of benefits, operational issues and functional status are
summarised in this section. The second part of the chapter describes a summary of reviewed
literature on ex-post sustainability assessment of such off-grid systems. At the end of this
chapter, a conceptual framework for sustainable operation of RE-based off-grid electrification
schemes is presented. The chapter concludes with a research question and hypotheses.
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Chapter three describes the research 3methods. Research approach and strategy undertaken for
collecting and analysing data are discussed in the first section. Similarly, justifications are
provided for adopting mixed-methods research. In the next four sections, different sets of
methods, tools and techniques are explained. Various qualitative methods (e.g., FGDs,
interviews, site observations) are discussed in Section 3.5. The qualitative study was designed
in the first phase of study to identify key project attributes of off-grid micro-hydro projects
constructed in Nepal. Section 3.6 contains methods and criteria used for selecting sustainability
indicators from the literature for assessing RE-based off-grid systems. The last two sections of
the chapter contain quantitative methods for obtaining and analysing data. A quantitative
survey was conducted on 175 micro-hydro project locations, which is discussed in Section 3.7.
The final section (3.8) describes PLS-SEM data analysis and evaluation techniques. The PLSSEM analysis tool was used to examine the hypothesised relationships between various project
attributes and sustainability dimensions.
Chapter four presents various analyses, processes and study results from the qualitative
research. Thematic analysis techniques were used to analyse the qualitative data obtained
through the first phase of field study. The analysis identified key project themes and sub-themes
(attributes) which are presented in Section 4.2. Similarly, the indicator section process
identified key relevant indicators for this research. A detailed audit of the selection process and
the resulting indicators are illustrated in Section 4.3.
The quantitative data analysis and results are discussed in Chapter five, which contains the
PLS-SEM model evaluation process, path coefficients and their significance, R2 values, total
effects and effect sizes. A brief interpretation of these results is also included in this chapter.
Discussions on the key research findings and results are summarised in Chapter six. This
chapter contains interpretations of the final quantitative data analysis results i.e. the
relationships between the various project attributes and sustainability dimensions. Some
important relationships from the quantitative analysis were further elaborated with support
from the qualitative study findings.
Final conclusions and recommendations are presented in Chapter seven. This chapter contains
three main sections. Key study findings, their interpretations, contributions and practical
implications are presented in the first section. There were some study limitations which are
listed in the second section. The final section of the concluding chapter provides some
recommendations for government policy reforms, managerial practices and future research.
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1.7 Conclusion
Off-grid renewable energy technologies are emerging rural electrification options and offer a
great promise in the context of developing counties. Nevertheless, experience with off-grid
electrification services developed to date suggests that their sustainability is questionable.
Many of these systems are found unsustainable in terms of operation, service delivery or
revenue generation. The characteristics of successful and sustainable mini-grid projects, as well
as the role of project attributes and external factors in achieving sustainability, are not well
understood in the current literature. Thus, the key research question probes: Is it possible to
discover a theoretical framework of project attributes that contribute to the sustainable
performance of renewable energy-based mini-grid projects (micro-hydro) in Nepal? Mixedmethods research was designed to identify such project attributes and examine their
relationships with sustainability performance of Nepalese off-grid projects. PLS-SEM analysis
was performed to evaluate several hypothesised relationships and develop a final theoretical
model. The resulting relationships were interpreted to draw some conclusions and
recommendations for future research.
The final outcome of the analysis validates the existing qualitative perceptions and theories on
sustainability attributes, indicators and dimensions. Further, the PLS-SEM analysis offers a
theoretical model determining the influence of factors affecting the sustainability of mini-grids.
This is the novelty of this thesis. As well as contributing to the academic literature, the research
results have important practical implications for the operation of micro-hydro projects in Nepal.
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Chapter Two

2 Literature Review
2.1 Introduction
This thesis aims to evaluate relationships between project attributes and project performance
to identify criteria that influence sustainability of renewable energy-based off-grid
electrification projects. Chapter one laid the foundations for this thesis. It presented an
overview of development and sustainability performance issues related to off-grid energy
services. In particular, it summarised off-grid electrification, comparative advantage,
developmental challenges and sustainability issues of these off-grid services. This chapter
contains a review of the current literature, which provides the foundation and justification of
the research reported in this thesis.
The first section of the literature review provides an overview of the importance of modern
energy access for economic development, focusing particularly on the role of renewable
energy-based off-grid electrification in the context of rural areas of developing countries. The
nexus between energy consumption and economic growth has been discussed in the economics
literature. Endogenous growth theory explicitly highlights (useful) energy as one of the key
factors of economic development together with capital and labour. Electricity is the most
popular and effective form for supplying energy and is considered the cleanest from of energy
for end users. Therefore, the demand for electricity is continuously growing in the service
sector, especially in the OEDC countries (see discussion below). Electricity improves wellbeing and the quality of people’s lives.
The emerging issues of greenhouse gas emission and climate change have changed the
development paradigm including the electricity market. The world community is now in the
process of transition from a conventional economic growth approach towards a more
sustainable development concept. Electricity, being the contributor of about 40% of the total
energy-related pollution to the atmosphere, is one of the key targets of transformation. As a
consequence, renewable energy technologies have emerged as an alternative option. The
developed countries take this progress as an opportunity for improving their energy mix and
energy security, whereas the developing countries have promoted these energy technologies to
increase their energy access.
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Access to modern energy, and electricity in particular, is viewed as a basic right of the general
population, similar to health facilities and education (Bradbrook & Gardam, 2006; Islar,
Brogaard, & Lemberg-Pedersen, 2017). Nevertheless, more than one billion people across the
world are still living without basic electricity access. Most of these unprivileged people live in
rural areas of developing countries (see Figure 2.2). Extension of central grids to those remote
areas is economically unfeasible. Further, in some other countries, where generation capacity
is much lower than their actual demand, extending the grids to those rural areas is a low priority
for the utilities (Dornan, 2014). After the United Nation’s call for sustainable energy for all by
2030, many host countries and development partners have incorporated RE-based off-grid
electrification in their sustainable development agenda (Shyu, 2014; Zomers, 2014). As a
result, off-grid electrification is becoming prevalent and is one of the most cost-effective
options.
Nepal is one of the leaders in developing the RE-based off-grid electrification projects. The
country has installed more than 1,500 off-grid micro-hydro schemes that provide electricity
access to more than 10% of the country’s population. Most of these projects are owned and
managed by local communities. The government of Nepal, with funding support from various
bilateral/multilateral development partners, has implemented these schemes through various
projects/programs (see discussion below). The impact of these off-grid energy projects is
widely recognised in Nepal and other countries. In addition to powering electric bulbs, these
off-grid services facilitate local economic development, improvement in health and education
facilities, creating employment opportunities and enhancing quality of life.
Operational experiences of these off-grid electrification services in Nepal and other countries
are mixed. These off-grid schemes, constructed under similar policies and implementation
modalities, perform differently. A majority of these systems are believed to be unsustainable
and more often closed much earlier than the end of their economic life time. Therefore, the
sustainable performance issue of RE-based off-grid electrification services has become a
common concern among researchers (see discussion below).
In the second section, the literature review examines sustainability, sustainability indicators
and their selection criteria, and assessment of RE-based off-grid energy projects using these
indicators. Sustainability is a vague and complex phenomenon and cannot be measured
objectively. Assessment of sustainable performance involves a number of approaches and
methods that help researchers to evaluate development progress towards or away from
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achieving its objectives. Acquiring knowledge on how these indicators are selected and used
in different contexts to measure progress, evaluate performance or assist with decision making
is important for better understanding the drivers of off-grid energy sustainability.
The current research on sustainability assessment of RE-based off-grid electricity, particularly
ex-post evaluation of these services, is the primary focus of this thesis. This is reviewed
critically to identify the gaps in the literature. Another important aspect of reviewing the
literature on evaluation of sustainability of such off-grid energy projects is to develop a
conceptual framework and hypothesise how the project attributes interact with each other and
influence project performance. In this context, the management aspects of these off-grid
community energy projects is another key topic of the literature reviewed. The benefits of
management skills and provision of appropriate institutional arrangements and their role of
both delivering reliable power supply and facilitating in the transition of local people’s lives
are also discussed.
The current literature on RE-based off-grid energy covers different aspects of project
development and operation. The review identified key stakeholders, operational practices,
issues and functional status of these schemes. Based on these findings, a conceptual framework
for sustainable operation of off-grid energy projects, particularly, micro-hydro projects in
Nepal, was developed. The framework is the first version (out of three), which was revised and
refined as the research progressed in the following chapters.
The third section of the literature review is the conclusion, which summarises key observations
of this literature reviewed. Finally, this chapter presents the main research problem and
research questions addressed by this thesis. Table 2.1 shows the main sections of Chapter 2.
Table 2.1: Outline of Chapter 2

Section
2.1
2.2
2.3
2.4

Headings
Introduction
Renewable Energy-Based Off-Grid Electrification
Sustainability Assessment of RE-based Off-Grid Electrification
Conclusion
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2.2 Off-Grid Rural Electrification
2.2.1 Introduction
Two major issues central to this thesis are (i) renewable energy-based off-grid electrification,
and (ii) sustainable performance. This section covers the first issue: the topic of RE-based offgrid electrification services. To understand why electricity is important for socio-economic
development and the well-being of people, particularly in the developing country context, the
literature dealing with the nexus between the economic growth and energy consumption is
reviewed. A review of the electricity market helps to identify key drivers of RE-based off-grid
electrification. More specifically, it is relevant to explore the comparative advantages of
promoting and sustaining RE-based off-grid energy services.
Both phases of the field research (i.e. qualitative and quantitative) reported in this thesis were
conducted in Nepal. Nepal is one of the leading counties in promoting RE-based off-grid
energy projects, where more than 1,500 micro-hydro (local mini-grids) provide electricity
services to more than 10% of the country’s population. It is, therefore, worth exploring Nepal’s
off-grid electrification initiatives, particularly the stakeholders’ involvement, business models,
and investment costs.
Experience of RE-based off-grid electrification in Nepal and other countries is another
important area of the literature reviewed. It is relevant to explore and learn about key challenges
and issues like project design, investment and financing, daily plant operation and after-sales
services, as well as management practice. Such information is critically important to an
understanding of the key project attributes, functionality and sustainability. Table 2.2 shows
the outline of Section 2.2.
Table 2.2: Outline of Section 2.2

Sub-section
2.2.1
2.2.2
2.2.3
2.2.4
2.2.5
2.2.6
2.2.7
2.2.8

Headings
Introduction
Relation between energy and economics
Global electricity market
Renewable energy-based off-grid electrification
Off-grid micro-hydro projects in Nepal
Experience from RE-based off-grid electrification
Management of RE-based off-grid energy projects
Section summary
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2.2.2 Relationships between energy and economics
Access to electricity is a pre-condition for economic development and livelihood enhancement.
At every stage of the economic development, from extraction to finished goods, transportation,
services and information/communication, some form of energy is required. Although there are
still debates on the relationships between the energy and economic growth, scholars have
analysed time-series data of energy consumption and economic growth (i.e. GDP) of some
industrialised countries to confirm these relationships (Ayres et al., 2007; Ayres & Voudouris,
2014; Belke, Dobnik, & Dreger, 2011; Stern, Burke, & Bruns, 2019; Warr & Ayres, 2010).
Ayres et al. (2007) explained these relationships in the production function of GDP using three
factors: capital, labour and useful energy2. They analysed data sets of the US and Japan from
1900 to 1998 and identified two major trends: (i) energy services play a role in economic
growth and (ii) energy efficiency is a viable strategy to reduce the greenhouse gas problem
without compromising economic growth. Warr and Ayres (2010) used similar data series from
1946-2000 and identified unidirectional causality from energy to GDP. They also emphasised
the need to increase energy inputs or improve energy efficiency in order to sustain long-term
economic growth.
Affordable, adequate and reliable supply of energy is crucial for economic growth. Scholars
have analysed different time series data to examine such relationships between the energy
consumption and economic growth. Belke et al. (2011) analysed economic growth, energy
consumption and energy prices of EU countries from 1981 to 2007 and delivered two findings:
(i) a long-term bi-directional causal relationship between energy consumption and GDP, and
(ii) the price inelasticity of energy consumption. Ayres and Voudouris (2014) reconfirmed the
previous findings and argued that industrial revolution was driven by the exploration and use
of cheaper fossil fuels. These scholars further claimed that an affordable and adequate supply
of energy is required to continue economic growth in the 21st century. Stern (2019) reviewed
the empirical literature on this topic and found that electricity access and economic
development are correlated. The comprehensive “EEG State-of-Knowledge Paper Series”
emphasised reliability of electricity supply for economic growth.
The well-being of people in all counties is now measured by the amount of electricity they
consume. Empirical evidence of these relationships between the energy consumption and the

2

Useful energy is energy inputs multiplied by the conversion efficiency.
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human development index (HDI) is discussed in the existing literature (Bhattacharyya, 2012;
Martínez & Ebenhack, 2008; Ouedraogo, 2013). Ouedraogo (2013) evaluated the relationships
between electricity consumption and HDI in 15 developing countries for a 20-year period (1988
to 2008). The study found a long-term causal relationship between the electricity consumption
and HDI. A 1% increase in per capita electricity consumption is associated with a 0.22%
increase in (HDI).
To summarise, a new, endogenous theory of economic growth explicitly recognises energy, as
one of the three factors: capital, labour and useful work (product of energy and efficiency), in
a production function. Further, these quantitative research findings also indicate that energy
consumption is relatively price inelastic. Another important observation is that electricity
contributes to improving well-being of people.
While scholars analysed time-series data of energy consumption and economic growth (i.e.
GDP) of some industrialised countries to confirm these relationships between energy,
economic development and well-being of people, off-grid rural electrification issues received
less attention in these analyses. Nevertheless, it was recognised that access to affordable and
reliable electricity supply is a vital pre-condition for improving livelihoods and general
economic conditions of rural people.

2.2.3 Global electricity market
Electricity is the most popular form of energy carrier and widely used in industries, homes,
commercial and office buildings and some forms of transportation (e.g., electric train, and
electric car). This is the cleanest form of energy for the end users, and easy to transmit and
control (Stern et al., 2019). Out of the total global primary energy demand of 13,684 million
tonnes of oil equivalent (Mtoe) in 2014, more than 40% was consumed by the power sector
alone in generating electricity (IEA, 2016).
Global electricity production totalled 25,721 terawatt hours (TWh) in 2017 (Figure 2.1) with
an average annual growth rate of 3.3% during the last 40 years. The electricity market is still
heavily dominated by fossil fuel generators that represented 66.8% of total production in 2017.
Hydropower was the second largest contributor with 16.3% in total share, followed by nuclear
power (10.2%), renewables (6.2%) and other renewables such as biofuel and waste (0.6%).
Similarly, total final electricity consumption in 2017 reached 21,372 TWh, of which 55.1%
was consumed by non-OECD countries. China, Russia, India and Brazil alone represent 67.2%
of the total non-OECD consumption (IEA,2019). The difference in total production and final
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consumption (25,721-21,372=4,349 TWh) is the total technical and non-technical losses3. The
total electricity loss in the reporting year (2017) accounted for 17%.

Figure 2.1: Gross electricity generation by source in 2017
Source: (IEA, 2019)

Industry is the single biggest electricity consumer (52%) in non-OEDC countries followed by
residential (23%), commercial/public services (14%), transport (2%) and others (9%) (see
Table 2.3). The differences in sectoral proportions of electricity consumed in the OECD
countries is largely a result of their more mature sectoral structural, with industry being less
important and more energy efficient and services having a larger share of GDP.
Table 2.3: Final electricity consumption by sector, 2017.

Industry

Residential

Commercial

Transport

Others4

[%]

[%]

and public

[%]

[%]

services [%]
OECD countries

30.8

31.7

1.2

4.2

Non-OECD countries

49.6

24

13.7

2.1

10.6

Source: IEA, 2019.

3

Technical loss include transmission and distribution losses, which measured 10.5% in the non-OECD
countries, while it was 6.6% for OECD countries. Non-technical losses are primarily non-payment incidents
(electricity theft) that resulted in total losses of 16.7% in 2014. Some non-OECD countries such as Haiti,
Congo, Honduras, Paraguay, Myanmar and Iraq etc. had losses above 25% (data source: IEA, 2016)
4

Includes agriculture, forestry, fishing and others.
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Of the total power (electricity) generation investment of USD 776 billion in 2018,
approximately 39% was used in the renewable energy sector (Table 2.4). Transmission
networks alone demanded almost 38% of total investment in the electricity sector. Further,
USD 374 billion (48%) was invested in the Asia Pacific region, of which more than 37% was
spent on building transmission and distribution networks (IEA,2018).
Table 2.4: Global energy investment (USD [2018] billion) in 2018

USD 2018 billion

Power generation
Coal, Gas
Nuclear Renewables
and Oil

Electricity networks
and battery storage

TOTAL

North America
Central and South
America

19

6

55

75

155

4

1

18

10

33

Europe

15

6

57

44

122

Africa

9

0

12

13

34

Middle East

10

3

5

7

24

Eurasia

13

5

3

11

33

Asia Pacific

56

26

154

138

374

World

127
47
304
297
776
Source: IEA (2018)To summarise, the high upfront investment for building the transmission and
distribution networks (40%) and significant power losses in transmission and distribution
(17%) demonstrate that the grid-based rural electrification (i.e. extension of the central grid) is
economically the least feasible option for rural areas. As a consequence, a majority of the rural
population in the developing countries do not yet have electricity access. Nevertheless, REbased off-grid systems offer some promise.

2.2.4 Renewable energy-based off-grid electrification
Access to Electricity
Around 84% of the world population is connected to electricity services (WEO, 2016). The
electrification rate is much higher in urban areas (95%) compared to rural villages (71%).
Many rural communities, often located in difficult geographical places and possessing the
lowest energy demand, are excluded from mainstream electrification program (van Ruijven,
Schers, & van Vuuren, 2012). The highest urban/rural discrepancy in the electrification rate
can be observed in Africa (71%/28%) followed by developing Asia (96%/79%), the Middle
East (98%/78%) and Latin America (98%/85%). Of the 1.186 billion non-electrified population
globally, more than 96% live in Africa and Asia (Figure 2.2).
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Renewable Energy Deployment
The oil embargo5 in 1973 brought dramatic change to the global energy market. The sudden
rise in oil price forced the US and many European counties to (i) introduce energy conservation
policies, (ii) divert funds from importing fuels from the Organization of Petroleum Exporting
Countries (OPEC) into domestic energy efficiency initiatives, and (iii) encourage their citizens
to consume less (Alpanda & Peralta-Alva, 2010; Bergquist & Söderholm, 2014; Mitchell &
Mitchell, 2014). These efforts (i.e. new policies and research and development) created
opportunities for the fostering of renewable energy technologies.

Figure 2.2: Distribution of world population without electricity
Source: (WEO, 2016).

In the 1980s, the conventional economic growth model of development moved towards a more
eco-friendly sustainable development concept. Global political leaders and development
partners (e.g., United Nations) agreed to adopt strategies and development policies that reduce
greenhouse gas (GHG) emissions. This resulted in a significant change in the global electricity
market. Since then, various renewable energy (RE) technologies have been developed to
generate electricity. The contribution of renewables, excluding hydropower, to the global
electricity mix has grown from 1.3% in 1990 to 6.7% in 2014 (IEA, 2019).

“During the 1973 Arab-Israeli War, Arab members of the Organization of Petroleum Exporting Countries
(OPEC) imposed an embargo against the United States in retaliation for the U.S. decision to re-supply the Israeli
military and to gain leverage in the post-war peace negotiation” (Source:
https://history.state.gov/milestones/1969-1976/oil-embargo)
5
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While almost 40% of the total energy-related greenhouse gas is produced by thermal generators
(electricity and other uses), the world electricity market has been continuously growing due to
the emerging economies of countries like India and China and the huge electricity demands in
rural Africa and Asia. The OECD counties, which represented 43% of the world electricity
generation in 2017 and are typically equipped with energy security and climate change
supportive policy instruments and financial incentive mechanisms, notably the feed-in-tariff,
have been promoting renewable systems for improving their energy-mix (IEA, 2016b). The
non-OECD countries, which predominantly use biomass-based renewable energy sources
(70.1%) for cooking and heating, have been developing these technologies in off-grid modes
to increase electricity access in rural areas (IEA, 2016a). These off-grid mini-grids are
discussed in the next section.

Off-Grid Electrification
Almost 17% of the total world population (1.16 billion people), who live mostly in rural areas
of Africa and Asia, still do not have any access to electricity (IRENA, 2018). The conventional
rural electrification approach of extending national grids or diesel powered local mini-grids
were neither a sufficient nor cost-effective option for providing modern energy services to such
deprived communities, particularly those living in rural and remote areas of the developing
countries (Zomers, 2014). Scholars found that the generation and delivering cost of electricity
by centralized grid system is up to four times the cost of local renewable-based mini-grid
options. The levelised cost (LCOE) for grid-based electricity for the last 20% of the unconnected population is 47.5 cents/kWh. Whereas hydro and wind-based mini-grids can deliver
the same level of access at a levelised cost of 7.03 cents/kWh and 7.24 cents/kWh, respectively.
The high cost of grid electricity supply in those rural area is largely due to long transmission
and distribution networks, required to improve capacity and connect households (Bos, Chaplin,
& Mamun, 2018). Further, conventional electrification options produce high greenhouse gas
emission. Therefore, national utilities in most developing countries have been reluctant to
extend the central grid to rural areas, as supplying rural electricity has always been considered
expensive. A cross-subsidy6 mechanism is adopted by many countries to make such rural
electrification service affordable (Dornan, 2014). This is another discouraging factor for the
utilities to serve in rural areas. On the other hand, mini-grid systems are typically based on

The cross-subsidy provision unifies utilities’ tariff structure both in the urban and rural areas assuming that the
losses they make in those rural areas will be compensated by profits they get from the urban customers.
6
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locally available renewable sources. Similarly, they are situated near to the beneficiaries, thus
avoiding transmission and distribution costs (Rojas-Zerpa & Yusta, 2014).
Off-grid energy services are often more economic rural electrification propositions and offer
greater promise to the developing world. Most of these systems are installed locally,
independent of the central grid, and, thus suitable for poor rural families. More importantly,
being environmentally friendly and cleaner, RE-based off-grid systems have been linked with
the global agenda of poverty reduction, sustainable development and minimising climate
change. However, few mini-grids are found to be working sustainably. Households’ low ability
to pay, lack of institutional and policy frameworks, negative perception of the local population
about a local mini-grid and unexpected extension of the central grid into mini-grid areas are
some of the challenges to operating mini-grid systems over a long period (Peters, Sievert, &
Toman, 2019).
Moreover, long-term forecasting of energy demand is crucial for implementing reliable and
appropriate energy planning (Riva, Tognollo, Gardumi, & Colombo, 2018). Demand for
energy services in rural villages is influenced by many factors including : (i) distance from the
local grid and accessibility, (ii) demography of the remote areas, (iii) socio-cultural status of
the population, and (iv) economic status of the people living in that area (Dorji, Urmee, &
Jennings, 2012). However, a majority of these systems are generally promoted under a
program/project model without adequate policy support. More often, these programs are
focused on their short-term physical targets and outputs rather than long-term sustainability,
particularly overlooking after-sales service (Dornan, 2014).
Renewable energy-based mini-grid projects have the potential to make a contribution towards
sustainable development goals; yet, the penetration of these technologies is low and they often
fail to deliver a reliable service. The lack of private sector investments is believed to be one of
the reasons for low diffusion of local mini-grids (Blum, Wakeling, & Schmidt, 2013).
Uncertainty and likelihood of discontinuity of funding (Aguirre & Ibikunle, 2014), unplanned
central grid extension (Palit & Bandyopadhyay, 2016), and one-time subsidy (Dornan, 2014)
are believed to be some of the discouraging factors for participating private companies in this
sector (van Ruijven et al., 2012). Further, the electrification of rural areas is high risk and is
likely to produce a low return on investment. Therefore it is also a less attractive option for
private companies to invest in this sector.
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Numerous donor communities, development banks and UN organisations have collaborated
with many host countries for promotion and development of RE-based off-grid energy services
(Korkovelos, Zerriffi, & Howells, 2020; Palit & Bandyopadhyay, 2016; Shyu, 2014; Zomers,
2014). The United Nations’ sustainable development goals and the Sustainable Energy for All
(SE4ALL) initiatives have played an important role in increasing modern energy access
through these technologies (Shyu, 2014).
The off-grid systems are of typically two types: (i) stand-alone systems (e.g., solar home
systems) and (ii) local mini-grids (e.g., micro-hydro plants, diesel plants, solar hybrid systems).
The World Bank estimated that more than 19,000 mini-grids are now in operation and these
mini-grids have electrified approximately 47 million people globally at an investment cost of
USD 28 billion (ESMAP, 2019). About 85% of these mini-grids are located in Asian countries
including South Asia, East Asia and the Pacific islands. According to this report, 7,500
additional mini-grid projects are in the planning stages, and will provide electricity to another
27 million people in the near future. More interestingly, it is anticipated that 490 million people
will get access to electricity through similar mini-grids by 2030. To achieve this result, the
World Bank has estimated a total investment requirement of USD 220 billion (ESMAP, 2019).
These RE-based isolated mini-grids are becoming more feasible electrification options for three
main reasons: (i) low cost of production and delivery, (ii) innovation in renewables, and (iii)
favourable environment for development (ESMAP, 2019).
The first generation of small local grids have evolved to enable the creation of large central
grids. To achieve economies of scale, these local mini-grids were integrated to form central
grids7 (ESMAP, 2019). They are mostly owned by the government utilities. The secondgeneration mini-grids are isolated small-scale generators (below 1 MW capacity), which are
typically owned and managed by local communities. These schemes are powered by local
streams or diesel and the generated power is supplied to local households. A majority of these
second-generation mini-grids are constructed in low-income countries such as Afghanistan,
Nepal and Bangladesh. Recently more sophisticated solar-hybrid mini-grids have been
developed which are mostly owned and managed by private companies (ESMAP, 2019).
Off-grid renewable energy installation has increased rapidly recently. During the period (20082017), the installed capacity of RE-based off-grid systems increased from 2 GW to 6.5 GW.

7

The Alternative Current (AC) allows transmitting a bulk amount of power from one place to another by using
high voltage transmission lines.
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Asia has the highest deployment (66% of the total installed capacity and 57% of the served
population) of these services. Asia has also dominated the installation of hydropower based
mini-grid projects. During this period (2008-2017), the total installed capacity of hydropowerbased mini-grid projects (i.e. pico-hydro / micro-hydro) has more than doubled (Table 2.5) in
the region (IRENA, 2018).
In summary, the evidence demonstrates that the RE-based off-grid is cost-effective and the
most feasible rural electrification option in many developing countries. More than 133 million
people are currently connected to one of these off-grid systems (including solar PV) and more
than 490 million (60% of the new connection) are expected to be connected by 2030.
Hydropower-based mini-grids have been promoted predominantly in Asian countries. More
than half of the plants were constructed in the last decade.
Table 2.5: Off-grid rural electrification in Asia.

Descriptions
2008
Total population (million) benefitting 10
from RE-based off-grid energy services

2017
76

Remarks
7.6 fold

Total installed capacity of RE-based off- 1300
grid systems (MW)

4300

3.3 fold

Installed capacity of hydro-based mini- 60
grids (MW)

127

2.1 fold

Source: IRENA (2018)

Another important observation is that due to the associated risk and policy barriers, the private
sector is reluctant to participate in the installation of second generation mini-grid systems.
Therefore, a majority of these mini-grid systems are owned and managed by local communities.

2.2.5 Micro-hydro development in Nepal
Nepal’s energy sector is still dominated by traditional biomass sources. Hydropower is the only
source of electricity in the country. About 75% of the country’s population8 have electricity
access, among them about 25% are connected through off-grid electrification. A recent report
estimated that, of those with electricity access, about 20% are connected through micro-hydro
projects (ESMAP, 2019).

8

Nepal’s total population is 26.49 million (UNFPA,2017)
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Micro-hydro projects9 are popular in Nepal for providing electricity services to rural areas.
Since ancient times, people in the rural areas have built traditional water mills and used them
for processing agricultural products. Due to an abundant supply of water resources coupled
with favorable geographical conditions10, many villagers in Nepal have harnessed the power to
generate electricity (Pokharel, Chhetri, Khan, & Islam, 2008). The electricity produced from
such schemes is consumed locally for domestic lighting and powering small enterprises.
Although the Nepalese micro-hydro sector has a development history of more than 50 years
(Ghale, Shrestha, & Delucia, 2000), there has been a growing realisation of the importance of
such decentralised energy services in the last two decades. A development history of Nepal’s
micro-hydropower sector is summarised below in Figure 2.3 (IFC/WB, 2014).
The Nepalese government established the Alternative Energy Promotion Centre (AEPC) in
1996 to promote and execute renewable energy programs in the country (ESMAP, 2019;
Mainali & Silveira, 2012). In the same year, UNDP funded the Rural Energy Development
Program (REDP) that implemented community-based micro-hydro projects in several districts.
These demonstration projects were later widely replicated in other parts of the country. In 1999,
AEPC implemented the Energy Sector Assistance Program (ESAP) with technical and subsidy
support from Denmark and Norway. The Nepalese government introduced the Renewable
Energy Subsidy Policy in 2000, which was revised in 2009, 2013 and 2018 (Bhattarai,
Somanathan, & Nepal, 2018). In 2012, the government and the external development partners
(Denmark, Norway, UNDP, DfID, GIZ, KfW, World Bank, ADB, SNV, etc.) formulated a
single National Rural and Renewable Energy program (NRREP). Besides AEPC, other
organisations like the Annapurna11 Conservation Area Program (ACAP) and the Kadoorie
Agriculture Aid Association (KAAA) are also directly involved in the promotion of these
micro-hydro projects in some specific areas (Gurung, Ghimeray, & Hassan, 2012).
By 2014, more than 1,000 such micro-hydro projects with a total capacity of over 30,000 kW
had been constructed across the country and about 360,000 families are connected to such

9

In Nepal, the hydro power plants with installed capacity up to 100 kW are defined as micro-hydro projects
(Pokharel, et al., 2008).
Approximately 80% of country’s topography is hilly and more than 6,000 rivers and rivulets flow south from
the North Mountains towards the plains (Pokharel, et al., 2008).
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“Annapurna Conservation Area Project (ACAP) has implemented MHP schemes as key component of its
conservation program with the objective of reducing the consumption of firewood by providing affordable
electricity”(Gurung et al.,2012)
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electricity services (ESMAP, 2019; Ghimire & Kim, 2018).

Supply chain of Nepal’s micro-hydro sector
The supply chain of Nepal’s micro-hydro industry (Figure 2.4) is fairly mature. Qualified
engineering firms conduct detailed feasibility studies of these projects. Those feasible projects
that meet the AEPC criteria12 (i.e. technical and financial) can apply for a subsidy. The country
has enough capacity to manufacture and install most of the micro-hydro components. On behalf
of local communities, AEPC supervises the project construction work and disburses the
approved subsidy as these projects progress.

12

The technical review committee (TRC) of AEPC reviews these projects and recommend for the subsidy.
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First MHP in Nepal -1962
Starting technical support
from UMN, ITDG, GIZ,
Swiss, etc.

1960s




ADB/N
ACAP
AEPC
ESAP
GIZ
ITDG
KAAA
MHP
NRREP
PAF
REDP
RADC
UMN




Establishment of AEPC1996
Implementation of REDP
(1996-2012)
RADC support

1970-1980s

1990s

Establishment of Small Hydropower
Development Board-SHDB- standalone
mini hydropower in district headquarters
ADB/N introduced incentive for MHP
of up to 75% of the electrical equipment
for rural electrification in 1981.



NRREP/ AEPC
(single
programmatic
approach for RE
sector in Nepal).

2000-2010





2012-2020

ESAP I (1999-2007)
ESAP II ( 2007-2012)
NGOs : ACAP, KAAA,
and PAF

- Agriculture Development Bank of Nepal
- Annapurna Conservation Area Program
-Alternative Energy Promotion Centre
-Energy Sector Assistant Program
- German Development Cooperation
- Intermediate Technology Development Group
- Kadoorie Agriculture Aid Association
- Micro Hydro Project
-National Rural and Renewable Energy Program
- Poverty Alleviation Fund
- Rural Energy Development Program
- Rural Area Development Centre
- United Mission to Nepal
Adapted from IFC/WB (2014)

Figure 2.3: Development of Nepal’s micro-hydropower sector

After the testing and commissioning of the project by the installation company, local
communities recruit a technical team for the day-to-day operation of these plants. AEPC
organises tailor-made training programs for plant operators and managers. The installation
company provides one year free service and warranty support for most of the equipment. The
executive committee, which is elected by local communities, is responsible for fixing the tariff,
billing and revenue collection, and payment of bills associated with operation and maintenance
works (AEPC, 2014, 2018, IFC, 2016).
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Figure 2.4: Supply chain of the micro-hydro industry in Nepal
Adopted from IFC/WB (2014)

Cost of micro-hydro mini-grids
Micro-hydro is the most feasible and cost effective option for rural electrification in the hilly
and mountainous regions of Nepal. Upfront average investment costs of a typical micro-hydro
project decrease with increases in installed capacity. It is estimated that, the per kW cost of
investment of 20, 50 and 100 kW projects are 450,000, 425,000 and 400,000 Nepali Rupees13
respectively (ESMAP, 2019).
The World Bank recently analysed levelised cost of electricity generated by micro-hydro
projects and other similar alternatives (Table 2.6) (ESMAP, 2019). The financial analysis
demonstrated that solar PV or diesel based mini-grids are on average more than twice the cost
of hydro-based mini-grids for the same level of service. Although, these micro-hydro projects
are getting a subsidy from the government, the economic benefit that these mini-grids provides
is more than three times the total investment and operating costs. This means that for every
dollar of investment (capital and operation) in a micro-hydro project, local communities receive
economic benefits equivalent to three dollars.
The cost-analysis data clearly support the fact that, for the most part, micro-hydro projects are
the most feasible rural electrification option in Nepal.

13
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Table 2.6: Levelised cost of mini-grid electricity from different technologies

Mini-grid type
Micro-hydro project
Solar mini-grid
Diesel mini-grid

Specification
20 kW
42kWp (equivalent to 20
kW)
20 kW

Levelised Cost of Electricity (LCOE)
NRs 23.3 / kWh
NRs 55/ kWh
NRs 60.1/kWh

Source: ESMAP (2019)

2.2.6 Experiences of RE-based off-grid electrification projects
Benefits of RE-based off-grid systems
Small-scale electricity generation has become more popular in recent decades globally.
Declining cost of RE technologies, perceived socio-economic benefits of electricity in local
communities, environmentally friendly energy sources and socio-politics have contributed
significantly to the promotion of these off-grid electrification projects universally (Mandelli et
al., 2016). As already noted, developing countries have adopted these small-scale RE systems
as a mainstream rural electrification option to increase electricity access. As indicated in the
following discussion, the benefits of off-grid RE electrification services in developing
countries are well recognised in the literature. Among them, energy access, economic and wellbeing of rural people, and emission reduction are widely acknowledged benefits of these offgrid systems.
The contribution of RE-based off-grid systems towards achieving the global target of universal
access to electricity by 2030 has been well recognised (Engelken, Römer, Drescher, Welpe, &
Picot, 2016; Narula et al., 2012; Urmee & Md, 2016). Across the world, many people have
directly benefitted from the off-grid energy services (e.g. solar lights, solar PV and mini-grids,
hydropower, biogas mini-grids lights); increasing more than sixfold between 2011 and 2016,
and reaching 133 million (IRENA, 2019). A 100 million people are now using solar lights (e.g.,
solar lantern), 24 million people have installed solar home systems and a remaining nine
million people have been connected to local mini-grids (IRENA, 2019).
Modern energy sources, electricity in particular, enable a number of economic activities and a
range of basic services at a local level (Dornan, 2014). Studies suggest that electricity is a
critical pre-condition for the development of the productive sector (enterprise/industry), the
commercial sector (hotel, tourism) and the service sectors (health, education) (Lahimer et al.,
2013; Legros et al., 2011; Urmee et al., 2009; Zahnd & Kimber, 2009). Productive use of
electricity in rural areas is therefore considered to be a significant driver of economic growth
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and social progress (Banerjee, Singh, & Samad, 2011; Legros et al., 2011). A reliable electricity
service helps to strengthen the creation and upgrading of value chains, diversify local economic
structure and livelihoods, reinforce resilience in rural settings, and enhance commercial
viability of the infrastructure. Finally, the off-grid generators (decentralised renewable energy
projects) help to create local employment opportunities and facilitate the use of local resources
in a more sustainable manner. Another important economic advantage of deploying an off-grid
energy service is lower delivery costs. Reports suggest that the delivery cost of on-grid
electricity is up to 10 times higher compared to local mini-grids for the same level of service
(Luthra, Kumar, Garg, & Haleem, 2015; Mandelli et al., 2016; Narula et al., 2012).
Well-being and quality of life in rural areas is improved after electricity services are provided
(Bhattacharyya, 2012; Lahimer et al., 2013; Yadoo & Cruickshank, 2012). Bhattacharyya
(2012) described a positive relationship between energy access and higher income. Lahimer et
al. (2012) claimed that electricity reduces energy and welfare poverty, improves health
services, supports better education facilities and helps to minimise the discrepancy between the
urban and rural people. Yadoo et al. (2012) highlighted benefits of micro-hydro projects in
rural settings. These local mini-grids can supply uninterrupted power for 24-hour electricity
and local communities can therefore use a wide range of appliances and equipment. As with
the central grid, these local mini-grids can power telecommunication towers, water lifting
projects and cable cars. Another important advantage of these RE-based off-grids reported in
the literature reviewed was the creation of local employment opportunities by these services.
Experience shows that off-grid rural electrification, has not only brought positive results and
success to the neediest of people; it has contributed significantly to livelihood enhancements
and greenhouse gas reduction. These services significantly contribute to a reduction of indoor
air pollution. The electricity from these off-grid systems (e.g., micro-hydro) replaces existing
diesel generators, powers new or existing agro-processing mills and significantly reduces
kerosene uses in the villages (Bauen, 2006; Belmonte et al., 2015; Chmiel & Bhattacharyya,
2015). The ESMAP impact study on Nepal’s micro-hydro projects estimated that these minigrids saved about 10 million kg of CO2e in the year 2010 by replacing kerosene and diesel
(Banerjee, Singh, & Samad, 2011).
In summary, RE-based off-grid electrification has contributed in four key areas: (i) access to a
modern energy source (i.e. electricity), (ii) local economic development, (iii) well-being of
local people, and (iv) an improved local and global environment.

[30]

Issues of off-grid RE electrification services
Off-grid electrification was first initiated almost 30 years ago, however it is still an emerging
market. Scholars have studied various RE-based off-grid electrification initiatives and
identified several shortfalls both in the planning and operation of these technologies. As
presented in Table 2.7, there is a large volume of published studies describing the issues
identified. For example, unrealistic project sizing, lack of coordination, daily operation and
maintenance problems, untrained technicians, lack of management capabilities and limited
post-installation support. They are broadly categorised into four groups (i) policy issues, (ii)
design issues, (iii) technical issues, and (iv) management issues.
While RE-based off-grid systems are the best alternative option for rural electrification in many
developing countries, performance results of these services are found to be different from one
project to another. These systems are generally promoted under a program/project model and
supported for a certain period with specific donor support strategies. More often, these
programs are focused on their short-term physical targets and outputs rather than long-term
sustainability, particularly overlooking after-sales services (Dornan, 2014).
Table 2.7: Key operational issues of RE-based off-grid electrification projects

Aguirre & Ibikunle (2014)
Palit & Bandyopadhyay (2016)
Urmee & Md (2016)
Luthra et al. (2015)
van Ruijven et al. (2012)
Engelken et al. (2016)
Peters and Sievert (2018
Tamir et al. (2015)
Murni et al. (2013)
Guinot et al. (2015)
Blodgett et al. (2017)
Dornan (2014)
Engelken et al. (2016)
Klunne and Michael (2010)
Lahimer et al. (2013)
Nepal (2012)
Palit & Chaurey (2011)
Lillo et at. (2015)

Policy
issues







Design
issues

Technical
issues

Management
issues


























Source: Reviewed literature

A lack of coordination among the rural electrification entities at a local level is another
prominent issue in off-grid electrification sector development. Palit and Bandyopadhayay
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(2016) reviewed different rural electrification practices in South Asian counties and found that
various institutions are working in the sector without adequate level of coordination. As a
result, many off-grid energy services (especially micro-hydro projects) are adversely affected
and even replaced in Nepal and India by unplanned extensions of the central grids.
A lack of proper planning and suitable choice of technology (i.e. grid or off-grid) is another
common issue in off-grid electrification sector development. Technical feasibility and financial
viability should be considered in making decision whether to extend central grid or install offgrid energy system (Rahman, Paatero, & Lahdelma, 2013). Rahman et al. (2013) estimate
levelised cost of electricity for various electrification options and claimed that such estimates
provide a strong basis for the decision makers in choosing suitable rural electrification options.
However, many government utilities expand their electricity networks without any such plans.
The current literature on the operational issues of these off-grid systems pays attention to sizing
of projects (i.e. installed capacity) and load optimisation (forecast of load demand)(Blodgett,
Dauenhauer, Louie, & Kickham, 2017; Engelken et al., 2016; Hafez & Bhattacharya, 2012;
Peters, Sievert, & Toman, 2018). Peters et al. (2018) pointed out that high demand projections
at the planning phase and low electricity consumption during the operation created a financial
challenge. Similarly, Blodgett et al. (2017) compared actual and predicted electricity demand
in eight mini-grid projects in Kenya and found that the actual daily energy consumption
(117Wh/day) was about four times lower than the predicted demand (470Wh/day). Hafez et
al. (2016) stressed for two factors to be considered while designing these projects: (i) optimal
installed capacity and (ii) effective operational procedures. They also claim that some project
designers tend to be over-optimistic at the planning phase to make these projects commercially
viable. To discourage such practices, Engelken et al. (2016) suggest focusing on economic
benefits rather than financial costs in the process of off-grid project design. This could be one
of the reasons, most of the over-sizing mini-grid projects are not able to recover their capital
costs and operational expenses.
In contrast to the over-sizing issues, there are some other communities who suffer from limited
power availability in their villages. During the planning phase of such mini-grid projects, local
communities tend to meet their present electricity need (Müller, Thompson, & Gadgil, 2018).
They attempted to closely examine the demand pattern in Nepal’s off-grid micro-hydro
communities and found that the demand for electricity and project size of micro-hydro projects
remain the same throughout their life. This is because the average electricity demand of local
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households is multiplied by the number of households to be electrified in the village to
determine the project size. Due to the fixed project size, local people can’t increase their
demand regardless of their economic status.
Reliable supply of electricity in the off-grid electrification areas is a challenging job. There are
a number of published works that emphasise the day-to-day operational issues of such off-grid
energy plants (Klunne & Michael, 2010; Lahimer et al., 2013; Luthra et al., 2015; van Ruijven
et al., 2012). Key technical issues namely: (i) low-quality equipment/infrastructure, (ii) lack of
skilled human resources, and (iii) poor system operation and maintenance are frequently
reported in the extant literature (Engelken et al., 2016; Murni, Whale, Urmee, Davis, & Harries,
2013). Low-quality equipment is typically associated with economising on upfront investment
costs. Large upfront investment costs often lead to project developers compromising on the
quality of work (e.g., earthen canal, wooden poles) and equipment (e.g., wire size).
Lack of management capacity of local communities along with inadequate trained staff further
challenge the day-to-day operation of such off-grid energy projects. Murni et al. (2013)
evaluated the performance of micro-hydro projects in Malaysia and found that lack of unskilled
operators and low power output among many others factors hinder a reliable power supply in
those villages. Lahimer et al. (2013) observed similar issues including lack of trained
technicians, high payment defaults, low paying capacity of local people, and lack of
affordability for maintenance of energy systems. Engelken et al. (2016) discovered that there
is inadequate management skills and lack of support for enterprise development in the off-grid
serving areas. High payment default is another critical issue in such community-managed minigrid projects (Peters et al., 2019).
To summarise, there are frequently recorded issues and characteristics of off-grid rural
electrification services in the extant literature (see the literature in Table 2.7). The issues are
summarised below in Table 2.8.

Suggested guidelines for sustainable operation of off-grid energy systems
While off-grid renewable energy technologies (RETs) can have substantial benefits for rural
families and communities, experience suggests that their functionality is often problematic.
Scholars have discussed several operational issues of RE-based off-grid electrification services
(Table 2.9) and provided guidelines to overcome these challenges.
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Table 2.8: Key issues of RE-based off-grid rural electrification services

Main issues
1. Policy issues

Description
Uncertainty, dependency on donor funds, one-time subsidy, lack
of credit facilities, lack of post-installation support, un-planned
grid extension.

2. Design issues

Over-optimistic demand prediction, unrealistic equipment sizing,
unreliable design parameters (e.g., water flow).

3. Technical issues

Unskilled operators and managers, unreliable power supply, lack
of scheduled maintenance, lack of after sales service, inadequate
spare-parts, remoteness, low quality equipment, low plant factor.

4. Management issues

Lack of management capacity, lack of management strategies,
lack of market, lack of credit facilities, lack of information and
irregular tariff collection.

5.
Source: literature reviewed and discussed in the text.

The guidelines are primarily related to (i) policy, (ii) project planning and design, and (iii)
implementation of activities. Scholars stress the need for a long-term policy rather than shortterm projects to increase the diffusion of the off-grid technologies in a more sustainable
manner. Darnan (2014) examined off-grid electrification practices in the Pacific Islands and
recommends a policy framework that enables the private sector to participate in the off-grid
energy business. They suggest the use of output based subsidies rather than providing one-time
upfront investment support. Bhattacharyya and Palit (2016) carried out action research in four
off-grid projects in India and recommends 10 policy guidelines for the betterment of off-grid
services. Their main argument was “one size does not fit all”, meaning technology and business
models need to be selected carefully to suit local conditions. A provision of financial incentives
and subsidies (Dornan, 2014), imposition a carbon tax to obtain funds to finance the subsidies
(Klunne & Michael, 2010) are other recommendations to be included in such a policy.
Other scholars stress for more realistic project planning and designing and effective
implementation of activities. Urmee and Md (2016) emphasises the need for a strategy which
incorporates local political, social and cultural issues while designing these off-grid energy
projects in rural villages. Establishing awareness, strengthening technical skills and
management capabilities are other highly recommended guidelines for sustainable operation of
off-grid energy services (Liao, Ou, Lo, Chiueh, & Yu, 2011; Yadoo & Cruickshank, 2012).
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Table 2.9 : Guidelines for sustainable operation of RE-based off-grid energy systems

Bhattacharyya & Palit (2016)
Dornan (2014)
Urmee et al. (2009)
Liao, et al. (2011)
Engelken et al. (2016)
Klunne & Michael (2010)
van Ruijven et al. (2012)
Hafez & Bhattacharya (2012)
Yadoo & Cruickshank (2012)
Suberu et al. (2013)

Policy
guidelines



Planning and
design guidelines



Implementation
guidelines















Source: Reviewed literature

Post-installation support is another critical area, to be considered while designing an off-grid
project. Electricity is a highly technical subject and it requires skilled technicians and qualified
managers to operate and manage these services effectively. Therefore, the provision of postinstallation support is essential and necessities incorporation in the planning phase (van
Ruijven et al., 2012). A list of suggested guidelines for more sustainable operation of RE-based
off-grid energy systems is presented in Table 2.10.
Table 2.10 : Guidelines for sustainable operation of RE-based off-grid energy systems

Policy guidelines:

Suggested policies/guidelines
Clear policy and long-term government commitment.
Output-based subsidies.
Provision of carbon tax for regenerating funds.
Institutional, technical and regulatory frameworks.
Private sector attractiveness.
Innovative financing mechanisms.

Design
guidelines:

Optimal design and sizing.
Consideration of economic benefits and cost of power delivery
(transmission).
Large reserve capacity and realistic demand forecast.
Assessment of community attitudes and their needs.

Implementation
guidelines:

Planning from a management aspect.
Awareness about renewable energy mini-grids.
Use of different business models.
Proper tariff and billing.
Linkage with local economic activities.
Capacity building.

Source: reviewed literature
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Functionality of RE-based off-grid electrification
Present functionality of RE-based off-grid plants in Nepal and other parts of the world is a
major concern among the stakeholders as many of plants have been found to be unsustainable
in terms of performance, service delivery and/or revenue generation. Many of these isolated
energy services fail to deliver reliable electricity and shutdown much earlier than their
predicted economic life-span.
Experience from different parts of world (Aguirre & Ibikunle, 2014; Dornan, 2014; Lahimer
et al., 2013; Palit & Chaurey, 2011; Tamir et al., 2015; van Ruijven et al., 2012) and Nepal
(Banerjee, Singh, & Samad, 2011; SETM, 2014) evidenced that off-grid energy services are
not always successful. Dornan (2016) claimed that none of the off-grid projects funded by
governments and donor agencies are sustainable in the Pacific Islands. Tamir et al. (2015)
reviewed 12 off-grid projects in Mongolia and concluded that most of these projects were
unsuccessful in delivering reliable energy services.
In Nepal, studies have found that many of these micro-hydro projects are not successful in
providing a reliable electric service in the villages. However, a majority of scientific papers on
this issue from Nepal mostly focus on adaptation issues (Ghimire & Kim, 2018; Maskey,
Bhandari, Adhikary, Dahal, & Shrestha, 2012; Nepal, 2012) and impact assessment (Banerjee,
Singh, & Samad, 2011b) without a detailed account of their functionality. Banerjee et al.
(2011) stressed the need for quality and reliable electricity supply to maximise the benefits of
electrification in the rural communities. Another study conducted by the UNDP Nepal on the
overall performance of community-managed micro-hydro schemes, revealed that about 20%
of projects were shut down due to technical problems and many others were only partly
operational. This study, that thoroughly evaluated 60 micro-hydro projects, found that a
majority of the studied projects were at risk (i.e. technically and financially) and could be
closed anytime (SETM, 2014).
However, there are quite a number of successful off-grid projects that significantly contribute
to local economic development in Nepal (Chmiel & Bhattacharyya, 2015; Zahnd & Kimber,
2009). At least two studies have evaluated few micro-hydro projects and found satisfactory
performances of the studied projects (Bhandari et al., 2018; Chhetri, Pokharel, & Islam, 2009).
Under the same supporting mechanism, some projects are performing excellently, but many
others are failing to do so. The past experience of the RE-based off-grid rural electrification
clearly indicates that, under similar policies and implementation modalities, the performance
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of these projects differ (Aguirre & Ibikunle, 2014; Bhattacharyya & Palit, 2016; van Ruijven
et al., 2012). Scholars further elaborated that this phenomenon is a result of different local
conditions (e.g., economic status, resource availability, knowledge) and varied project
attributes (e.g. technology, tariff, ownership). Uncertainties around these off-grid
projects/programs like discontinuity of subsidies and project-based technical support and
general negative perception of local people about these technologies are believed to be other
driving factors for these failures (Aguirre & Ibikunle, 2014; van Ruijven et al., 2012).
Such evidence suggest that RE-based off-grid projects are diverse in nature (e.g. different
management, socio-economic conditions), and thus hold different characteristics. Further,
there are various external factors (e.g., post-installation support, grid extension) which also
influence these projects. What remains unclear at this stage, however, is how different project
characteristics (i.e. design, operation, maintenance, etc.) and external factors interact with each
other and finally drive the overall performance of these off-grid energy services?

2.2.7 Management of RE-based off-grid energy projects
A majority of RE-based off-grid energy services, electrification particularly, are owned and
managed by local communities. Scholars emphasise the importance of management capacity
for effective operation and maintenance of these projects in rural areas (Ahmad & Abu Talib,
2016; Lillo, Ferrer-Martí, Boni, & Fernández-Baldor, 2015; Palit & Chaurey, 2011; Suberu,
Mustafa, Bashir, Muhamad, & Mokhtar, 2013; Yadoo & Cruickshank, 2012; Yadoo, Gormally,
& Cruickshank, 2011). Yadoo et al. (2011) compare management practices of off-grid energy
projects in Nepal and the UK and stressed the importance of engaging local people in the
project planning process. Similarly, Yadoo et al. (2012) analysed three off-grid electrification
projects from Nepal, Peru and Kenya and found that local community mobilisation helps to
promote productive uses of electricity in their villages. Further, Suberu et al. (2013) carried
out a study in South African countries and identified a need to engage local communities in the
decision making process of local energy projects, particularly in the prioritisation of local
energy resources and preparation of strategies for meeting their energy demand. Palit and
Chaurey (2011) support these management requirements and stress the need for external
support in facilitating the planning process and helping local communities. Lillo et al. (2015)
evaluated management practices of five off-grid electrification projects in Peru, and argue that
a good management model can facilitate transforming living conditions of local people after
the introduction of electricity in their villages. Ahmed et al. (2016) studied engagement of
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communities in local development projects. They evaluated relationships between sense of
community, community empowerment and sustainability in the context of such local projects.
The regression analysis results demonstrate a positive association between community
empowerment and project sustainability. Further, a sense of community was found to be
positively correlated with both the community empowerment and project sustainability.
In summary, scholars have stressed the need for proper institutional arrangements and
management skills for sustainable operation of RE-based off-grid electrification services. Good
management in such off-grid projects can deliver two important outcomes: (i) a reliable
electricity service, and (ii) improvement of people’s life through electricity access (facilitation
in the transition process). The importance of engaging local people in every step of project
development was explicitly highlighted in the literature reviewed.

2.2.8 Section summary
The critical role of affordable and reliable electricity as a driver of economic development and
well-being of people is widely recognised. An endogenous theory of growth explicitly
recognises energy, as one of the three factors: capital, labour and useful work (product of
energy and efficiency), in a production function. Similarly, an association between per capita
electricity consumption and well-being of people (i.e. human development index) is also
evidenced by the literature reviewed.
Electricity is the most convenient form for transmitting energy. The demand for electricity is
continuously increasing due to industrialisation and economic development. Yet, 1.16 billion
people (16% of the world population), mostly from Asia and Africa, live without any electricity
services. Because of the low delivery cost of off-grid electricity and emerging trend towards
low-carbon energy policies, RE-based off-grid services are becoming a more feasible option
for rural electrification. Furthermore, declining costs of these new off-grid technologies present
them as a more realistic option. These off-grid systems are providing basic electricity services
and also facilitating local economic activities and wellbeing of rural people in the developing
countries.
Despite the potential, scholars have identified a number of issues of RE-based off-grid
electrification services both in the design and operational phases. Project sizing and demand
estimation, reliable power supply, daily plant operation, maintenance fund, tariff setting and
bill collection are among the key challenges experienced in these projects. Lack of technical
skills, management capabilities and spare-parts are some other important challenges.
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These challenges are so great that functionality of many RE-based off-grid systems in Nepal
and other parts of the world is a major concern. Many of these off-grid systems have been
found to be unsustainable in terms of performance, service delivery and/or revenue generation.
These rural energy services are generally promoted under a program/project model and
supported for a certain time period with specific donor support strategies. Often these programs
are focused on short-term physical targets and outputs rather than long-term sustainability,
particularly overlooking after sales service. As a result, some of these systems shut down much
earlier than their economic lifetime. Due to the diverse nature of communities and other socioeconomic conditions, experiences from Nepal and other countries showed that the off-grid
energy projects implemented under essentially the same policy and implementation modalities
are to be found performing differently.
The current literature on the RE-based off-grid projects emphasises the need for management
capability in local communities to effectively operate these plants. A well-managed local
energy service can deliver a reliable power supply in the village and also facilitates improving
the people’s lives. The improved paying capacity and increased demand of local communities
result in increased electricity sales revenue, and this further improves their institutional
capacity.
Experience shows that RE-based off-grid rural electrification projects perform differently.
These projects are managed by diverse communities, and thus hold different attributes. In turn,
these project attributes interact with various external factors and drive performance.

2.3 Sustainability of Off-Grid Energy Services
2.3.1 Introduction
The previous section described various aspects of RE-based off-grid energy systems, including
the market, the benefits these services have brought to local communities, operational issues,
suggested policies and guidelines and current functional status. This section covers the concept
of sustainability, sustainability performance evaluation criteria and existing knowledge on
sustainability assessment of RE-based off-grid electrification services. It begins with a concept
of sustainability and its pragmatic definition in the context of off-grid rural electrification.
Different dimensions of sustainability and corresponding indicators and their selection criteria
are discussed. Finally, the last part of this section summarises key observations of the literature
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reviewed on sustainability assessment of energy projects, particularly, the findings of ex-post
evaluations. Table 2.11 shows an outline of this section.
Table 2.11: Outline of Section 2.3

Sub-section
2.3.1
2.3.2
2.3.3
2.3.4
2.3.5
2.3.6

Headings
Introduction
Concept of sustainability
Sustainability dimensions, indicators and selection criteria
Sustainability assessment of off-grid energy projects
Conceptual framework for suitability off-grid energy projects
Section summary

2.3.2 Concept of sustainability
Sustainability is a broad discipline and viewed as a desired goal of development and ecosystem
management. Sustainable development, as defined by the World Commission on Environment
and Development (WCED) in 1987, is a pattern of resource use that meets the needs of the
present without compromising the ability of future generations to meet their own needs
(Salvado, Azevedo, Matias, & Ferreira, 2015). The concept of sustainable development
involves the balancing of economic growth and technological pathways with ecological
integrity, not only for now and here, but in the future and elsewhere (Brown & Sovacool, 2007;
Musango & Brent, 2011). Poverty eradication, changing unsustainable patterns of production
and consumption, and protection of ecosystems are the three overarching aims and form the
basis of the international political agenda on sustainable development (Chang et al., 2017). The
sustainability concept has encouraged the development of policies at both national and
international levels supporting sustainable energy systems. Such policy objectives aim for (i)
efficient production, distribution and use of energy resources in an equitable manner, (ii)
affordable access to energy, (iii) ensuring security of energy supply, and (iv) preserving
ecosystems (Doukas, Andreas, & Psarras, 2007).

2.3.3 Sustainability dimensions, indicators and selection criteria
In 1995, United Nations Department of Economic and Social Affairs (UNDESA), in response
to the decision of the United Nations Commission on Sustainable Development (CSD) in
implementing Chapter 40 of the Agenda 2114, developed 134 sustainability indicators for the
first time. The set of indicators were pilot-tested in 22 counties from 1996 to 2000. In 2001,
14
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the CSD indicator set was revised to 58 and adopted by many counties and international
organisations such as the World Bank and UN organisations. Again in 2005, the CSD indicator
set was revised to a core set of 50 indicators, which were from a larger set of 96 indicators of
sustainable development (UNDESA, 2007).
The CSD guidelines and frameworks were largely prepared to track the broader objective of
sustainable development at the country level. Consistent with the CSD framework, the
International Atomic Energy Agency (IAEA) for the first time developed a separate set of
energy indicators for sustainable development (EISD) to assess the effect of energy uses on
health, society and the environment. These indicators were primarily useful for policy-makers
at a country-level in making decisions relating to choices of energy sources and related policies
and plans (IAEA, 2005). Similarly, the World Energy Council (WEC), which developed the
global energy sustainability index, use the same indicators in evaluating the impact of energy
policies of different countries.
Three dimensions of sustainability: (i) economic, (ii) social and (iii) environmental are
commonly used in all types of sustainability assessments (Evans, Strezov, & Evans, 2009; Liu,
2014; Musango & Brent, 2011; Wang, Jing, Zhang, & Zhao, 2009). Scholars have also
considered two additional dimensions namely technical and institutional in the sustainability
assessment of off-grid electrification services (Ilskog, 2008b; Mainali, Pachauri, Rao, &
Silveira, 2014; Mainali & Silveira, 2015; Terrapon-Pfaff, Dienst, König, & Ortiz, 2014).
Mainali et al. (2015) argued that technical issues like supply reliability, efficiency (plant
factor), quality of electricity and local capacity to manage such issues are critically important
for sustainability performance assessment. Therefore, these additional dimensions (i.e.
technical, institutional) are important in the assessment of off-grid energy projects. A summary
description of all five sustainability dimensions is presented in Table 2.12.
As these dimensions are primarily unobservable concepts, scholars have assigned various
indicators for each of these dimensions to measure them for different purposes (Ilskog, 2008a,
2008b; Rosso, Bottero, Pomarico, La Ferlita, & Comino, 2014; Wang, Jing, Zhang, & Zhao,
2009). Ilskog (2008a) developed a method for in-depth evaluation of RE-based off-grid
electrification projects and included 39 indicators across five sustainability dimensions.
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Table 2.12 : Sustainability dimensions and conditions

Dimensions
Social

Key evaluation criteria and conditions
Improvement of life in communities and a process within communities
that can achieve this condition. E.g., quality of life, employment
opportunities, access to modern energy sources, social acceptance of
technologies.
Economic
Efficient use of resources to achieve a return on investment. A condition
where capital is preserved intact. E.g., investment, cost effectiveness,
efficiency, profitability.
Environmental A condition that ensure resources and services for current and future
generations to be met without compromising the health of ecosystem that
provided them. E.g., low impact on environment, environmental
awareness.
Technical
Meeting present and future needs reliably, efficiently and by using clean
and renewable sources. E.g., Reliable power supply, efficiency in
generation and distribution, comply with safety requirement.
Institutional
A condition where local institutions effectively manage energy projects,
consumers get reliable service and investors are protected. E.g., Financial
governance, security of supply, skilled staff.
Source: (Bhattacharyya, 2012; Gallego Carrera & Mack, 2010; Salvado et al., 2015)

To demonstrate how these indicators help to measure different sustainability dimensions,
Ilskog and Kjellström (2008) evaluated seven rural electrification projects in Eastern and
Southern Africa. Subsequent studies (Liu, 2014; Mainali & Silveira, 2015; Musango & Brent,
2011; Rosso et al., 2014; Wang et al., 2009) have employed these and additional indicators in
ex-ante and ex-post evaluations assessing various off-grid energy projects. The most frequently
used indicators in the extant literature are presented in Table 2.13.
Cumulatively, more than 100 sustainability indicators are now available in the extant literature.
Given the volume of indicators available, there have been attempts to develop criteria for a few
of the most relevant indicators for a specific technology or projects (Brent & Rogers, 2010;
Ilskog, 2008b; Liu, 2014; Maxim, 2014; Singh, Murty, Gupta, & Dikshit, 2009; Wang et al.,
2009). Some of the commonly used criteria for selection of the indicators include (i) simple,
(ii) comprehensive, (iii) measurable, (iv) comparable and (v) independent.

2.3.4 Sustainability assessment of off-grid energy projects
A body of literature on sustainability of off-grid energy projects covers ex-ante evaluations.
Mandelli et al. (2014) reviewed 350 papers on RE-based off-grid systems, published from 2004
to 2014, and noted that the topic has received more attention in recent years.
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Table 2.13: Indicators for sustainability assessment of off-grid energy projects

Economic
Levelised
cost

Social
Universal
access

Environmental
GHG emission
reduction

Technical
Reliability of
system

Institutional
Capacity
strengthening

Profitability

Employment
opportunity

Substitution of
fossil fuels

Technical losses

Inclusiveness

Sales revenue Acceptance of
technology

Awareness of
environmental
issues

Load
compatibility

Financial
transparency

Share of sales Electricity in
revenue by
social
business
institutions

Land use /
degradation

Safety
procedures

Ownership and
responsibility

Plant factor

Functional impact
on landscape

Technical client
relation issues

Low payment
defaults

Reduction in
workload

Source: Ilskog (2008b); Gang Liu (2014); Mainali & Silveira (2015); Musango & Brent, (2011); Rosso et al.
(2014); Wang et al. (2009)

Among them, ex-ante multi-criteria decision analysis (MCDA) has been extensively used
(Cavallaro & Ciraolo, 2005; Evans et al., 2009; Maxim, 2014; Rosso et al., 2014; Wang et al.,
2009). For example, Cavallaro et al. (2005) used this evaluation method in the selection of 150
kW wind turbine in Italy. Wang et al. (2009) discussed various steps of MCDA (i.e. selection,
weighting, evaluating and aggregating) in the evaluation of energy projects by employing four
sustainability dimensions and corresponding indicators. Evans et al. (2009) employed various
sustainability indicators in the life-cycle cost analysis of four renewable energy technologies
and found that a wind turbine system was the most suitable option, followed by hydropower,
solar PV and then geothermal. Maxim (2013) obtained data from 62 academics of the relevant
field and completed a similar analysis. In his results, large-scale hydropower was found to be
the most cost-effective option. Rosso et al. (2014) included various sustainability indicators in
their “Multicriteria Evaluation and Stakeholders Analysis” for evaluating hydropower projects
in Italy.
However, there have been fewer ex-post evaluations of operational RE-based off-grid system
using sustainability assessment methods. The existing literature on the ex-post studies has
involved situation analysis (Chmiel & Bhattacharyya, 2015; Carrera & Mack, 2010),
comparative studies (Ilskog & Kjellström, 2008; Lillo, Ferrer-Martí, Boni, et al., 2015; Lillo,
Ferrer-Martí, Fernández-Baldor, & Ramírez, 2015; Mainali, 2014; Maxim, 2014), case studies
(Brent & Rogers, 2010; Klunne & Michael, 2010), analysis of adaptation issues (Shi, Liu, &
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Yao, 2016; Yadoo & Cruickshank, 2012), assessments of users’ preference (Hong & Abe,
2012; Hong, Abe, Baclay & Arciaga, 2015) and action research (Bhattacharyya & Palit, 2016).
There are a few studies on operational micro-hydro projects (Bhandari et al., 2018; Chhetri et
al., 2009) and that have employed sustainability indicators.
A majority of the current ex-post evaluations of off-grid energy system using sustainability
indicators involved comparing various renewable energy options at various levels. Ilskog and
Kjellström (2008) employed 31 sustainability indicators to evaluate performance of rural
electrification programs managed by seven different organisations including private
companies, cooperatives and government utilities. The authors scored for each indicator (in 1
to 7 scale) and aggregated these values to obtain a final score for each project. Based on these
measurements, the authors compared the studied projects and found that after-sales services
and other client-related issues were more effective in those projects managed by private and
community organisations than in publicly-managed projects. Further, Brent and Rogers (2010)
developed a sustainability assessment framework to evaluate a hybrid off-grid energy project
in South Africa. The authors estimated various costs of these off-grid technologies and
compared the study results with the national sustainable development framework. They found
that the off-grid system was not viable option. It was a single case study and the key elements
of the low performance were not discussed. Similarly, Mainali et al. (2014) employed 13
sustainability indicators in their principle component analysis to compare the energy
sustainability index (ESI) of six countries (Bangladesh, China, Ghana, India, South Africa and
Sri-Lanka,). The authors scored for each indicators and aggregated these measurement to
obtain the energy sustainability index. None of these assessments involved in examining the
operational issues of off-grid energy services. Further, they were empirically driven without
any theoretical frameworks.
Sustainability assessment of Nepal’s micro-hydro projects using these indicators is uncommon.
There are two studies that have been conducted in Nepal to evaluate performance of microhydro projects. Both studies were relied on a single case study. Most importantly, none of these
studies attempted to develop a theoretical model and identify key project attributes that may
affect the performance. Bhandari et al. (2018) developed a model using 54 indicators to score
four different dimensions of sustainability. They obtained measurements for each indicator
(scale: 1 to 5) and aggregated these values to estimate total score for each sustainability
dimension. The study found the highest score on the social dimension (4.17), followed by
environment (3.94), economic (3.74) and technical (3.04). Chettri et al. (2009) analysed various
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operational aspects of a single micro-hydro project without using these indicators. They
employed qualitative approach to estimate the social, economic and economic dimensions of
the project performance.
There are few other ex-post off-grid energy project assessments that have not used the standard
set of sustainability indicators. These empirical studies mostly used case studies methods.
Chmiel and Bhattacharyya (2015) evaluated the performance of a hybrid off-grid system
(micro-hydro, wind power and diesel plant) in the Isle of Eigg, Scotland. The authors used
“HOMER” to simulate the project based on survey data in assessing the existing design
parameters. The case study concluded with two major findings (i) off-grid systems can deliver
reliable electricity supply, and (ii) capital support is required to make such systems affordable.
Bhattacharyya and Palit (2016) monitored the performance of four demonstration off-grid
projects in India for five years. The action research identified a number of issues and delivered
10 boarder policy recommendations for sustainable operation of these services. Lillo et al.
(2015) employed human development approach to evaluate management models for six
different energy technologies (micro-hydro, solar PV, improved cook stoves, bio digesters,
solar thermal and trombe walls) in Pucara of Peru. Klunne et al. (2010) assessed sustainability
performance of three micro-hydro projects in Tanzania without using standard sets of
indicators. Based on the qualitative case studies, the authors concluded that all three projects
were found sustainable because of effective planning and an appropriate institutional
arrangement. Most of these studies analysed some level of operational issues and provided
recommendations for more sustainable operation of such off-grid energy systems. To some
extent, these studies attempted to evaluate the relationships between the project attributes and
sustainable performance.
Only a few scholars have attempted to evaluate relationships between the project attributes and
energy consumption behavior of local communities. However, the studies did not include full
project attributes or considered all the relevant indicators of the sustainability assessment. Hong
and Abe (2012) employed multiple correspondence analysis to examine relationships between
the users’ characteristics and electricity consumption behavior on the Filipino island of Panganan. The study found that higher consumption of energy was associated with better income
sources and education level. A similar study was conducted by Hong et al. (2015) in another
project location. The authors employed ordered logit regression analysis and found that
financial performance (e.g., income of families), technical performance (e.g., education level)
and willingness to pay were interlinked. These studies, however, did not elaborate how the
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consumption behavior helps to improve the sustainability performance of such off-grid
services.
In summary, most of the ex-ante and some ex-post evaluations employed a set of sustainability
indicators in assessing various off-grid energy projects for different purposes. Typically,
scholars measured these indicators through a survey or experts and aggregated them to obtain
a final sustainability index. Based on the index values, scholars compared various technologies,
business models or performance level. Only a few studies have attempted to evaluate the
relationships between the project attributes and sustainability performance. However, this
previous work has largely involved case studies of single projects and has not sought to use or
develop theoretical models to explain what drives sustainability more generally. More
conclusively, the characteristics of successful and sustainable projects, as well as the role of
project attributes and other external factors in achieving sustainability, is not well understood
in the current literature.
This previous work on ex post research of RE-based off-grid services is inadequate, and has
largely involved situation analysis, comparative studies, case studies and action research. It is
therefore, essential to develop a theoretical framework, which is replicable and can explain the
importance of particular project attributes or, more likely, how a combination of these attributes
fit together and why bundles of local management practices lead to sustainability. Therefore,
the research approach and methodology reported in this thesis is chosen to achieve such
outcomes. The final theoretical model not only validates the existing perceptions and
qualitative understanding on sustainability attributes, but can be used by many stakeholders of
different mini-grid projects.

2.3.5 Conceptual framework for sustainability of off-grid energy projects
A typical RE-based off-grid mini-grid can neither export excess power to other load centres
(i.e. households or enterprises) nor store15 the un-utilised energy. The power generated by such
a project has to match the local electricity demand (Müller et al., 2018). Therefore, these offgrid services have to survive within a limited economic boundary. Every off-grid energy
service is an independent entity and local villagers and small enterprises within the project
vicinity are the consumers of such distributed generators. Therefore, the sustainability of such
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inter-dependent off-grid energy services can’t be evaluated in isolation from their socioeconomic context. The sustainability of these projects both influences and is influenced by the
economic and social status of local people as well as the economic activities within the
communities.
Each RE-based off-grid system is owned and managed by a different community. Therefore,
these projects have different sets of characteristics. Each project has a different management
team equipped with a different set of operational guidelines and staff. As these projects are
established and operated under diverse socio-economic conditions, the performance outcomes
vary. However, the characteristics of successful and sustainable projects, as well as the role of
project attributes and external factors in achieving sustainability, is not well understood in the
current literature. Therefore, the research reported in this thesis was carried out to understand
these relationships between project characteristics, community attributes and sustainability
performance of off-grid energy projects, particularly, the micro-hydro projects constructed in
Nepal.
This phenomenon of influencing and being influenced by economic activities can be explained
as a virtuous circle. Different combinations of these project attributes interact differently and
can create a positive feedback loop (virtuous circle) within a project environment. A positive
contribution of these attributes and any exogenous factors to the virtuous circle leads towards
more sustainable performance outcomes. In the absence of such positive support, the projects
tend to eventually fail to supply basic energy services. Therefore, it is hypothesised that the
sustainability performance of off-grid mini-grids can be achieved by improving certain project
attributes at different stages of development and operation.
The inner circle of the diagram of Figure 2.5 represents an economic system of a typical offgrid renewable energy service being implemented in a community in the developing countries.
Some exogenous variables (i.e. project attributes) that may potentially influence the inner
system are presented outside the circle. For example, trained technical staff in the project can
contribute in achieving better technical performance. Similarly, a proper tariff rate help to
generate more revenue and local capacity supports to achieve improved management.

[47]

Figure 2.5: Economic system of a typical off-grid renewable energy service

The first theoretical model of this research is based on the reviewed literature (Figure 2.6).The
sustainability of a typical off-grid energy service (e.g. micro-hydro project) system is
hypothesised to depend on a number of critical aspects and their interactions. This model
demonstrates several attributes that may influence performance — some of the frequently
reported attributes are presented in the left-hand side of the model. In the right-hand side of the
model, key performance indicators of such off-grid systems are presented. A generator that
performs well ensures high quality and reliable electricity supply that encourages households
both to own and use more electrical appliances and establish more small and medium
enterprises (SMEs). Higher consumption of electricity directly contributes towards the wellbeing of people, and higher electricity output (productive uses of electricity) supports
additional income and creates more job opportunities. The improved economic status of a local
village will eventually help to increase electricity demand, thus improving the plant factor of
the generator. With a higher plant factor, the plant will be operating more efficiently and be
able to secure more revenue, which can be utilised for better operation and maintenance service.
This figure, and particularly the links between its components, represents the theoretical lens
of the study. As the research progresses, the project attributes, sustainability indicators and
their relationships are explained, and thus the model is modified. The revised theoritical models
are presented in Chapter 4 (Figure 4.2) and Chapter 5 (Figure 5.8) of this thesis.

[48]

Figure 2.6 : First theoretical model for sustainable operation of off-grid energy system.

Sustainability of a typical RE-based off-grid service can be described in terms of a type of
production function as shown in Equation 2.1. The output of the function depends on a series
of items on the right hand side of the equation, such as the level of household consumption and
production of SMEs.
Sustainability = F (HH consumption, Growth in SMEs, Wellbeing , Local economic growth,
Electricity demand, Plant factor, Revenue, Management, Performance) ------------------- (2.1)
Where,
HH consumption= F (reliable supply, affordability, appliances)
Growth in SMEs = F (Accessibility, market, resources, credit, capacity development)
Wellbeing of local people=F (electricity consumption, electricity in society institutions)
Economic growth= F (electricity sales revenue, employment opportunities)
Electricity demand= F (new appliances, additional income)
Plant factor= F (higher consumption)
Revenue =F (electricity consumed, tariff, no losses)
Management =F (capacity, responsibility, awareness)
Performance= F (management, after sale service providers, skilled technicians)
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The overall sustainability of such a service can be derived incorporating all the external
(exogenous) factors into consideration by substituting into Equation 2.1 to obtain Equation 2.2.
Overall Sustainability of off-grid services = F (reliable supply, affordability, appliances,
accessibility, market, resources, credit, capacity development, electricity consumption, electricity in
society institutions, electricity sales revenue, employment opportunities, additional income, new
appliances, higher consumption, electricity consumed, tariff, no losses, capacity, responsibility,
awareness, management, after sale service providers, skilled technicians,… ) ---------------------- (2.2)

Due to the complex nature of the production factors, it is impossible to derive the
aforementioned production function (Equation 2.2) mathematically. Rather, a degree of
association (relationship) between the sustainability and project attributes can be estimated
using a sufficient sample of projects, and applying econometric methods. Further, all these
factors may not be important for all types of projects. Similarly, there could be some additional
attributes which are not listed here. Therefore, to evaluate these relationships between the
project attributes and sustainability performance of a particular group of projects (i.e. from
specific location, specific technology) three important steps need to be followed: (i) identify/
confirm relevant project attributes, (ii) obtain attributes and measure performance of sample
projects, and (iii) employ econometric methods to evaluate the relationships. These survey
methods are explained in the methodological chapter.

2.3.6 Section summary
Sustainability is a broad discipline and viewed as a desired goal of development and ecosystem
management. Scholars have used pragmatic definitions of sustainable development for specific
projects or sub-sectors. However, sustainability can’t be measured directly itself. Therefore,
various dimensions and corresponding indicators are widely used in the literature. In the
context of RE-based off-grid energy services, five sustainability dimensions: (i) economic, (ii)
social, (iii) institutional, (iv) technical, and (v) institutional have been extensively used.
Similarly, altogether, more than 100 sustainability indicators are used in different
projects/technologies. Scholars have also developed criteria for selecting appropriate
indicators. They have been used in the context of ex-ante evaluation, where various
sustainability indicators have been employed for multi-criteria decision analysis.
The ex-post assessment of operational off-grid RE systems, which is the focus of the present
study, has received less attention. The ex-post sustainability assessment of such services is
limited to situation analysis, comparative studies, case studies and a few action research
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studies. Most of these assessments have been focused at a local context level with specific
project objectives rather than addressing the broader sustainability issues of off-grid energy
services. Further, a majority of these sustainability studies were conducted without employing
standard sets of indicators. Key project attributes of these off-grid energy projects and their
possible contributions towards the performance were not adequately discussed in the current
literature. The current ex-post sustainability assessments are empirically driven without
adequate theoretical development. Therefore, current literature does not fully understand how
these project attributes fit together and why bundles of local management practices lead to
sustainability.
These RE-based off-grid systems are owned and managed by different communities, thus each
project has different attributes. A conceptual framework was developed in which project
attributes interact differently from one project to another and may create virtuous circle or a
vicious circle. A positive contribution of these attributes and any exogenous factors to the
virtuous circle lead towards more sustainable performance outcomes. In the absence of such
positive support, the projects tend to be in a vicious circle and eventually fail to supply basic
energy services. Therefore, sustainability performance of off-grid mini-grids may be achieved
by improving certain project attributes at different stages of development and operation. Yet,
little past research has considered this issue of analysing project attributes and their
contribution towards sustainable performance.

2.4 Conclusions
The crucial role of reliable and affordable energy services for economic growth and wellbeing
of people has been recognised.

In the developing country context, RE-based off-grid

electrification services can have dramatic benefits for rural families and communities.
However, experience with off-grid systems developed to date suggests that their sustainability
is questionable. RE-based off-grid rural electrification services, particularly, mini-grids are
owned and managed by different communities, so they have different sets of attributes.
Sustainability performance of such off-grid mini-grids is experienced differently from one
community to another. The characteristics of successful and sustainable projects, as well as the
role of project attributes and external factors in achieving sustainability, is not well understood
in the current literature. This thesis aims to identify those relationships between the project
characteristics, community attributes, external supports and sustainability performance of off-
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grid energy projects. Understanding the factors that affect the sustainable operation of REbased off-grid electrification service was the expected contribution of this thesis.
Thus, the findings in the extant literature lead to the research question: “Is it possible to
discover a theoretical framework of project attributes that contribute to the sustainable
performance of renewable energy-based mini-grid projects (micro-hydro) in Nepal?”
To answer the key research question, five key research stages are envisaged:
1. Identification of key relevant project attributes and management practices.
2. Obtain data (project attributes and performance measurement) of a sample projects.
3. Employ econometric methods to evaluate relationships between the project attributes and
the performance of the sample projects.
4. To develop a theoretical model for sustainable operation of mini-grid electrification
systems.
5. Form conclusions about the critical aspects of these studied projects that result in their
sustainability.
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Chapter Three

3 Research Design and Methodology
3.1 Introduction
The previous chapter reviewed literature on various aspects of RE-based off-grid electrification
projects and presented a conceptual framework of sustainability of such off-grid energy
services. Most of these projects are developed under a project modality, without adequate
policy support. Further, the project development modalities, level of community involvement,
upfront investment and source of funding are different from one project to another. On top of
that, these isolated projects are managed by different local communities, and consequently,
various operational practices exist. Therefore, performance results of such off-grid energy
services are different from one community to another.
Potential causes for this variation in the performance of these projects are hypothesised in the
conceptual diagram and subsequent paragraphs (Section 2.3.5). Each of these off-grid projects
does have a different set of exogenous variables. These exogenous variables are result from
different practices in the planning, designing and operation of these projects. Further, other
external environmental factors such as post-installation support, road accessibility, and credit
can play a role in day-to-day operation of these plants. Different combinations of variables can
interact differently with the corresponding endogenous variable. Those projects, having
favourable conditions for a virtuous circle, lead towards more sustainable outcomes. Projects
that do not receive such support will tend towards a vicious circle and eventually fail to supply
essential services. Thus, each project performs differently.
The main research question of this thesis is to identify key variables of off-grid electrification
projects that are significantly associated with sustainability performance. Therefore, the
evaluation of relationships between the project attributes (contributing variables) and
performance is the ultimate goal of this research. The project attributes are primarily input
variables (e.g., participation of local communities, funding modalities and design parameters)
and process variables (e.g., tariff, daily operation and staff management and after-sales
service).
Scholars have used some of these attributes in the extant literature. However, there is no
dominant arrangement of these project attributes focusing on the community-managed off-grid
rural electrification projects. These socially constructed project characteristics cannot be fully
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captured without a thorough understanding of the construction and operations of these projects
in the communities. This information needs to be carefully collected and evaluated in the first
phase. Based-on their relevance and importance, a final list of attributes needs to be shortlisted
for the final analysis.
The second group of variables of interest in this research is the output variables. Five
dimensions of sustainability (social, economic, environmental, technical and institutional) are
frequently considered to assess the sustainability performance of off-grid energy projects.
These dimensions are unobserved concepts, meaning that they cannot be measured directly. In
the sustainability assessments, a set of measuring indicators is used to estimate each of these
dimensions. There are several sustainability indicators employed by scholars to evaluate both
ex-ante and ex-post projects. However, they need to be prioritised and selected based on the
current research need and scope. Therefore, the selection of sustainability indicators is another
crucial milestone in this research.
In order to evaluate the relationship between the attributes and sustainability performance of
these projects, a consistent data set, and appropriate statistical tools are required. Therefore, the
third pressing task of this research is to arrange the data collection. The data collection method
should be transparent, the sample should be representative, and the data obtained should be
reliable and consistent (Creswell, 2009; Malhotra, 2012). Finally, once the required
information (attributes and indicators) is obtained, it is used to identify appropriate data
analysis techniques to establish empirical evidence. In this research, the relationships to be
examined are the multiple independent and dependent variables; therefore, multivariate data
analysis tools need to be selected.
In summary, this research involves four key research steps which are illustrated in Figure 3.1.

Figure 3.1: Key research steps involved in the thesis
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This chapter consists of different sections that describe the various methods and procedures for
achieving the requirements, as mentioned above. Two major phases of data collection were
required to obtain the complete information, and a mixed-method research design was
considered suitable. A qualitative study is a more appropriate option for acquiring a detailed
account of project attributes through a series of interactions with the concerned project
managers (Hennink, 2014). As already described, sustainability indicators are evident in the
existing literature. Therefore, a list of the most relevant indicators developed was in the in the
first data-collection phase through a qualitative method. Further, a quantitative survey method
was designed to obtain a complete data set in the second data-collection phase and to evaluate
relationships between the project attributes and sustainability performance. Finally,
multivariate data analysis techniques were employed to analyse these relationships between
multiple independent variables (attributes) and dependent variables (sustainability
dimensions).
The reminder of this chapter is organised into the sections as shown in Table 3.1.
Table 3.1: Outline of Chapter 3

Section
3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
3.9

Headings
Introduction
Research Paradigm
Mixed Methods Research Design
Approaches for Data Collection and Analysis
Qualitative Research Methods
Selection of Sustainability Indicators
Quantitative Data Collection
Quantitative Data Analysis
Conclusion

3.2 Research Paradigm
There is an increasing body of knowledge related to renewable energy. The majority of these
studies are focused on grid-based commercial energy projects (Shi & Lai, 2013). However,
Mandelli et al. (2014) reviewed 350 papers on the RE-based off-grid systems, published from
2004 to 2014, and concurred that the topic has received more attention in recent years. A large
body of literature on sustainability assessment of off-grid energy projects covers ex-ante
evaluations. In the context of ex-ante multi-criteria decision analysis, various sustainability
indicators and criteria have been employed to compare various technological options (e.g.,
wind power, hydro-power, solar PV (Lillo, Ferrer-Martí, Fernández-Baldor, et al., 2015;
Mainali et al., 2014; Maxim, 2014; Wang, Jing, Zhang, & Zhao, 2009).
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The ex-post assessment of operational off-grid RE systems using these methods has received
less attention in the literature. As already described in Section 2.6.2, the ex-post assessments
primarily cover adaptation issues (e.g., innovation and diffusion, business models, credit
financing, productive uses) of these off-grid systems (Shi et al., 2016; Yadoo & Cruickshank,
2012) without paying sufficient attention to the operational challenges (Gabriel, Kirkwood,
Walton, & Rose, 2016; Schäfer, Kebir, & Neumann, 2011; Schmidt & Huenteler, 2016;
Zomers, 2014). However, the present functionality of such off-grid plants in Nepal and other
parts of the world is also considered in the current literature. Moreover, many of the off-grid
plants have been found to be unsustainable in terms of performance, service delivery and/or
revenue generation (Bhattacharyya & Palit, 2016; Dornan, 2014; Palit & Bandyopadhyay,
2016; Zhang & Kumar, 2011).
The sustainability assessment of a typical off-grid system involves project attributes and
sustainability indicators. The attributes are project features that drive the performance of a
project, whereas sustainability indicators measure the performance. For example, the success
of local businesses (agro-mills, hotels, bakery shops, etc.) in a micro-hydro serving community,
can be explained by many input factors, including access to the market, raw materials, skills
and credit facilities. Therefore, access to market is one of the project attributes. These
successful local businesses can contribute to (i) increasing electricity sales revenue of local
energy projects, and (ii) creating new employment opportunities in the villages. Therefore,
profitability and number of jobs can be two performance indicators for sustainability
assessment of that particular energy project. Thus, this research aims to construct and measure
project attributes (as causal variables) and performance indicators (as dependent variables) and
perform an ex-post econometric analysis to estimate relationships among these variables.
As discussed previously, the literature on the ex-post studies of operational RE-based off-grid
system using sustainability assessment methods has largely relied on empirical evidence from
case studies of a small number of single projects. Most importantly, this previous work has not
sought to use or develop theoretical models to explain what drives sustainability more
generally. In summary, current research does not fully explain the characteristics of successful
and sustainable projects or role of project attributes and external factors in achieving
sustainability of RE-based off-grid electrification projects.
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3.3 Mixed Methods Research Design
As describe above a mixed-methods research approach was adopted in the research reported in
this thesis. Mixed-methods research is a third methodological movement in which researchers
combine various components of traditional qualitative and quantitative methods (e.g., data
collection, analysis, interpretations) within a single research project to answer the overall
research question (Creswell, 2010; Johnson, Onwuegbuzie, & Turner, 2007). Creswell (2010)
claimed that the mixed-methods approach is a relatively new concept, and scholars have
emphasised different perspectives in defining this concept. Johnson et al. (2007) consolidated
different views of 19 leading researchers of this field through content analysis and proposed a
new definition as follow:
“Mixed methods research is the type of research in which a researcher or team of

researchers combines elements of qualitative and quantitative research approaches
(e.g., use of qualitative and quantitative viewpoints, data collection, analysis, inference
techniques) for the purposes of breadth and depth of understanding and corroboration”
(Johnson et al., 2007, p. 123).
In the design of mixed-methods research, researchers have to answer several questions. For
example, the content to mix, the stage that the mixing takes place, the extent of the mixing,
the justification of the mixing, and the orientation of mixing (Johnson et al., 2007). Because of
the variables in the mixed methods research design, the method in each study is slightly
different from others. As per the individual researcher’s needs and objectives, different
components of the two different methods are combined at different stages. Therefore, the
mixed-methods research can be classified as (i) qualitative mixed (qualitative dominant), (ii)
quantitative mixed (quantitative dominant) and (iii) pure mixed (equal status).
Mixed-methods research design allows the researcher to think and consider diverse strategies,
approaches and methods in collecting and analysing complex data. One of the key justifications
for using mixed-methods research is to achieve “complementary strengths and no overlapping
weaknesses” of quantitative and qualitative methods (Johnson & Onwuegbuzie, 2004). While
designing mixed methods research, researchers need to consider two essential aspects: (i)
development of both the qualitative and quantitative methods, and (ii) integration of two
research components. Only well-developed methods with an adequate level of integration
provide a complete understanding of the research question under study (Bazeley, 2019;
Creswell & Tashakkori, 2007).
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In the present research, a qualitative method is used to observe off-grid micro-hydro projects
and interview the decision-makers of these schemes. The intent is to closely understand various
aspects of operation and management and identify the project attributes. Further, the researcher
used these attributes and sustainability indicators from the qualitative data to develop the
quantitative survey questionnaire. The researcher employed econometric methods to analyse
the survey data. Finally, the quantitative findings and qualitative observations were combined
in interpreting the results and writing the conclusions. Therefore, the researcher developed
each set of qualitative and quantitative methods separately (e.g., data collection, analysis) and
integrated them at different stages. The qualitative study helps to identify the full list of
attributes and also interpret the final quantitative results, whereas the quantitative study enabled
quantification of the relationships (for example, path coefficients, effects, R2 values), including
statistical significance levels. Most importantly, the mixed-methods design facilitates an
overall understanding of the phenomena more clearly and permits a generalised conclusion to
be drawn.

3.4 Approaches for Data Collection and Analysis
Two phases of data collection and analysis were required to complete the four key research
activities of the current research. The project attributes are exogenous variables, can be
different from one project to another and are not readily available. They, consequently need to
be identified through a series of interactions with concerned decision-makers. Hence,
qualitative study method (e.g., focus group discussions (FDGs), interviews and observations)
were proposed. The sustainability indicators, used by earlier scholars, were methodically
evaluated and only relevant and measurable indicators were chosen for this research.
Subsequently, the results of the qualitative method were used to inform a quantitative phase
(third stage) the project. The quantitative method involved the development of a closed-ended
survey questionnaire, selection of sample projects, conducting the survey and analysis of data.
Finally, the results of the quantitative method and observations from the qualitative method
were integrated to provide a complete understanding of the phenomenon. See Figure 3.2 for
the overall research approaches and strategies. Each of these components shown in the diagram
are explained in the next sections of this chapter.
Both phases of field research reported in this thesis were conducted on location in Nepal16. The
country has more than 30-years’ experience with this technology where the power from small
16

First field study: December 2017-January 2018, second fiend survey: September - November 2018.
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streams is harnessed and the electricity generated is supplied to local villages. In the last two
decades, more than 1,000 such micro-hydro projects with a total capacity of over 30,000 kW
have been constructed across the country, and about 360,000 families (Ghimire & Kim, 2018)
are connected to such electricity services. Nepal is one of the leading countries in developing
second generation mini-grid electrification projects (ESMAP, 2019).

3.5 Qualitative Field Research
3.5.1 Introduction
The qualitative method, which is reported in this section, was used in the first phase of data
collection. The main objective of this phase of research was to understand various aspects of
micro-hydro projects17 (i.e. planning, development and operation) constructed in Nepal and
identify key project attributes of these services. The attributes to be collected here were
primarily the input, operational and process characteristics of this type of energy project. In
addition, some outcome attributes were also expected to be identified during this study phase.
The research in this phase followed a mixed qualitative approach encompassing focus group
discussions (FGDs), site observations and key informant interviews in multiple project
locations. By employing thematic analysis methods, the data were coded and a number of
themes were identified. The data analysis followed the broad method of reasoning - inductive
approaches – and other principles of thematic analysis. The analysis concluded with a list of
project attributes (themes) that may influence the performance of these off-grid energy
services. The remainder of this section includes a description of the rationale for qualitative
methods, development of focus group discussion, and sampling procedures. The data collection
and analysis, rigour and trustworthiness and conclusion are other topics discussed in this
section. Table 3.2 shows the outline of Section 3.5.

3.5.2 Rationale for qualitative study methods
As described above, the literature shows that a given set of attributes and a bundle of
management practices are important to sustainable operation of RE-based off-grid energy
services.

17

Small-scale hydroelectric power plant up to 100 kW capacity. The power is generated by using the natural
flow of water and the generated power is supplied to local villages.
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Figure 3.2: Overall research approach and strategies

Table 3.2: Outline of Section 3.5

Sub-Section
3.5.1
3.5.2
3.5.3
3.5.4
3.5.5
3.5.6
3.5.7
3.5.8
3.5.9

Headings
Introduction
Rationale for qualitative methods
Conceptual framework for qualitative data collection
Development of focus group discussion
Sampling procedures and participants
Data collection procedures
Data analysis
Rigour and trustworthiness of the data
Conclusion
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Experiences across Nepal and other countries show that the projects constructed under similar
implementation modalities perform differently (Banerjee et al., 2011; Dornan, 2014; Palit &
Chaurey, 2011). Sustainability might be a result of some critical combination of variables.
What is important may differ by location, size or some other characteristics and interaction
between factors. Also, the idea of sustainability itself may differ between micro-hydro projects
so that for a group of projects, for example, a given set of factors is important to sustainability,
while for another set of projects it is some other combination of factors. Therefore, a complete
list of attributes is required to answer the research question in this thesis.
The majority of the micro-hydro projects are owned and managed by local communities.
Further, the local communities are the ultimate beneficiaries of these services. Therefore, the
attributes of a typical community-based off-grid micro-hydro project is the combination of
human, social, institutional and technical elements. These local communities have socially
constructed rules involving plant operation, maintenance guidelines and procedures. In
addition, the community is directly involved in all stages (i.e. from the inception to
implementing and operation) of these projects, and thus acquires full experiences and
knowledge.
The qualitative study makes three major contributions to the overall research.
Firstly, it helps to identify key project attributes of the micro-hydro projects. These project
attributes were not readily available in the current literature and therefore needed to be
explored. Further, many of these variables of interests are difficult to measure and cannot easily
be described with numerical analysis. Scholars have used some of these attributes in different
contexts. Therefore, a new list of relevant attributes of micro-hydro projects in Nepal was
essential for this research. The key characteristics and operational practices of these
community-owned micro-hydro projects can be identified only through a series of direct
interactions with the concerned decision makers18. This exercise allows the researcher to
capture a full range of project themes that are common to each project, but with different
variants. It is believed that such exercises provide insight into or refinement or even creation
of theory so that common characteristics or differences, may in some way be generalisable to
a larger set of cases (Denzin & Lincoln, 1994; Lehman, 2001; McKay, 2007) . For example,
after a series of interactions with different project managers, a researcher can gather adequate

18

In this case, the decision makers are primarily the off-grid project owners, operators, managers and
beneficiary communities.
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information to understand how these communities manage the initial investment costs of these
micro-hydro projects from different sources like subsidy, grants, community contribution and
credit. This information is then helpful to identify “source of funding” as a sub-theme and
“subsidy”, “grants”, “community contribution” and “credit” as the corresponding variables of
that particular theme.
Secondly, the qualitative study findings help to develop a second theoretical framework for
sustainable operation of off-grid energy systems. The theoretical framework illustrates various
hypothesised relationships between the project attributes and sustainability performance for
further evaluation. During the data collection and analysis of the qualitative data, the researcher
got an opportunity to learn and understand how these project attributes impact different aspects
of sustainability performance. In many instances, the FGD participants shared their experiences
about how some of the attributes lead the project towards more sustainable outcomes. For
example, the hours of plant operation was one of the project attributes. During the field study
and interaction, the researcher closely observed how those long hours of plant operation
impacted positively on the livelihoods of local people. This information was helpful in the next
quantitative data analysis to hypothesise the relationship between the hours of plant operation
and social dimension of sustainability. Therefore, in addition to identifying project attributes,
the qualitative study was important in hypothesising relationships for further evaluation in the
quantitative analysis.
Thirdly, the purpose of the qualitative study is to help interpret the final quantitative analysis
results. The empirical results of quantitative data analysis (second phase) were able to be
interpreted more accurately with the help of some pieces of evidence from the previous
qualitative study. Again, using the same example, the statistical analysis showed that the hours
of operation were associated with the social dimension of the micro-hydro projects. This
relationship could be explained by providing some real experiences from the previously visited
projects. For example, project “A” operates for 20 hours per day, and thus has many local
businesses (e.g., internet facilities, computer labs, and electronic repair shops), agro-processing
mills, and many appliances at the households. Another project (B), which runs only 8 hours
per day, has none of these facilities in the village. In such a case, the evidence of the qualitative
study strongly supports the final quantitative results.
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3.5.3 Conceptual framework for qualitative study
As already mentioned, this phase of data collection followed a mixed qualitative approach
encompassing focus group discussions (FGDs), site observations and key informants’
interviews. The study was conducted in multiple project cases. A case-study, that applies
qualitative research methods, creates an in-depth data collection involving multiple sources of
information (Creswell, 2013), and multidimensional investigation of a single social
phenomenon (McKay, 2007; Orum & Feagin, 1991). These multiple case studies allowed the
researcher to directly interact with local people, who have had full experience of planning,
developing and operating such projects. Similarly, such interactions helped the researcher to
understand various aspects of operation of these projects. As the analysis of the data continued
the researcher could see nothing new and the data appeared theoretically saturated (i.e. when
no more new evidence emergences). A conceptual framework of the field study approach used
in this qualitative study is presented in Figure 3.3.
One important strategy adopted in the data collection process was to obtain information from
one project and analyse the data before moving to another project. On every occasion, the
researcher had to analyse the data and compare the result with the previous cumulative findings
until the data reached theoretical saturation. Saturation is a condition where a new sample does
not contribute anything additional to the data (Strauss & Corbin, 1998).

3.5.4 Development of focus group discussion schedule
This phase of the research was designed to understand the first-hand experience of key
stakeholders (project managers and beneficiaries) and identify a full list of relevant project
attributes. Focus group discussion (FGD) was selected as the primary data collection method
in this research. Site observations and few key-informant interviews were also conducted. The
FGD was carefully designed to ensure that data were obtained accurately and in as structured
a manner as possible.

Focus group discussions
A focus group is a type of discussion where participants are asked a set of standard questions
to explore and understand a particular issue (Hennink, 2014). Focus groups have two main
advantages: (i) they promote interaction among participants on a research topic and (ii) they
help to collect high quality primary information in a short time (Acocella, 2012).
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Figure 3.3: Conceptual framework of qualitative research method

This method is more appropriate for exploratory research (Bhattacherjee, 2012) and, is
considered a good information source to formulate hypotheses or construct a final analytical
framework in a multi-method research design (Mishra, 2016) . Mishra (2016) further stresses
that the FGD is an appropriate qualitative method in a mix-method research setting, especially
when researchers intend to verify the results by a quantitative analysis.
Establishing a FGD involves organising a meeting of small group (six to 10 relevant
participants) at one location and having them discuss a specific topic of research interest for
about 60 to 90 minutes (Bhattacherjee, 2012; Hennink, 2014). These discussions are moderated
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by a facilitator, who is familiar with the topic to be discussed, asks an initial set of questions,
ensures active representation of all participants and builds a comprehensive understanding
based on participants’ comments and experiences. Due to the abstract nature of terminologies
such as “project attributes” and “sustainability” in the research question, the researcher decided
not to use the terms directly in the focus group discussions. Instead, semi-structured and openended questions were developed to guide the participants.

Focus group schedule
The schedule for the focus groups consisted of an introductory section and a question section.
The introduction is a one-page script, identifying the researcher, describing the FGD process
and outlining the guidelines and instructions for participation. This section informed the
participant about their role in the FGD, the information and consent sheets. The information
sheet provided a detailed description about the research project and the consent sheet ensured
ethical considerations. Most importantly, this section encourages participants to actively take
part in the discussion and provide their honest opinions.
The second section of the focus group schedule is composed of 11 open-ended main questions
(see Appendix 3.1). The question sets are divided into five different parts, addressing various
aspects of micro-hydro projects development and management in chronological order. To
facilitate the interaction among the participants, probes and supplementary questions were also
developed for each main question. Table 3.3 illustrates a brief description of each part of the
question set.

3.5.5 Sampling procedures and participants
Theoretical and practical concerns of qualitative sampling are well discussed in the current
literature. Scholars have suggested various sets of criteria for selection of samples in qualitative
research design (Curtis, Gesler, Smith, & Washburn, 2000; Miles & Huberman, 1994;
Robinson, 2014). Miles et al. (1994) suggested six criteria for selection of samples including
feasible, ethical, generalisability and relevant. Curtis et al. (2000) provided five key features of
qualitative sampling namely small, sequential, relevant, generalisability and purposive.
Robinson (2014) developed a framework for selecting samples for qualitative research that
highlighted four key steps: (i) setting a sample universe, (ii) select sample size, (iii) developing
strategies for data collection, and (iv) sourcing of sample. These criteria and approaches were
adopted in the selection of samples for this qualitative research and are discussed next.
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Table 3.3: A summary of FGD questions set developed for this thesis

Descriptions
Introductory
question

Purpose
This was a warm up question to start off the meeting, aiming
to bring all the participants to the discussion and establish a
common ground for rest of the topics.

Part 2
(Q2-Q3)

Initial project
concept and
development

The main purpose of this part of the question set was to
understand how the local communities came up with their
initial project concept and the process they followed in
developing these micro-hydro projects. Further, the role of
local stakeholders and supporting agencies in promoting these
schemes was another subject of interest.

Part 3
(Q4-Q7)

Distribution
of electricity
and load
management

This part helped to understand how the electricity power is
distributed and used in the village (residential and businesses)
and how the power demand and supply issues are managed
locally.

Part 4
(Q8Q10)

Day-to-day
operation and
management
aspects

These questions were designed to obtained in-depth
knowledge on daily management of the projects, technical
operation and maintenance practices and financial
governance. Further, they helped to understand performance
of management and staff members.

Part 5
(Q11)

Overall
project
experience
and lessons
learnt

This was the final part of the FDG where the participants were
encouraged to express their real-life experiences of
developing and managing off-grid energy projects. To better
understand their experiences, a last hypothetical question was
asked to each focus group: “What changes would you make, if
you were given an opportunity to build and manage another
micro-hydro project in your village?’

Part 1
(Q1)

Setting a sample universe
The qualitative study was designed to be conducted at a number of different micro-hydro
project locations in Nepal. A balance of homogeneity and heterogeneity was carefully
maintained while selecting the sample projects. For example, criteria such as different installed
capacity, diverse socio-economic background of communities and difference in
implementation modalities ensured a degree of heterogeneity in the selected samples. Robinson
(2014) argued that any commonalities found across a diverse group of samples is considered a
more widely generalisable phenomenon. To ensure these requirements, a guideline was
prepared to select the sample micro-hydro projects, which is presented in Table 3.4.
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Sample size and strategies
Through purposive sampling strategies, 15 micro-hydro projects were selected at the study
design stage. Another 18 projects meeting the selection criteria were identified for contingency
backup19. In this research, the grounded theory (Strauss & Corbin, 1998) principle of flexibility
about sample size was adopted. This is a specific research methodology developed by Glaser
and Strauss (1967) to develop theoretical constructs derived from methodical collection and
analysis of qualitative data. It involves examination and interpretation of data in order to elicit
meaning, gain understanding and develop empirical knowledge. Whereas the usual research
approach of quantitative analysis is deductive reasoning, grounded theory uses inductive
reasoning. In grounded theory, researchers review the data collected to discover repeated
ideas. These are coded, with codes often based on names given to issues in the data by
participants. As more data are collected, and re-reviewed, codes are grouped into categories
that can become the basis for a new theory. Hence, with grounded theory, theory is developed
as directed by the data. According to the grounded theory sampling techniques, the researchers
collect data at one project, analyse the data and move to the next project site. The simultaneous
analysis informs the researcher to make a real-time judgement about whether further data
collection is likely to yield any additional contribution to the research question. If the researcher
judges that “theoretical saturation” has been reached, the data collection process will be halted
(Strauss & Corbin, 1998).
Through purposive sampling strategies, 15 micro-hydro projects were selected at the study
design stage. This is because it seemed like a reasonable starting number based on previous
similar qualitative research (Carlsen & Glenton, 2011). The sample projects were further
stratified according to size, implementation modality and years of operation. The 15 projects
were divided into three groups meeting all the criteria within each group, there were at least
four different size projects (kW), at least four different implementing agencies (e.g.,
REDP/RERL, AEPC/ESAP/NRREP, ACAP) and different lengths (e.g. years) of time in
operation. During the field study, these projects were visited in a sequential order. At the
beginning, the first group of projects (project 1 to 5) were visited followed by the second group
(i.e. 6 to 10) and then finally the last (i.e. 11-12). This arrangement ensured heterogeneity in
the samples.

19

If some of the selected projects were not found in the field, they would be substituted by new projects from
this list.

[67]

Table 3.4: Guideline for survey site selection developed for this thesis

SN Selection criteria

Justifications

1

Projects from same
cluster (region).

Feasible sample plan: preference was given to select projects
from the same cluster. Road accessibility and other logistics
were also considered.

2

Projects having
significant
operating
experience.

Potential to generate rich information/ believable
explanations: well operating projects having more than five
years of experience were considered for the survey. Preference
was given to projects with diverse businesses/enterprises.

3

Different (capacity)
of projects should
be included.

Heterogeneity / generalisability: Projects with different
installed capacities were included in the study. Priority was
given to include at least two projects from each subcategories: (i) below 30 kW, (ii) 31-50kW and (iii) above 50
kW.

4

Projects from
various socioeconomic
backgrounds.

Heterogeneity / generalisability: priority was given to include
projects from different socio-economic status. Road/Market
access, occupation, ethnic compositions were considered.

5

Projects adopting
different
implementation
modalities.

Heterogeneity / generalisability: Priority were given to include
projects from at least four different implementation
modalities, namely: (i) Alternative Energy Promotion Centre/
Energy Sector Assistance Program / National Rural and
Renewable Energy Program (AEPC/ESAP/NRREP), (ii) Rural
Energy Development Program/Rural and Renewable Energy
for Livelihoods (REDP/RERL), (iii) National Trust for Nature
Conservation/Annapurna Conservation Area Project
(NTNC/ACAP) and (iv) Direct funded/private funded
projects.

Sourcing participants
Once the sample universe and sampling strategy for the study were decided, the next step was
to select participants for the focus group discussions. In this research context, there were two
major concerns: (i) balance between homogeneity and heterogeneity of groups and (ii) the need
for interested and knowledgeable participants (Greenbaum, 1998; Hisrich & Peters, 1982;
Krueger, 2009). Greenbaum (1988) argues that homogenous characteristics of participants can
be inhibiting during the focus group interactions. Heterogeneity, on the other hand, brings
different points of view (Krueger 2008), a wide range of opinions and new perspectives on the
research topic and, thus, enhances the data (Hisrich & Peters, 1982). Most of the inclusion
criteria for selecting participants like being a project beneficiary (i.e. live in the same village),
working in the management team promoted the homogeneity within the group.
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For

heterogeneity in the group, about half of the participants were selected from the management
teams and another half represented the electricity users. To support the idea of internal
heterogeneity within the group, female participants, local business owners and technical staff
of the projects were also encouraged to participate.
Nepal’s micro-hydro projects are operated by local communities. The project heads, managers
and technical staff hold direct experience relevant to the research question. As a consequence,
they are considered knowledgeable and experts for this research (Côté-Arsenault & MorrisonBeedy, 1999; Stewart, Shamdasani, & Rook, 2007). The managers planned and developed
these services in their villages. Similarly, local electricity users witness the service of such
local micro-hydro projects. Therefore, their views expressed in the FGDs are assumed to
emerge from their familiarity with the phenomenon and everyday association with it.
Participants for this research were selected in consultation with the project heads and managers.
Due to the limited access to the internet and geographical constraints, the researcher had to
communicate with someone from the communities to identify prospective participants for the
FGDs. The heads of the micro-hydro projects, who are also the potential participants for the
focus group, were approached first. In addition to requesting him/her for participation, the
researcher requested a list of potential candidates for the FGD. Subsequently, the researcher
communicated with each potential participant by distance (i.e. telephone) about a week before
the visit. Based on the criteria and other conditions such as interest, availability and knowledge,
the researcher finalised the FGD participants a few days before the meeting. A summary of the
participant selection criteria used for this qualitative study is presented in Table 3.5.
Table 3.5: Participant selection criteria

Descriptions
1 Participants per project location
2.Minimum qualification
3. Desirable qualification
4. Participation type
5. Any exclusion criteria

Focus Group Discussion
5 to 10 (maximum)
Project beneficiary
Interested, knowledgeable
Voluntary
No

3.5.6 Data collection procedures
A semi-structured FGD question set enabled the researcher to ask participants a set of standard
inquiries. The question set was composed of 11 open-ended main questions (see Appendix 3.1).
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To facilitate the conversation, probes and supplementary questions were developed for each
main question. Unlike the conventional version of FGD procedures, some modifications
(Santiago-Brown, Jerram, Metcalfe, & Collins, 2015) were necessary in this research. For
example, the FGD questions set was provided to all the FGD participants at least one day before
the meeting. This helped the participants to think about the subject matter, collect relevant facts
and figures and be better organised for the meeting. During the meeting, the researcher
encouraged all the participants to participate and provide their honest opinion. On some
occasions, the researcher intervened in these discussions and assisted the shy participants to
come forward and voice their opinion.
The FGD sessions was designed for about 90 minutes. At the beginning of each FGD session,
the researcher had to explain key objectives of the research and informed the participant about
basic ground rules. Further, all the FGDs were audio recorded with the consent of the
participants. The researcher was the sole facilitator of the FGDs and interviews.
In addition to the FGD, the researcher also carried out site observations at all the projects
studied. During the site observation, the researcher visited the power house and interacted with
technical staff. Similarly, the researcher met with local business owners and general users to
obtain additional information. A checklist was prepared for this purpose. Some topics included
in the checklist were: technical details, investment details, electrical appliances used in the
village, local businesses and enterprises, load profile and plant factor, tariff and sales revenue,
plant operation and daily management.
Finally, a provision of key informant interviews was envisaged with the heads of some microhydro schemes who could not participate in the initial FGDs. The question set was modified
slightly for these interviews.

3.5.7 Data analysis
Thematic analysis was selected as the method in this part of research for analysing qualitative
data collected from the focus groups. Thematic analysis is “a tool unbounded by theoretical
commitments” (Clarke & Braun, 2017) and commonly used in a whole variety of research
questions (Castleberry & Nolen, 2018) for identifying, analysing and reporting patterns
(themes) within data. Braun and Clarke (2006) claimed that thematic analysis can deal with
complex open-ended responses and provide a rich and detailed account of data. One of the
advantages of using thematic analysis is its flexibility. There are a number of techniques
researchers used to make the analysis more systematic (Joffe, 2011). The researcher has made
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number of methodological choices (Table 3.6) recommended by Braun and Clarke (2006) to
make this analysis theoretically and methodologically sound.
Software packages such as Nvivo could have been used to analyse the qualitative data obtained
from the FGDs. However, for various practical reasons, the manual data processing method
was preferred. The field research (i.e. qualitative study) was designed to collect data at one site,
analyse the data and move to the next project site. The manual data processing (i.e. transcribing
audio records to hand writing scripts) allowed the researcher a simultaneous analysis. On the
other hand, computer-based Nvivo data processing would not be logistically practical in the
rural areas.

Thematic analysis process
For a trustworthy thematic analysis, the researcher adopted a step-by-step approach
recommended by earlier researchers (Braun & Clarke, 2006; Nowell, Norris, White, & Moules,
2017). In this study, data collection, data analysis and some level of report writing occurred
simultaneously throughout the field study. However, the researcher followed the five-step
process recommended by Braun and Clarke (2006) and Nowell et al. (2017). These steps are
illustrated in Figure 3.4.
Familiarisation with data: this is the first phase of data analysis that involves transcribing
verbal data and compiling all other information. The transcripts and other information are read
multiple times to thoroughly understand the content.
Initial coding of interesting features across the entire data set: In this phase of analysis, the
researcher produces initial codes from the data (i.e. data driven). All the interesting words,
phrases and even sentences are extracted from the raw data. Braun and Clarke (2006)
recommended three points to consider while doing initial coding: (i) as many codes as possible,
(ii) be inclusive (i.e. consider relevant data from the surroundings), and (iii) explore single
codes to form different themes, if appropriate.
Collating codes into potential themes and gathering information on each relevant theme:
This phase of analysis starts with collating of the initial codes. The researcher, after reviewing
the codes, identifies potential themes and collates all the relevant data (codes) into these themes
(Braun & Clarke, 2006).
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Table 3.6: Methodological choices for thematic analysis

Methodological
choices
How to define a
theme?
(Measures of a theme)

The researcher’s choice
The themes in this analysis were guided by the research questions
rather than quantitative measures. The key themes were the
important characteristics, actions, practices (attributes of microhydro projects) in relation to the project’s sustainability
performance.

What is the purpose of This analysis was focused on a specific area of interest (project
analysis?
attributes related to sustainability) within the data rather than a full
thematic description of the entire data set. However, the entire data
were obtained only for this purpose.
What is the approach
of analysis?

This analysis adopted an inductive approach and the coding
process was data-driven (bottom up). The researcher was fully
conscious about avoiding any pre-existing coding frames or
analytic preconceptions. The themes identified were fully based on
the data.

Are they latent or
semantic themes?

The focus of the study was to identify the themes at an
interpretative level. In this analysis, the researcher further analysed
the semantic context of the data to understand the underlying
ideas, assumptions and features. This helped the researcher to
redefine the themes and hypothesise various relationships.

What is the
epistemology?

A constructionist framework that endeavours to understand the
social, cultural and structural contexts, was employed in this
analysis.

How many questions?

Instead of using an overarching research question, this research
used a set of short questions and probes during the focus groups.
Similarly, the researcher employed similar approaches (i.e. used
narrower research questions) in analysing the data. In summary,
the analysis was focused on specific areas to identify latent
constructs.

Adopted from Braun et.al. (2006).

In the qualitative study, all the codes extracted from one project were sorted into potential
themes. In the subsequent projects, the extracted codes were collated within the identified
themes or new themes were created. This was done purposefully to confirm the theoretical
saturation of data (see Section 3.5.3 and 3.5.5).
Checking, modifying and improving the initial themes and checking: In this phase of
analysis, the researcher read and reviewed all the collated extracts for each theme and checked
for a coherent pattern.
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• Familirisation
with data
STEP1

STEP2

• Generating
initial
codes

• Searching
for themes

STEP4

• Reviewing
themes

STEP3

• Defining
an naming
themes
STEP5

Figure 3.4: Step-by-step process in thematic analysis
Source: Adopted from Braun and Clarke (2006), Nowell et al. (2017)

During evaluation of these candidate themes, the researcher often encounters three different
situations: (i) themes not sufficiently supported by the data, (ii) too diverse data within a
proposed theme, and (iii) similarities between the themes (Braun & Clarke, 2006). The
researcher carefully deals withthese situations. In this research, the researcher had to collapse
and form a new theme. During the process, a few new themes were also created for those
extracts which did not fit into existing ones. There were instances, when some problematic
extracts were discarded from the analysis. A detailed account of this process is discussed in the
next chapter (Section 4.2.4).
Generating clear definitions and names for each theme: While the goal of this phase of the
research was to identify the themes (i.e. attributes) that may influence scheme performance,
only the relevant themes were to be selected for further analysis. Therefore, the selected themes
were clearly defined, and an explanation was written about why the attributes were relevant to
this research question. Further to this, various relationships between the project attributes and
sustainability performance were hypothesised for further analysis.

3.5.8 Rigour and trustworthiness of the data
Due to the subjective nature of the data and analysis, validity and reliability checks of a
qualitative study are not straight forward and cannot be justified statistically (Hadi & José
Closs, 2016; Liamputtong, 2013). Rather, the trustworthiness of qualitative work can be
achieved through rigorous design of methods, systematic data collection and analysis and
integrity and honesty in interpretation and documentation of findings. Scholars have frequently
used four key criteria to ensure rigour in qualitative research: (i) creditability, (ii) dependability,
(iii) confirmability, and (iv) transferability (Houghton, Casey, Shaw, & Murphy, 2013;
Shenton, 2004). To achieve these outcomes, they have used different sets of strategies and
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approaches. Some of these strategies include: (i) use of well-known methods for data collection
and analysis, (ii) random sampling, (iii) triangulation of data, (iv) debriefing sessions, (v) long
engagement of researchers, (vi) audit trail (vii) member checking and (viii) comprehensive
reporting.
In the designing of the qualitative methods, data collection, analysis, reporting and
corresponding strategies were carefully considered. Focus group discussion and thematic
analysis methods were used to collect and analyse the data. Further, the concept of multiple
case studies was adopted to enrich the data collection. On the sample selection, a stratified
sampling approach was followed to ensure heterogeneity. The researcher organised regular
debriefing sessions with the supervisory teams and updated the findings during the entire field
work. A separate checklist was used to gather information from other sources (e.g. site
observation, informal interaction with local people, technical staff) for triangulation. Similarly,
data analysis of each of the studied sample projects was discussed and reviewed by the
supervisory team. The researcher spent more than two months in the field and interacted
frequently with the study participants. Recognised methods (i.e. multiple case studies, random
samples and thematic analysis), debriefing sessions, long and direct engagement of the
researcher and data triangulation demonstrated the credibility of this research.
In the qualitative research context, dependability is equivalent to reliability (Rolfe, 2006).
Confirmability is denoted by accuracy and impartiality in the qualitative data collection and
analysis (Tobin & Begley, 2004). Houghton et al. (2013) suggested two strategies, namely (i)
audit trail and (ii) reflexibility, to address both of these criteria (i.e. dependability and
confirmability). In this research, all the FGDs were recorded and transcribed. Further, all
codings and other analysis processes were appropriately documented. During the field study,
in addition to the recordings and site observation, the researcher maintained diary notes to
capture other observations like local context, situation, and body language of participants.
Hence, the qualitative data collection and analysis reported in this thesis meets these two
criteria.
Finally, the key measure of the transferability is how adequately the researcher describes the
research work so that readers can read and make their own judgements (Koch & Harrington,
1998). The methods, analysis and results have now been described. A detailed audit of the
coding process is also presented in the Annex part of this thesis.
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In summary the researcher sought to maximise the trustworthiness of this qualitative study
through: (i) gathering data from multiple sources, (ii) taking additional notes, (iii) employing
well-established methods, (iv) regular updates of findings with supervisory teams, and (v) long
and direct interaction with the participants.

3.5.9 Section summary
The relevance of qualitative methods reported in this thesis is explained. The choice of methods
for data collection (FGD) and analysis of qualitative data (thematic analysis) were guided by
the suitability of the methods. The qualitative aspect of the study aimed to (i) identify key
project attributes, (ii) hypothesise relationships between project attributes and sustainability
performance and (iii) facilitate the interpretation of final quantitative results. The FGD enabled
the researcher to directly interact with key stakeholders of the projects. Similarly, the thematic
analysis guided the researcher in evaluating the qualitative data obtained/generated by the
FGD. Finally, clarity and justification have been pursued to demonstrate how the rigour and
trustworthiness of the data (i.e. credibility, transferability, dependability, and confirmability)
were ensured in this study.

3.6 Selection of Sustainability Indicators
3.6.1 Introduction
Four main research steps reported in this thesis are (i) identifying the key project attributes of
micro-hydro projects, (ii) selecting sustainability indicators relevant to mini-grid projects, (ii)
obtaining attributes and indicators of sustainability from the sample projects, and (iii)
predicting relationships between the attributes and performance. The methods used for
obtaining the attributes were discussed in the Section 3.5. Similarly, Section 3.7 contains
survey methods for collecting data from the field. The quantitative data analysis part is
discussed in Section 3.8. This section is about the selection of sustainability performance
indicators to be employed in the second phase of quantitative survey. The researcher followed
a transparent scientific procedure in selecting those indicators, which is discussed in this part
of the methodology.
As already discussed in Section 2.3, sustainability is a relatively new, vague and complex
phenomenon and cannot be measured objectively (Doukas et al., 2007). Assessment of
sustainable development involves a number of approaches and methods (Singh, Murty, Gupta,
& Dikshit, 2012) that help researchers to evaluate a development progress toward or away from
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achieving its objectives. In all kind of sustainability assessments, different sets of indicators
are used to measure progress.
The sustainability development indicators (SDIs) can be used for (i) assessing and evaluating
performance, (ii) evaluating trends on improvement and (iii) decision analysis (Lundin &
Morrison, 2002; Singh et al., 2012). Different assessment frameworks are developed for
measurement of sustainability at different levels.
In 1995, the United Nations Department of Economic and Social Affairs (UNDESA),
developed 134 sustainability indicators. Since then, these indicators have been revised many
times. Today, the CSD indicators (i.e. total 96 indicators, 50 core indicators) are used to track
the broader objective of sustainable development at a country level. The International Atomic
Energy Agency (IAEA) developed a separate set of energy indicators for sustainable
development (EISD) in line with the broader CSD framework to assess the impact of energy
uses. The EISD indicators are primarily useful for (i) country-level decisions relating to choices
of energy sources (IAEA, 2005), and (ii) in evaluating the impact of energy policies of different
countries.
The current research deals with community-level energy projects (e.g. community micro-hydro
projects), therefore, an operative/pragmatic approach was adopted.

However, the CSD

guidelines and EISD indicators were used as a source of inspiration for designing a conceptual
framework for this indicator development process. The remainder of this section contains a
description of methods used in developing the sustainability indicators for this research. Table
3.7 shows the outline of Section 3.6.
Table 3.7: Outline of Section 3.6

Sub-section
3.6.1
3.6.2
3.6.3
3.6.4
3.6.5
3.6.6

Headings
Introduction
Pragmatic (operative) approach to sustainability
Dimensions of sustainability
Criteria for selection of sustainability indicators
Processes for selection of
sustainability
indicators
Section summary

3.6.2 Pragmatic (operative) approach to sustainability
The pragmatic sustainability concept for this research is concerned with whether or not an offgrid energy project continues to deliver its service to the local people. As a pragmatic
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definition, sustainability performance measurement of off-grid micro-hydro schemes help to
assess: (i) reliable electricity generation and supply, (ii) sufficient sales revenue to cover
regular operation and maintenance costs, (iii) local businesses and enterprises powered by the
electricity, (iv) creation of local employment opportunities, (v) replacement of fossil fuels at a
local level, and (vi) growth in plant factor of the micro-hydro plant, sales revenue and local
energy consumption, and (vii) capacity of local institutions to operate and manage such
projects.
Within the renewable energy sector alone, scholars have developed different sets of
sustainability indicators. These indicators were mostly used on ex-ante project evaluation for
decision support purposes, meaning that the indicators were used to select the energy
technologies that fulfil sustainable development requirements (Doukas et al., 2007; Musango
& Brent, 2011). The current research is ex-post evaluation of off-grid micro-hydro projects.
The purpose of this assessment was to compare the sustainability performance of the sample
micro-hydro projects (n=175) having different sets of attributes.
These micro-hydro projects are embedded within individual communities and the local
economic systems. While developing the indicators for this research, the researcher adopted:
(i) a comprehensive conceptual framework, and (ii) an holistic view of sustainability. The
conceptual framework was inspired by both the practical and procedural sustainability
approaches, meaning that the researcher intended to measure contributions of projects to
different aspects of sustainability, and also assess how these impacts were perceived,
distributed and accepted in the local context (del Río & Burguillo, 2008). Similarly, to ensure
that the indicators to be selected for this research informed a holistic view of sustainability
performance, five dimensions of sustainability namely: economic, social, environmental,
technical and institutional were considered.

3.6.3 Dimensions of sustainability
Sustainability is a concept of achieving social welfare in a cost-effective manner without giving
additional burden to the ecological system. More simply, sustainability refers to cost
effectiveness in the production of goods and services, creation of employment opportunities
and use of natural resources within their regeneration capacity. Sustainability assessment is
generally viewed as a three-pillar concept. These three dimensions, (i) economic; (ii)
environment and (iii) social, have been used in the literature for many sustainability evaluations
of all kinds of programs/projects (del Río & Burguillo, 2008; Santoyo-Castelazo & Azapagic,
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2014). In addition to these three, technical and institutional dimensions are also frequently used
in assessing RE-based, off-grid services. In the rural context, where the market for electricity
is not well developed yet, supplying the required amount of energy to the local communities
and individuals at an affordable price is a challenging task (Terrapon-Pfaff et al., 2014).
Therefore, technical issues like supply reliability, efficiency (plant factor) and quality
electricity and local capacity to manage such issues are critically important to sustainability
performance assessment (Mainali & Silveira, 2015). The institutional dimension involves
community interactions and the established rules and procedures by which these projects are
managed (Valentin & Spangenberg, 2000). Therefore, all five sustainability dimensions were
considered in this research to assess the performance of the sample projects. Some key features
and descriptions of all five sustainability dimensions are presented in Chapter 2 (see Table 2.9).
The social dimension of sustainability evaluates well-being of local people, the environmental
dimension ensures low impact on local and global environment and the economic dimension
deals with efficiency in use of resources and cost effectiveness. Similarly, the technical
dimension examines effective and reliable services, whereas the institutional dimension
ensures capacity of local institutions and security of investment. However, these dimensions
are unobservable concepts and therefore, a set of indicators are needed to quantify them.
The literature reviewed in the previous chapter identified more than 100 indicators used in the
assessment of various off-grid energy projects. Scholars have employed different sets of
indicators for different purposes. The literature collectively suggests a large variety of
indicators and sub-indicators for each sustainability dimension, a summary of which (i.e. most
frequently used indicators) was presented in Chapter 2 (see Table 2.10) of this thesis.
This study required a set of a few and relevant indicators as the measures of sustainability
performance of off-grid micro-hydro projects. Scholars have suggested to select only a few
indicators (Liu, 2014; Wang et al., 2009). They claimed that more indicators would not
necessarily give better result. Rather, scholars emphasised a preference for clear and
transparent selection of these indicators (Neugebauer, Martinez-Blanco, Scheumann, &
Finkbeiner, 2015).

3.6.4 Criteria for selection of indicators
There are no fixed criteria for selection of indicators for sustainability performance assessment.
Selection of criteria and indicators for the sustainability assessment of any business model
involves technical and normative aspects (Waas et al., 2014). Within a certain research context
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(i.e. issues or resource constraints), all relevant indicators can’t be measured. For example, the
levelised cost of electricity could be considered one of the important indicators for economic
performance of an energy project. However, it may be that this value cannot be estimated
because the full information on investment and operational costs is unavailable. Therefore, in
such a context, the indicator selection process should be guided by what can be measured as
well as what should be measured.
A set of pre-defined criteria was used in selecting the sustainability indicators reported in this
thesis. Previous researchers have employed different sets of criteria (Table 3.8) based on their
research objectives and preferences (Ilskog, 2008a; Liu, 2014; Mainali et al., 2014; Maxim,
2014; Wang et al., 2009). Most of the selection criteria used by these researchers were similar.
Therefore, the most prevalent and feasible criteria were chosen for this selection process
reported in this research. These five evaluation criteria are presented in Table 3.9.
These criteria were aimed at selecting approximately 10 of the most suitable indicators for offgrid micro-hydro projects. Therefore, the researcher envisioned two to three good indicators
for each sustainability dimension (total 10 to 15 indicators).
Table 3.8: Criteria for selection of sustainability indicators by various authors

Authors
Ilskog (2008)

Criteria for selection of sustainability indicators
Simple to understand and apply,
Transparent and inter-subjective,
Robust,
Comprehensive, and
Fair.

Maxim(2014) and
Wang et al(2009)

Systematic,
Independency,
Consistency,
Measurability, and
Comparability.

Mainali et al
(2014)

Analytical soundness,
Measurability,
Country coverage, and
Sustainability phenomenon.

Liu (2014)

Reflect sustainability concept,
Measure quality corresponding to specific sustainability goals,
Be based on timely information,
Reflect a strategic view,
Supply references on system optimisations, and
Reflect longevity of system design.

Source: Ilskog (2008), Maxim (2014), Wang et al. (2009), Mainali et al. (2014), Liu (2014).
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Table 3.9: Principles and criteria for selection of sustainability indicators

Principles
Criterion 1:
Comprehensive

Descriptions
It should cover all major aspects of sustainability
performance and essential characteristics of off-grid
renewable energy systems. (e.g., profitability
instead of income).

Criterion 2:
Independent

All indicator should be independent and should be
able to measure different aspects. (e.g., new job
opportunities created rather than
telecommunications are improved).

Criterion 3:
Robust

It should be clear, consistent and aligned with the
research objective(s). (e.g., plant factor rather than
availability of support infrastructure).

Criterion 4:
Measurability

It should be measureable quantitatively and/or
qualitatively (e.g., share of population with
electricity access rather than users’ satisfaction).

Criterion 5:
Analytical soundness

It should have scientific/theoretical basis and the
data should allow comparison (e.g., provision of
after sales services, rather than opinion ability to
meet current and future electricity need).

Adopted from (Ilskog, 2008a; Gang Liu, 2014; Mainali et al., 2014; Maxim, 2014; Wang et al., 2009)

Delphi or Analytical Hierarchy Process (AHP) could have been used for this purpose.
However, it was not practically possible for two reasons. Firstly, the indicator selection process
involved a lot of work (analyzing more than 90 indicators against five criteria), which could be
a burden for potential experts. Secondly, the researcher had already conducted two field studies
(i.e. FGD and survey) for this thesis, therefore, additional expert group consultation was not
practically possible.

3.6.5 Indicators selection process
As already mentioned, the literature collectively suggests a large variety of indicators used for
off-grid energy system assessments. The available list of indicators was thoroughly evaluated
using five selection criteria in four different steps. A summary of the selection process is
illustrated in Figure 3.5.
Collection of Indicators: The ex-ante and ex-post evaluations of off-grid renewable energy
projects collectively suggest a large number of sustainability indicators. These indicators are
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distributed in domains of all five sustainability dimensions. In this phase of the indicator
selection process, all the indicators were collected.

YES

Figure 3.5: Sustainability indicators selection process

Elimination of irrelevant indicators (Evaluation I in Figure 3.5): In this phase of evaluation,
the identified indicators were tested on their relevancy and suitability in the current research
context. For example, one of the indicators identified was “maximisation of profit”, which was
defined as “share of profit set aside for re-investment in electricity service business”.
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In this research context the indicator was not considered relevant because it was most often
used as an economic indicator of commercial for-profit projects. However, off-grid RE services
particularly the Nepal’s micro-hydro projects are owned by non-profit community
organisations. Therefore, this indicator was not relevant in this research, and thus eliminated.
Evaluation of Indicators (Evaluation II in Figure 3.5): The shortlisted indicators were
further evaluated against the five selection criteria. Those indicators meeting all these five
indicators were considered for the next level of assessment. Those indicators, not meeting all
the criteria, were eliminated with various justifications.
Prioritisation of Indicators (Evaluation III and IV in Figure 3.5): At this point, the selected
indicators that meet the criteria, were further evaluated and prioritised. The prioritisation was
based on the researcher’s recent field experience, comprehensiveness and coverage of all
domains of sustainability dimensions. At least one indicator from each sub-dimension was
selected to ensure inclusiveness. In the case of multiple indicators under the same subdimension, the most comprehensive indicator was selected. In this round of the section process,
the researcher adequately provided justifications and maintained transparency, which is
evidenced in the reporting of the results.

Finalisation of Indicators: The indicator selection process was concluded with a set of the
most important and relevant sustainability performance indicators. Some other details like
variable type, scale and measurement strategies were provided for each of the selected
indicators. The selected indicators were used in developing the final quantitative survey
questionnaire.

3.6.6 Section summary
An operative/pragmatic approach for sustaiability evaluation of off-grid energy projects was
explained. Similarly, five relevant sustainability dimensions (i.e. economic, social,
environmental, technical and institutional) and key corrsponding indicators were further
discussed in the current research context. To select a set of relevant sustainability indicators
for this research, five criteria were choosen. Finally, a four-steps procedure was proposed in
the selection of sustainability indicators by employing these five criteria.

3.7 Quantitative Data collection

[82]

3.7.1 Introduction
As discussed previously, the main objective of the current research is to discover project
characteristics that are associated with sustainability of RE-based off-grid renewable
electrification services. This can be achieved by examining relationships between the project
attributes and performance of such services. Sections 3.5 and 3.6 of this chapter contain
methods explaining how the set of relevant project attributes and sustainability indictors were
identified. This section is the second of the two research phases – the quantitative phase – that
discusses methods of obtaining these data from the sample population.
In this phase, a survey questionnaire was developed for obtaining the required information from
the sample (n=175) micro-hydro projects. The questionnaire encompassed 48 closed-ended
questions and was organised in two parts: (i) attributes of micro-hydro projects; and (ii)
measurement of sustainability indicators. The first part of the questionnaire was informed by
the first phase of (qualitative) research. The main measurement items in this part of
questionnaire were constructed from the themes/sub-themes identified through the focus
groups. The measures of sustainability indicators (in the second part) were derived through an
indicator selection process.
To achieve robust survey results, the researcher considered a number of factors while designing
this research phase. The survey instrument was developed by employing a five-step design
procedure (Frazer & Lawley, 2000). A pre-testing of the questionnaire was completed for a
small sample before it was actually administered in the field. The number of sample projects
for this survey was optimally selected to achieve statistical power in the estimates and scientific
procedures were followed in the distribution of these samples. A face-to-face interview was
organised with the participants in each sample project. The detail of these issues are further
discussed in the remaining part of this section. An outline of this section is illustrated in Table
3.10.
Table 3.10: Outline of Section 3.7

Sub-section
3.7.1
3.7.2
3.7.3
3.7.4
3.7.5
3.7.6

Headings
Introduction
Questionnaire design
Sampling procedures and survey distribution
Pre-testing of the questionnaire
Administration of survey
Summary
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3.7.2 Questionnaire design
A comprehensive questionnaire was designed for this survey to elicit data from the selected
micro-hydro projects constructed in Nepal. While designing the questionnaire, the five-step
design procedure of Frazer and Lawley (2000) was adopted (Figure 3.6). Key relevant
themes/sub-themes, arising out of the focus group discussions (FGDs) of the previous
qualitative research, were used to construct the first part of the measurement items in the current
research. The selected themes (attributes) were transformed into different types of questions to
be asked of the participants. Similarly, the sustainability measurement indicators chosen
through the selection process (as discussed in Section 3.6) were used to develop the second
part of the questionnaire. On both occasions, the themes and indicators were broken down into
multiple items and phrased to make user-friendly questions (Frazer & Lawley, 2000).

Step one:
Determine the required information and survey participants
Step two:
Determine the interview method and length of interview
Step third:
Prepare draft questionnaire
Step four:
Pre-testing and revision of questionnaire
Step five:
Assess the reliability and validity of the questionnaire
Figure 3.6: Survey questionnaire design process
Source: Adopted from Frazer and Lawley (2000)

A personally administered survey method was chosen for this research. Although the microhydro projects were scattered and reaching such geographically dispersed segments was time
and resource consuming, the researcher had no better alternatives. The targeted participants
were not easily accessible via the internet and telephone and the data to be collected was
complex in nature. Therefore, face-to-face interview was preferred as the communication

[84]

method in this research phase. A team20 of trained enumerators was mobilised to go to those
selected project locations for collecting the data.
The survey questionnaire was composed of 10 different sections. A short introduction of the
current research and some ethical considerations to be followed during the interview were
highlighted on the front page. To guide the participants and the interviewers, each section
started with a brief overview of the questions. In addition, necessary instructions (in italic) and
tips were provided straight before the question. As appropriate, some directions for skipping
non-applicable questions were also included. The last page of the questionnaire was left
purposefully blank for additional comments or questions. A summary of the questionnaire is
presented in Table 3.11 and the full version is included in Appendix 3.2.
Selection of measurement scales was another concern in designing the survey questionnaire.
Due to the complex nature of the data, a single measurement scale was not practically feasible.
Most of the data to be collected through this questionnaire were ordinal type, meaning that they
were non-numeric concepts. Thus, the focus of this questionnaire was to measure intensity of
opinions (i.e. importance and significance) on certain issues. Therefore, a 5-point Likert scale
was selected as a primary measurement scale for this survey. However, nominal scales (e.g.
yes, no, institution type, etc.) and numerical scales (e.g. cost, capacity, customer numbers, etc.)
were also used in the questionnaire.
Fully labelled 5-point scales with varying labels were purposefully chosen for this research
phase. The 5-point scale is considered effective (Revilla, Saris, & Krosnick, 2014) and to be
used when the respondents are the general public (e.g. local community people). Similarly,
appropriate labelling helps the respondents to better interpret the scales. Another reason for
selecting the fully-labelled scale was to minimise reserved items bias (tendency of responding
two items that are opposite in meaning, in the same direction) (Weijters, Cabooter, &
Schillewaert, 2010). Finally, response categories were labelled in such a way that they were a
good fit to the question. The format selection was guided by the context (i.e. question to be
asked) and data type to be obtained. In the current questionnaire, nine different label formats
(Table 3.12) were used. For better judgement of these labels, the 1-5 scale was provided for
every measurement item to be evaluated.

20

The team comprised six enumerators.
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Table 3.11: An overview of the survey questionnaire

Section

Questions

Description
items

of

measurement Measurement scales

Part one: Attributes of micro-hydro projects
Cover page

Brief introduction of current
research and ethical
requirements.

Section-1

Q1-Q3

Section-2

Q4-Q7

Section-3

Q8-Q9

Section-4

Q10

Section-5

Q11-Q16

Section-6

Q17-Q21

Section-7

Q22-Q23

Section-8

Q24-Q26

Planning and development of
micro-hydro project.
Upfront investment costs,
funding source and development
approach.

Ordinal and interval

Residential use of electricity and
local business and enterprises.
Electricity tariff structure and
billing system.

Ordinal and interval

Various aspects of day-to-day
operation and management of
the project.
Post-installation support and
repair and maintenance
practices.

Nominal, ordinal and
interval

Financial management including
income, expenses, book keeping
and audit practices.
Contextual factors, namely
external environment and
strategies pursued by the
management team.

Ordinal and nominal

Interval and nominal

Nominal

Ordinal and nominal

Ordinal and nominal

Part two: Measurement of sustainability indicators
Section-9

Q27

Growth in customers and
residential power demand.

Interval

Section-10

Q28-Q48

Sustainability assessment in
terms of economic, social,
environment, technical and
institutional performance.

Interval, ordinal and
nominal

Final comments

This space was available for
providing additional comments
or asking questions.
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3.7.3 Sampling procedures and survey distribution
This quantitative survey was conducted on Nepal’s off-grid micro-hydro projects. Schemes of
5 kW to 100 kW capacity and having at least five years of operational experience were
considered for this survey. Considering the resource availability, road accessibility and
geographical representation, the survey was designed to be conducted in four different
locations (11 districts) of the country. By employing Cochran’s sample size calculation formula
(based on a 95% confidence level and 5% margin of error), 173 micro-hydro projects were
selected for the survey using a cluster sampling procedure (Barlett, Kotrlik, & Higgins, 2001).
The sampling procedures and survey distribution is further explained in the reminder of this
section.
Table 3.12: Various labels format used in the questionnaire

Likert scale
type
Ordinal-I

Scale
__1

__2

__3

__4

__5

Strongly
disagree

Disagree

Neither
agree nor
disagree

Agree

Strongly
Agree

Ordinal-II

Poor

Below
average

Average

Above
average

Excellent

Ordinal-III

Not at all
important

Low
important

Neutral

Very
important

Essential
important

Ordinal-IV
Ordinal-V

None
No support

Low
A small
amount of
support

Medium
Moderate
support

High
A lot of
support

Excellent
Extensive
support

Ordinal-VI
Ordinal-VII

Never
Not at all

Rarely
Less than a
quarter
(25%)

Sometimes
More than a
quarter
(25%) but
less than half
(50%)

Often
More than
half (50%)
but less than
threequarters
(75%)

Always
More than
threequarters
(75%)

Ordinal-VIII

Not at all
true

Slightly true

Somewhat
true

Mostly true

Completely
true

Poor

Average

Good

Very good

Excellent

Ordinal-IX
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Criteria for inclusion of micro-hydro projects in the survey
Micro-hydro projects with at least five years operational experience were considered for this
survey. It was learnt from the first phase of qualitative study that a typical micro-hydro project
can achieve its optimal level of performance within the first four to five years of operation.
During this period, most of the villagers start using basic electrical appliances, and local
businesses and enterprises are established in the villages. Further, these off-grid energy projects
were initially designed with a load forecast for the first five years. Therefore, projects
constructed in 2013 or before were included in this study.
In Nepal, small-scale hydropower projects with a capacity ranging from 5 kW to 100 kW are
considered to be micro-hydro projects. More than 95% of these community managed schemes
have been developed under the government’s subsidy program. Thus, all these projects have
had to follow similar technical standards and implementation guidelines. Therefore, microhydro projects with installed capacity with more than 5 kW and up to 100 kW were included
in this survey.
A total of 750 micro-hydro projects that meet the aforementioned criteria, were identified from
the official database (AEPC, 2014). These projects were constructed across the hilly regions
(in six of the seven provinces21) of the country. Province-wise micro-hydro projects constructed
before July 2013 are presented in Table 3.13.
Table 3.13: Number of micro-hydro projects constructed before July 2013

Total
MHPs

Province 1

Province 3

Province 4

Province 5

197

141

209

42

Province
6
46

Province 7
115

Source: AEPC (2014)

Most of these projects are scattered and located in remote areas without road connectivity.
Travelling from one project to another may take a few days or a week. Therefore, sampling
across the whole country was practically infeasible. Hence, a four-step procedure (Table 3.14)
was followed to identify feasible, yet geographically representative, survey locations. The
four-step selection process identified four strata. The total number of eligible micro-hydro
projects and names of districts under each selected stratum are presented in Table 3.15.

21

Province 2 is plain land, therefore, not feasible for micro-hydro project development.
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Table 3.14: Selection process for survey locations

STEP 1

Out of a total of six, only four provinces (1, 3, 4 and 7) having the highest
number of micro-hydro projects were selected for this survey.

STEP 2

In each selected province, districts having more than 10 micro-hydro projects
were shortlisted for further assessment.

STEP 3

Adjoining districts having more than 10 projects were bundled to form a cluster.
Two clusters with the highest number of MHPs were selected from each
province.

STEP 4

Considering accessibility and logistics, one cluster was selected from the two
from each province.

Table 3.15 : Selected districts for the survey

Total MHP
population (313)
Study districts
(11)

Stratum 1
83

Stratum 2
69

Stratum 3
93

Stratum 4
68

Khotang
Okhaldhunga
Ramechhap
Sindhuli

Dhading
Gorkha
Lamjung

Baglung

Achham
Bajhang
Bajura

Determination of sample size
This study considered 313 micro-hydro projects from the selected 11 districts, and meeting the
inclusion criteria, as a total population.
Based on this total population, the survey sample size was derived with a 95% confidence level
and 5% margin of error. Cochran’s formula (Equation 3.1) was employed to calculate the
minimum number of projects to be surveyed in the current research.

𝑛0 =

𝑍 2 𝑝𝑞
𝑒2

----------------- (3.1)

Where,
e - is the desired level of precision (i.e. the margin of error, e=0.05).
p - is the estimated proportion of population which has the attribute in question. The p
value of 0.5 is considered for this calculation.
q= 1-p
The Z-value is found in the standard normal table (Z=1.96 for 95% confidence)
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By employing the above formula, the minimum number of samples to be surveyed was 384.
However, since this sample size exceeds 5% of the total targeted population (313 X 0.05=16),
Cochran’s correction formula (Equation 3.2) was employed for re-calculating the final sample
size (Barlett et al., 2001).

𝑛=

𝑛0

(𝑛 −1) ------------------ (3.2)
1+ 0
𝑁

Where, no= 384
N =313 (total eligible population in the study locations)
From the above calculation, the final number of samples for this research was 173. Based on
the total required samples and stratification, the number of projects to be surveyed were
proportionally distributed in each stratum (Table 3.16).
Table 3.16 : Distribution of samples in four different stratums

Cluster Number
Number of MHPs to be surveyed

Stratum 1
46

Stratum 2
38

Stratum 3
51

Stratum 4
38

The sample size was further examined for PLS-SEM analysis. In the PLS-SEM, two procedures
are followed to identify the minimum number of observations. The thumb of rule is that the
sample size should be “10 times the maximum number of formative variables used to measure
a construct or maximum number of structural paths pointing at a latent construct” (Hair, Ringle,
& Sarstedt, 2011). In this research, the maximum number of indicators used to measure a latent
construct is five (see Table 3.20), therefore, therefore, 50 observations is sufficient based on
this criterion. Hair et al. (2013) provided the sample size recommendation table for PLS-SEM,
which helps researcher to choose minimum number of observations required for detecting
different range of minimum R2 values (i.e. 0.1, 0.25, 0.50 and 0.75). Accordingly, when the
maximum number of arrows pointing at a construct is five, a sample of 147 is sufficient to
achieve a statistical power of 80% for detecting minimum R2 value of 0.10 with a 5%
probability of error. Therefore, finally, the sample size of 173 is confirmed as being
appropriate.

3.7.4 Pre-testing of the questionnaire
The survey questionnaire was pre-tested in a small sample of projects before it was actually
administered in the field. A pretesting is a pilot demonstration of a field survey instrument in
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order to identify and fix problems before a standardised set of procedures is finalised (Wolf,
Joye, Smith, & Fu, 2016). Standardisation of the survey instrument helps to minimise
inconsistencies in the administration and ensure that differences observed during the survey
are genuine (Collins, 2003). By testing the instrument in a small sample of projects, the
researcher checked that:


interviewers read the questions as worded and provided respondents with all the
necessary information and probes;



all respondents understand and interpret the questions in a consistent way and are able
to answer them in the way required by the researcher; and



all the ethical requirements are fulfilled during the administration of the survey.

A form of the interviewer debriefing technique (Wolf et al., 2016) was employed for each test
survey interview. On top of this, the researcher constantly monitored verbal behaviour of
interviewers and respondents to identify any non-paradigmatic sequences in the questionnaire.
The remainder of the pre-test process is described in next paragraphs.
The pre-testing was organised at three micro-hydro project locations. A total 10 participants
(Table 3.17) were recruited for the survey interviews. The researcher and six interviewers22
conducted these interviews on three consecutive days.
Table 3.17: Pre-testing samples and participants

Name of Projects
Malekhu Khola-III (25 kW)
Malekhu Khola-IV (16 kW)
Malekhu Khola-V (18 kW)

Chair
person
1
1
1

Project
manager
1
1
1

Management team
member
2
1
1

Total
4
3
3

Although all three projects were in the same stream, they were owned and managed by three
different communities. Further, the operational experience, number of end-uses, access to road
and market and other infrastructure were also diverse from one project to another.
The first interview was administered by the researcher and the remaining enumerators were
asked to observe the whole process. In the following interviews, two enumerators worked in a

22

The researcher recruited six interviewers for conducting this field survey. Local enumerators, having
demonstrated skills and experience about the customs and traditions of these places (study sites), were selected.
During the interviewers' orientation program, these requirements were informed. During the pre-testing of the
survey, the researcher evaluated performance of each interviewer in regard to these requirements and provided
feedback for improvement.
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group, one asking the questions and the second person taking notes. The participants of the first
day’s interviews had no prior knowledge about the questionnaire. In the following meetings
(second and third days), the survey questionnaire was handed over to the participants one day
before the meeting. The researcher constantly monitored all the interview sessions and took
notes including the meeting durations. After each day’s interview sessions, there was an
interviewers’ debriefing session. These sessions were helpful to collect feedback and clarify
issues especially if there were any problems encountered each day. The pretesting sessions
served as an orientation program for the interviewers.
The three days long pre-test was completed without any significant changes to be made in the
questionnaire. However, in question number 17, one measurement item “grant support for
reconstruction of canal and distribution lines” was found missing, so the researcher
incorporated the item in the final questionnaire. Similarly, a few other questions like estimating
average electricity demand of domestic customers (Question 27), plant factor (Question 39)
and evaluating the electricity service quality (Question 44), were found difficult for both the
interviewers and the respondents. Therefore, some additional tips (e.g. question 44) and probes
were added later in the final questionnaire. The researcher also conducted a separate session
for the interviewers to discuss these issues. It was also noticed that the second and third days’
interviews went relatively faster than the average time taken by the first four respondents who
did not get the chance to read the questionnaire before the interview. Similarly, among the
participants, the managers were found much more helpful as they were familiar with the data
to be collected for this survey.

3.7.5 Administration of survey
There was a straight forward selection process for survey participants, who all had expertise
on the project in question. The participants for this survey were the managers of the selected
micro-hydro projects. As the data to be collected were primarily project related, the managers
were the most suitable candidates for this survey. If the manager was not available for some
reason, a deputy head or a senior executive member was approached. To speed up data
collection and enhance data quality, technical staff and management team members were also
encouraged to participate during the interview.
This quantitative survey was conducted by the researcher with the help of local enumerators.
The researcher arranged a meeting date with the potential participants and briefly informed
them about the contents of the survey questionnaire. On behalf of the researcher, the
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interviewers visited the project location and handed over a copy of the questionnaire to the
participants at least one day before the meeting.
Participation in this study was voluntary and the questionnaire was designed for approximately
one to one and a half hours. Consent was sought from each participant. The interviewer
provided a consent form and a participant information23 sheet to each selected participant at
least one day before the meeting. All participants were given an opportunity to communicate
with the researcher (via telephone or email) or the interviewer for any clarifications. Written
consent was collected from each participant and oral consent of each participant was sought
before the interview.
One questionnaire was completed in each project location. A face-to-face interview was
organised with the selected participants. During the meeting, the interviewers assisted the
participants to better understand and complete the survey questions. After completing each
interview, the interviewers were asked to transform the responses into the prescribed answer
sheet (see Appendix 3.3) and forward it to the researcher. The researcher checked and validated
the data before they moved to other project locations. This data transfer process helped the
researcher to clarify any inconsistency in the data and ensured timely completion of the survey.

3.7.6 Section summary
Development of the survey questionnaire, determination of sample size, survey administration
and pre-testing of the questionnaire were some of the key topics covered by this section. The
questionnaire development process followed a five-step procedure. The content of the survey
questionnaire was informed by the findings of the qualitative data analysis and indicators
selection process. The first section of the questionnaire contained questions related to the
project attributes. The selected sustainability indicators were included in the second part of the
questionnaire. By employing the Cochran’s formula, 173 samples were identified. In the event,
175 micro-hydro projects were sampled and proportionally distributed to four stratums of
Nepal. A personally administered (i.e. interviews) survey method was chosen to obtain the data
from the sample projects. Before conducting the survey, a pre-testing of the survey
questionnaire was organised in a few project locations. The actual interviews were carried out
by a team of enumerators, who were trained by the researcher.

23

This document was prepared for the participants and contained information about the survey. This was one of
the requirements of the HREC.
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3.8 Quantitative Data Analysis
3.8.1 Introduction
The previous sections of this chapter have discussed the methods for: (i) identification of key
attributes (input and process variables), (ii) selection of key sustainability performance
measurement indicators, and (iii) quantitative survey and data collection. The quantitative
survey, which was administered at 175 micro-hydro projects of Nepal, obtained two sets of
data, one for the project attributes and the second for the sustainability indicators. Some of the
indicators were used to form several exogenous latent constructs whereas others were
employed to form endogenous latent variables. This section describes methods for the analysis
of the data set and interpretation of results.
This phase of data analysis involved multiple dependent and independent variables,
predominately categorical data with a relatively low number of observations. Further, most of
the dependent variables were latent and unobservable directly and, therefore, needed to be
constructed with the help of measured indicators. For example, ‘knowledge level of
management team’ was one of the variables of interests (project attributes). To measure this
construct, three indicators were included in the survey questionnaire, namely: (i) knowledge of
operation and maintenance of the micro-hydro project, (ii) knowledge of local power demand
and supply, and (iii) knowledge of productive uses of electricity. During the second phase
(quantitative) of research design, these unobservable latent constructs were recognised and
corresponding observed indicators were thus included in the survey questionnaire.
Given the complexity of the data, the multivariate approach – Partial Least Squares-Structural
Equation Modelling (PLS-SEM) – was chosen as the most suitable data analysis technique for
this phase of data analysis. The PLS-SEM is suited to dealing with complexity and can estimate
relationships between the exogenous latent constructs (attributes) and endogenous latent
variables (sustainability dimensions). This research analysis employed SmartPLS (v.3.2.8) to
run the PLS-SEM algorithm. SmartPLS allows creation of visual path models (measurement
and structural) that represent the established hypothesis and potential relationships to be
examined (Hair, Black, Babin, & Anderson 2014).
In the evaluation and interpretation of the PLS-SEM results, three sets of criteria were used,
one for each of the: (i) reflective measurement models, (ii) formative measurement models,
and the (iii) structural model. The final PLS-SEM path model, which is the result of a series of
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evaluation processes and combines the measurement models and structural model, illustrates
path coefficients and total variance of each endogenous variable explained by their
corresponding predictors (exogenous variables). The path coefficients and their relative
contributions and R2 values are discussed in the result and discussion chapters. The remainder
of this section describes the rationale for using the PLS-SEM, the model development process,
and evaluation and interpretation of the SEM model. Table 3.18 shows the outline of Section
3.8.

3.8.2 Partial least squares structural equation model (PLS-SEM)
The PLS-SEM is an Ordinary Least Squares (OLS) regression-based data analysis technique
that involves two stages of data processing and analysis (Hair, Hult, Ringle, & Sarstedt, 2013;
Henseler, Ringle, & Sarstedt, 2012).
Table 3.18: Outline of the Section 3.8.

Sub-section
3.8.1
3.8.2
3.8.3
3.8.4
3.8.5
3.8.6
3.8.7

Headings
Introduction
Partial least squares structural equation model (PLS-SEM)
Rationale for using PLS-SEM
Formation of the measurement models
Formation of the structural model
Evaluation of PLS-SEM model
Summary

Firstly, it calculates the scores of the constructs from the known observed indicator variables.
Then, in the next stage, these scores serve as inputs for several regression models within the
path model. For each type of measurement model (i.e. formative and reflective) and structural
model, these latent constructs serve differently, thus, different type of regression models are
used. For example, in the formatively measured constructs, the indicators serve as independent
variables whereas the construct serves as dependent variable. In contrast, the indicators in the
reflective measurement models work as multiple dependent variables. Similarly, in the
structural model, the same latent construct (dependent in the measurement model) serves as
exogenous when it influences another endogenous variable. Finally, the PLS-SEM algorithm’s
iteration procedure calculates coefficients for all relationships in the measurement models
(loadings and weights) and structural model (path coefficients). Table 3.19 illustrates a
summary description of dependent and independent variables, regression model used and type
of coefficient estimated for each measurement model and structural model (Henseler et al.,
2012).
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Table 3.19: A summary description of the path model

Formative
measurement
models
Reflective
measurement
models
Structural
model

Dependent
variables
Latent
construct

Independent
variables
Observed
indicators

Regression model used

Observed
indicators

Latent
constructs

Single regression for
each indicator

Outer loadings

Endogenous
construct

Exogenous
constructs

A partial regression for
each endogenous
construct

Path
coefficient

Partial multiple
regression

Estimated
coefficient
Outer weights

Source: Hair et al. (2013) and Henseler et al. (2012)

The PLS-SEM algorithm thus estimates several regression models within the path model. The
outer weights are the estimates from multiple regressions in the formative measurement models
(multiple independent indicators and single dependent construct), whereas the loadings are
primarily the estimates of single regression models of a reflectively measured model (single
independent construct to several dependent indicators). Therefore, the weights are associated
with the formative measurement models and the loadings are related to reflective constructs
(Hair et al. 2013, p.77). Further, the PLS-SEM estimates path coefficient of structural models
and R2 values. The path coefficients are the partial regression model estimates from each
predecessor latent construct to endogenous variable. The R2 values are the percentage of total
variance of the constructs explained by their corresponding predictors.

3.8.3 Rationale for using PLS-SEM
The current research contains a number of interrelated equations involving dependence
relationships. The interrelationship of the equations occurs because more than two variables
were involved, with one influencing a second which in turn influences a third. For example,
one relationship to be examined was power reliability and economic performance of an offgrid energy project. To explain this relationship, we have to ask a series of questions: what
variables determine power supply reliability? How does that reliability combine with other
variables to affect the establishment of SMEs in the project location? How do local SMEs result
in electricity sales revenue growth? How does the growth in sales revenue contribute in
economic sustainability? Therefore, it was not appropriate to simply define independent and
dependent variables as is done in traditional regression analysis, as the hypothesised dependent
variable becomes an independent variable in a subsequent relationship. For example, if we
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believe that institutional sustainability supports technical sustainability, and the technical
performance helps economic sustainability, then technical sustainability is both a dependent
and an independent variable. Further, we required a data analysis method that will consider all
input information, enable us to test the entire conceptual model, and examine a series of
dependence relationships simultaneously.
In the context of the current research, structural equation modelling (SEM) is the most suitable
quantitative data analysis option. The SEM model, which is an extension of several multivariate
techniques, can examine a series of interrelated dependence relationships between a set of
latent variables constructed by several measured variables (Ali, Rasoolimanesh, Sarstedt,
Ringle, & Ryu, 2018; Hair, et al., 2014; Sarstedt, Ringle, Smith, Reams, & Hair, 2014). The
three main features of the SEM include (i) it can estimate multiple and interrelated dependence
relationships, (ii) it can represent unobserved concepts in these relationships and account for
measurement error in the estimation process, and (iii) it can develop a model to explain the
entire set of relationships (Hair et al. 2014).
As the current research objective focuses on prediction and explaining the variance of key
target constructs ( e.g. sustainability dimensions of off-grid micro-hydro projects) by different
explanatory latent constructs (e.g. project attributes like management characteristics, postinstallation support, local participation), partial least squares SEM (PLS-SEM) was found the
most appropriate technique. There is a large number of published studies (Ali, Rasoolimanesh,
Sarstedt, Ringle, & Ryu, 2018; Hair, Black, Babin, & Anderson, 2014; Hair, Sarstedt, Pieper,
& Ringle, 2012) that describe PLS-SEM as second generation data analysis techniques. It is
particularly appealing when the data set consists of multi-scales and the latent constructs are a
mixture of reflective and formative constructs. Further, PLS-SEM can predict data with strong
statistical power from a small sample of observations. The PLS-SEM technique is explicitly
recommended by Hair et al. (2011) if: (i) the research goal is predicting key target constructs
or identifying key “driver” constructs, (ii) formative measurement model (constructs) are part
of the structural model, (iii) the structural model is complex (many constructs and many
indicators), and (iv) the sample size is relatively low, all of which is the case in this study. The
PLS-SEM involves a path model, which is the combination of several measurement models
and a structural model. The model formation process is described in next section.

[97]

3.8.4 Formation of measurement models
In the PLS-SEM model, all exogenous and endogenous latent constructs are created using
measured indicators. In the formation of a latent construct, several individual measured items
are typically utilised. There are two key benefits of using multiple items in the formation of
these latent constructs: (i) multiple items capture different aspect of the concept variable, and
(ii) multiple items minimise the measurement errors, if they are accurately measured (Hair et
al., 2014). In some instances, only one indicator variable is also used to form a construct.
These measurement models are of two types: (i) formative, and (ii) reflective. As illustrated in
Figure 3.7, in the formative measurement model, the indicator variables define or cause the
construct, where as in the reflective measurement model, the construct determines the indicator
variables. Correct choice of measurement model ensures content validity of the construct and
correct interpretation of the structural model relationships (Coltman, Devinney, Midgley, &
Venaik, 2008; Roy, Tarafdar, Ragu-Nathan, & Marsillac, 2012).

Figure 3.7 : Formative and reflective models

In this research, two different sets of indicator variables are used. The first group of variables
were identified by the qualitative study. In the qualitative data analysis, these variables were
primarily used to define the project themes (i.e. attributes). In the PLS-SEM analysis, the same
set of indicators and themes are used as indicator variables and constructs. Therefore, all the
exogenous variables, used in the PLS-SEM path model, are considered formative measurement
models. There are five other endogenous variables (formative constructs) used in the PLS-SEM
model. They are the five dimensions of sustainability. Altogether 16 sustainability indicators
were utilised to represent the five endogenous variables (i.e. sustainability dimensions) in the
model. Out of 16 indicators, 13 were selected through the indicator selection process (see
Table 4.13). The remaining three were taken from the qualitative study findings. In the
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indicator selection process, the criteria were designed assuming that these indicators contribute
to the corresponding dimensions of sustainability. Therefore, they are considered formative
construct too. However, some researchers have argued that sustainability indicators can be used
in both ways (i.e. formative or reflective) and is a subjective decision (Khan, Dewan, &
Chowdhury, 2016). For this reason, the researcher also carried out a separate PLS-SEM
analysis, employing these five sustainability dimensions as reflective construct. The findings
of the path model with these reflective measurement models were however not as good as with
formative models.
While designing the survey questionnaire for this research, indicators and their measurement
scales were carefully selected so that the data obtained from the survey could be used directly
to construct several latent variables. In the process, most of the field observations were directly
used, whereas in some instances, the information obtained from several questions in the survey
was used to construct variables that were then used in the model formation. For example, profit
was one of the final indicators of interest in this research.
During the survey, several items of information (i.e. sales revenue, salary, operation costs, etc.)
were measured and these measurements were further computed to calculate profit. As much of
the data obtained from the survey was in the form of multi-item scales, the indicators from
these scales were able to be used to establish latent constructs. A list of latent constructs, their
measurement items and the measurement models is presented in Table 3.20.

3.8.5 Formation of structural models
The structural model involves establishing linkages among the latent constructs (exogenous
and endogenous variables). All these relationships in the structural model were based on the
16 hypothesises (Table 3.21).
These hypotheses and concepts underlying the formation of the structural model were derived
primarily through (i) the qualitative study findings, (ii) previous study findings (i.e., literature
reviewed) and (iii) logic. The qualitative analysis revealed a number of overarching themes
and sub-themes (Table 4.7-4.8, Section 4.2). The exogenous variables used in this analysis
were created from the same list of themes and sub-themes. Similarly, the five dimensions of
sustainability are the endogenous variables.
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Table 3.20: Latent constructs and measurement items

Latent Constructs

Measurement Items

Measurement models

a. Exogenous constructs
1. Participatory
Planning and
Design [PPD]

Local community organised several
meetings in the village to discuss and plan
this project. [PPD_1
Local community helped the engineers in
conducting the feasibility study. [PPD_4]

2. Productive
Electricity uses
[PUE]

The beneficiary village is with small
marketplaces[PUE_1]
Knowledge on productive uses of
electricity. [PUE_2]
Post-installation support for establishing
local businesses and enterprises. [PUE_3]
Priority of management team in
establishing enterprises [PUE_4]

3. Knowledge
level of
Management
Teams [KMT]

Knowledge on Operation and maintenance
of the micro-hydro project. [KMT_1]

4. Performance of
Management
Team [PMT]

An uninterrupted power supply in the
village [PMT_1]

Knowledge on local power demand and
supply. [KMT_2]

Job descriptions of all staff/management
team members [PMT_4]
Team-work and coordination [PMT_5]
Proper documentation [PMT_6]

5. Operation
practices

Use of financial management systems
[FMP_1]
Fixed date for bills payment [FMP_2]
Dedicated staff for collecting payments
[FMP_4]
Providing receipt for every payment
[FMP_5]
Books keeping and monthly statements
[FMP_6]

6. Expertise of
Technical Staff
[ETS]

Relevant work experience [ETS_1]
Technical knowledge and expertise
[ETS_2]
Relevant training and exposure [ETS_3]
Support for operation and management of
the power plant. [PIS_1]
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7. PostInstallation
Support [PIS]
8. Operation
Practices [OSP]

Support for training and other capacitybuilding programs [PIS_4]
Use of standard operation guidelines in the
day-to-day operation of the project [OSP_1]
Maintenance of technical log book in the
powerhouse. [OSP_2]
Full compliance with safety standards.
[OSP_4]

9. Contextual
External Factors
[CEF]

Road access. [CEF_1]
Credit facilities. [CEF_2]
Contact with the supporting organisations.
[CEF_3]
We have some NGOs working in our
village. [CEF_4]

b. Endogenous constructs
10. Economic
Sustainability
[ECO-SUS]

Profit (Sales revenue-expenses). [ECOSUS_1]
Growth in household electricity
consumption. [ECO-SUS_2]
Share of electricity consumed by local
businesses and enterprises (productive uses
of electricity). [ECO-SUS_3]
Increment in plant factor (plant efficiency).
[ECO-SUS_4]

11. Social
Sustainability
[SOC-SUS]

Improved education facilities. [SOCSUS_1]
Reduced in work load. [SOC-SUS_2]
Local job opportunities. [SOC-SUS_3]

12. Environment
Sustainability
[ENV-SUS]

Percentage of total households in the
village that are purchasing services or
products from agro-processing mills
powered by the micro-hydro electricity.
[ENV-SUS_1]
Percentage of total local businesses and
enterprises that are currently using
electricity from this micro-hydro project.
[ENV-SUS_2]

13. Technical
Sustainability
[TEC-SUS]

Uninterrupted power supply throughout the
year. [TEC-SUS_3]
Quality of power supply. [TEC-SUS_4]
Safety measures in power supply. [TECSUS_5]
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14. Institutional
Sustainability
[INS-SUS]

All savings are regularly deposited to the
bank. [INS-SUS_1]
Our management regularly carries out an
annual financial audit. [INS-SUS_2]
Stock of spare parts at the store. [INSSUS_3]
Payment of bills (in %) over the last three
months. [INS-SUS_4]
Retention of staff members in the project.
[INS-SUS_5]

c. Single item exogenous constructs
15.Flexibility in
Electricity Use
[FEU]
16.Tariff and
Billing System
[TBS]
17.Plant
Operation Hours
[POH]

Level of electricity access to residential
customers. [FEU_1]
Smart electricity tariff structure in the
project. [TBS_1]
Total hours of plant operation in 24 hours.
[POH_1]

The measurement indicators of these dimensions were identified though the indicator selection
process (see Table 4.13, Section 4.3).
The qualitative analysis also indicated some potential relationships between the project
attributes and their sustainability performance. For example, the projects where local
communities actively participated during the planning phase, were found to be technically
better performing projects. Similarly, better technical performance was observed in those
projects where the post-installation support was adequate. Further, the relationships between
the project attributes and the sustainability dimensions were further supported by the literature
reviewed and logic. For example, if post-installation support helps to promote agro-processing
and business, then it’s apparent that it will contribute to achieving economic sustainability.
This is because the success of local businesses improves the plant factor and leads to increases
in the electricity sales revenue of the project.
In this research, 11 exogenous latent constructs (i.e. TBS, FEU, POH, KMT, CEF, PPD, ETS,
PIS, OPS, PMT and FMP) were linked with three corresponding endogenous variables (SOCSUS, TEC-SUS, INS-SUS).
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Table 3.21: Hypothesised relationships in the path model

Hypothesis
H07: Involvement of local
people in planning and
designing a project will
have positive impact of its
technical performance.
H08: Expertise and
knowledge of technical
staff influence the
technical performance of
projects
H09: Post-installation
support positively impacts
technical performance of
the projects.

Exogenous
variables
[PPD]

[ETS]

[PIS]

H10: daily plant operation
practices (e.g., technical
guidelines, log-book, and
safety procedures) and
technical sustainability are
correlated.
H13: Institutional
sustainability of a project
has a positive impact on
technical sustainability.

[OPS]

H12: Financial
management practices and
institutional performance
are correlated.

[FMP]

Endogenous Justification
variables
[TEC-SOC] A number of meetings and
involvement of local people in
the project help to identify more
suitable project location and
accurate design.
Technical knowledge, relevant
work experience and exposure of
micro-hydro project staff
enhance day-to-day plant
operation.
Post-installation support such as
developing technical guidelines,
training for plant operators,
improve technical capability and
performance of local mini-grid
projects.

[INS-SUS]

[INS-SUS]
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Use of standard operation
guidelines, maintaining technical
log-book and full compliance
with safely standards improve
safety and uninterrupted power
supply.
A good management team can
retain experienced staff, allocate
maintenance fund, monitor staff
performance and ensure
adequate spare-parts at the time
of emergency breakdown of
equipment. They can also
maintain good relationships with
service providers and records of
important repair works.
A transparent financial
management system of the local
energy project, such as a fixed
date for tariff payment,
dedicated staff for billings, book
keeping and monthly financial
statement help to improve the
organisation’s accountability and
credibility.

H11: Performance of
management team
members drives
institutional development
aspects of the projects.

[PMT]

H01: Smart tariff structure
has positive impact on
social performance

[TBS]

H02: Flexibility in use of
electricity (availability of
power for all appliances)
and social sustainability of
the project are correlated.

[FEU]

H03: Higher number of
operation hours supports
improving social
sustainability of the
project.
H04: Knowledge level of
local management team
positively influences the
social sustainability of the
projects.

[POH]

H05: External factors like
roads, credit facilities,
NGOs influence the social
aspect of the projects.

[CEF]

[SOC-SUS]

[KMT]
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Clear job description, team work
and coordination among the staff
and management team members
and proper documentation of
events/activities enhance
institutional performance of
local mini-grid projects. Level of
management priority for
uninterrupted power supply in
local communities is another
important factor for institutional
sustainability.
Smart tariff, demand-based tariff
structure in particular, helps to
increase electricity access at the
local level. Further, such a tariff
mechanism allows households to
demand more power (e.g., more
electrical appliances) as their
income increases.
Higher level of flexibility in use
of electricity enables residential
customers to buy more
appliances. It also allows local
people to establish more
enterprises in the communities.
These activities contribute to
improving livelihoods.
UWith an uninterrupted power
supply households consume
more electricity and local
enterprises can run in a more
sustainable manner.
Knowledge level of the project
management team influences the
choice they make in daily plant
operation and management.
Smart managers closely monitor
the supply/demand pattern and
encourage local people to use
more appliances. They also
attract more enterprises.
Access to road, credit facilities,
relationships with supporting
agencies and local NGOs create
additional opportunities (e.g.,
local market, capacity building,
and networks) in the
communities.

H06: Productive
electricity uses directly
contribute in the electricity
sales revenue and plant
factor

[PEU]

H14: Improvement in
technical performance
enhances the economic
sustainability of the
project.
H15: Social sustainability
contributes in achieving
economic sustainability of
the projects.

[TEC-SUS]

H16: Improvement in
social sustainability
contributes in
environmental
sustainability.

[ECO-SUS]

[SOCSUS]

[SOCSUS]

[ENV-SUS]

Priority of management team for
productive use of electricity,
access to market place for local
products and post-installation
support (e.g., training, grants)
contribute to growth in local
business and enterprises. Such
growth ultimately increases
electricity sales revenue.
More reliable and longer hours
of power supply contribute to:
(i) growth in domestic power
demand, (ii) growth in local
businesses and enterprises.
Improved social status of local
people also contributes to
electricity sales revenue. People
with improved livelihoods use
more appliances at their
households. Similarly, more
electricity is consumed in
community facilities (e.g.,
schools, health posts), retail
shops (e.g., restaurant, meat
shops) and service centres (e.g.,
agro-processing mills,
communication centres). Such
changes ultimately help to
improve economic sustainability
of local mini-grid projects.
Due to improved livelihoods of
local people, obviously more
energy is supplied from cleaner
micro-hydro projects. Further,
many conventional energy
sources will be replaced. For
example, micro-hydro plants
replace diesel-powered agromills, less firewood will be used
in the communities. Therefore,
improvement in social
sustainability helps to avoid or
reduce diesel and kerosene
consumption.

These three endogenous (mediating) constructs and one exogenous construct (PEU) were
further linked to the final endogenous construct of economic sustainability (ECO-SUS). There
were two more connections, one linking from institutional sustainability (INS-SUS) to
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technical sustainability (TEC-SUS) and the last one from social sustainability (SOC-SUS) to
environmental sustainability (ENV-SUS). All these connections are illustrated in Figure 3.8.
At this point only the internal structure of the model is presented in order to facilitate the
description of the method. The results of the estimation are present in the results chapter.

Figure 3.8 : PLS-SEM structural path model

3.8.6 Evaluating PLS-SEM models
The goal of the PLS-SEM algorithm is to maximise the R2 values, thereby identifying more
accurate predictors (Hair et al., 2013; Henseler et al., 2012). However, the path coefficient and
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R2 values are not enough for drawing any final conclusions. There are many other criteria which
help to systematically evaluate the model and interpret the results. The PLS-SEM does not have
a single model fitness value as is available for covariance-based SEM (Henseler et al., 2012).
Rather, it follows a process, where the predictive capacity of a model is systematically
examined to confirm its accuracy (Hair et al., 2013, p.97). This is another reason why the
evaluation of the model is critically important. To ensure that the indicators were accurately
selected and the latent constructs were valid, the measurement models and structural model are
evaluated in two stages by employing different sets of criteria (Hair et al., 2013, p.97).

Evaluation of reflective measurement models
In the PLS-SEM analysis, evaluation of reflective measurement models involves reliability and
validity tests. The underlying principle of using multiple measurement indicators in the
reflective constructs is that multiple indicators cover different aspect of the domain of the
construct (Bryman, 2012), and thus achieve its face validity and reliability. Further, use of
accurate measurements of multiple indicators to form a single construct minimises
measurement errors, thus improving the validity. Therefore, reliability and validity of latent
constructs and their observed indicators need to be carefully evaluated.
Reliability test
Reliability is one of the evaluation criteria for reflective measurement models. Bryman (2012)
defined reliability as “consistency of a measure of a concept” (p.169). In the context of the
PLS-SEM reliability test, Hair et al. (2013) has recommended two methods for ensuring the
quality of reflective measurement models: (i) internal consistency reliability, and (ii) indicator
reliability. Internal consistency reliability refers to the degree to which the indicators within a
latent variable are correlated. For example, in this research, measured indicators of the social
dimension were improved education facilities, new jobs and reduced work load. It is then a
desirable condition that these three measured variables are highly correlated. The composite
reliability is one of the preferred criteria to evaluate such internal consistency reliability,
because it ranks the indicators according to their reliability (Hair et al., 2011; Ringle, Sarstedt,
Mitchell, & Gudergan, 2018). Generally, the suggested composite reliability (CR) value is
between 0.7 to 0.95 (Hair et al., 2013).
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However, CR values more than 0.6 are considered satisfactory in exploratory research (Edna,
Juan, & Diana, 2018). Cronbach’s alpha24 is another criterion of internal consistency reliability.
However, this is considered one of the most conservative criteria, thus not recommended in the
evaluation of PLS-SEM (Hair et al., 2013, p.101).
Indicator reliability is another suggested evaluation method, where the indicator loadings of
the reflective measurement models are examined.

A desirable condition is when the

standardised outer loadings are 0.7 or higher (Chin, 2010). The outer loadings of 0.7 or above
ensures that at least 50% of the indicator’s variance25 is explained by its latent construct. Hair
et al. (2013) suggested that indicators with outer loadings between 0.5 and 0.7 should also be
considered for further evaluation for their importance in explaining the domain of the construct.
A summary of the criteria for the reliability test is presented in Table 3.22.
Table 3.22: Evaluation criteria for reliability of reflective measurement models

Evaluation
items
1 Reliability
test

Evaluation
method
Internal
consistency
reliability

Evaluation criteria

Evaluation reference values

Composite
Reliability

0.7
(>0.6 is considered acceptable in
exploratory research)

Indicator
reliability

Indicator loadings

0.7
(>0.5 is considered acceptable in
exploratory research)

(Hair et al., 2013)

Validity test
Validity is the second of the two evaluation criteria for reflective measurement models. The
validity ensures that an indicator or a group of indicators assigned to measure a latent variable
actually represent the concept (Bryman, 2012, P.171). In the PLS-SEM analysis, the validity
of the reflective measurement models are assessed by employing two criteria: convergent
validity and discriminant validity (Hair et al., 2013; Hair et al., 2011).
Convergent validity occurs when each set of indicators converges or shares a high proportion
of the variances of their corresponding constructs. Scholars have suggested different sets of
criteria to determine convergent validity (Cheung & Wang, 2017; Hair et al., 2011). Hair et al.
There are two major issues with the Cronbach’s alpha: (i) it assumes that all indicators are equally reliable
when estimating the reliability, and (ii) it is sensitive to the number of indicators. Therefore, Cronbach’s alpha
value is generally underestimated (Hair et al. (2013, p.101).
25
The variance explained by a construct is the square of (standardised) outer loading of associated indicator.
Therefore, square of 0.7 equals to ~0.50.
24
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(2011) recommended looking at average variance extracted (AVE26) > 0.5 plus checking that
composite reliability is >0.7 to demonstrate convergent validity. Cheung and Wang (2017)
recommended using the AVE criterion plus checking that standardised factor loadings are not
significantly less than 0.5. Therefore, AVE values of more than 0.5 are considered desirable to
claim convergent validity.
Discriminant validity is another evaluation criterion which refers to the uniqueness of the
reflective constructs in the model. Discriminant validity empirically demonstrates the
distinctiveness of one latent construct from the rest (Hair et al., 2013). Cross-loadings and
Fornell-Larckers are two commonly used criteria to confirm discriminant validity in the PLSSEM analysis. Recently, Henseler et al. (2018) claimed that the “Heterotrait-Monotrait Ratio
(HTMT)” is more powerful than the previous two. Therefore, this research employed all three
criteria to demonstrate discriminant validity.
The first criterion is a cross-loading check, which is considered a relatively liberal approach
(Hair et al., 2011). In the cross-loading evaluation, the outer loadings of indicators of each
reflective construct are compared with all other cross-loadings. These loadings should be
higher than the cross-loadings.
The Fornell-Larcker is considered a relatively more conservative criterion, where each latent
construct’s average variance extracted (AVE) value should be higher than the construct’s
squared correlation with any other latent construct (Hair et al., 2013). The greater AVE values
indicate higher variance of indicators explained by the reflective constructs, and thus establish
discriminant validity.
The Heterotrait-Monotrait Ratio (HTMT) is another recommended criterion for determining
discriminant validity problems. The HTMT refers to an estimation of the correlation of the
latent variables. If the HTMT values of any two reflective constructs are lower than one, this
indicates that the correlation between them is smaller than one, meaning that they are different
from each other (Henseler et al. 2015). HTMT values below 0.9 indicate that each reflective
constructs is distinct (Henseler, Ringle, & Sarstedt, 2015; Ringle et al., 2018).

26

AVEs are calculated in two steps: firstly, the loadings of the indicators are squared to get the variance. After
that, all the squared values (variances) will be summed up and divided by the number of indicators to obtain
the average variance extracted (AVE). The AVE and communality are equivalent in PLS-SEM (Hair et al., 2013).
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The evaluation criteria and reference values of the proposed validity tests of the reflective
measurement models are summarised in Table 3.23.
Table 3.23: Evaluation criteria for reflective measurement models

Evaluation
method
Convergent
validity

Evaluation criteria

Reference values

Average Variance
Extracted (AVE)

> 0.5

Discriminant Fornell-Larcker
validity
criterion
Cross loadings

The AVE of each latent construct should higher
than the construct’s highest squared correlation
with any other latent construct
An indicators loadings should be higher than all of
its cross loadings

Heterotrait-Monotrait
Ratio

The Heterotrait-Monotrait Ratio (HTMT) values
should be lower than 0.9.

Source: adopted from Hair et al. (2011)

Evaluation of formative measurement models
Similar to reflective measurement models, the concept of measuring multiple indicators in the
formative measurement models is that the indicators fully cover the content of the latent
constructs. Each indicator in the formative measurement models contributes to the construct’s
formation, therefore, correlation patterns among the observed indicators within a formative
constructs are not expected. In formative measurement models, the indicators are the
independent causes of the latent constructs, therefore, issues like internal consistency and
measurement errors are irrelevant (Diamantopoulos & Siguaw, 2006). Further, in the PLSSEM estimation, the outer weights of the formative indicators are used, therefore evaluation
criteria like convergent validity and discriminant validity proposed for the reflective models
are not relevant for formatively constructed variables. Rather, Hair et al. (2013, p.119)
emphasised ensuring content validity during the development of formative measures. In
addition to this, other criteria like multicollinearity, relative and absolute contribution of
indicators and their significance are considered when evaluating formative measurement
models.
Content validity: All the formative measurement models (constructs and indicators) shown in
the path model were originally derived from the previous qualitative study findings. These
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measurement indicators were also supported by previous research findings. Therefore, there is
evidence of the content validity of the formative measurement models presented in this study.
Collinearity issues: Existence of high level of correlations between the formatively measured
indicators is referred to as a collinearity issue. This is an undesirable condition in the PLS-SEM
modelling because: (i) it boosts the standard errors thereby reducing the outer weights; and (ii)
it causes incorrect estimation of the weights (Hair et al. 2013, p.123). The Variance Inflation
Factor (VIF) is the suggested measure of collinearity in the PLS-SEM analysis. The VIF values
of 3.3 (Diamantopoulos & Siguaw, 2006) and 5.0 (Hair et al., 2011) are recommended
thresholds. The VIF value of 5.0 is equivalent to the tolerance value of 0.2, meaning that 80%
of the variance of the indicator is explained by other indicators in the same constructs (Hair et
al., 2013, p.125). A VIF value above 5.0 indicates high level of collinearity.
Relevancy of indicators and significance: It is important to ensure that the formative
indicators capture the domain of their latent construct and support its forming. The relative
importance of formative indicators can be understood by comparing outer weights, which are
the coefficient estimates of a multiple regression between the construct and associated
indicators.

The outer loadings, which are the result of single regressions of indicators and

corresponding construct, denote absolute contribution of formative indicators. The magnitude
of the outer weight is relatively smaller than the outer loading of reflective indicators. Further,
the sizes of the outer weights are also influenced by the number of indicators involved in each
construct.
Bootstrapping is the suggested procedure to ensure that the outer weights of the formative
indicators are significantly different from zero. Bootstrapping randomly creates subsamples
from the original data set and estimates the model including outer weights and loadings. This
process is repeated in large subsamples (5000) to derive standard errors, and thereby estimates
the t-statistics and p-values. Figure 3.8 shows the bootstrapping settings used in this analysis.
In the evaluation process, if the outer loading and t value are more than 0.10 and 1.96 (p>0.05)
respectively, then the formative indicator was considered relevant and significant. Several other
indicators not having significant outer weights but considered to be important in covering the
domain of the construct were considered for further evaluation. In all cases, the absolute
loadings should be more than 0.5 with 5% significance level (t>1.96).
A summary of the evaluation of the formative measurement models, including the evaluation
criteria and reference values is presented in Table 3.24.
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Figure 3.9 : Bootstrapping settings of current data analysis
Table 3.24: Evaluation criteria for formative measurement models

1
2
3
4

Evaluation items
Multicollinearity
Relative contribution
Absolute
contribution
Significance of
indicator’s weight

Evaluation criteria (measures)
Variance inflation factor (VIF)
Outer weights
Outer loadings

Reference value
<5
>0
>0.5

Bootstrapping critical t-values
for a two-tailed test

1.65 (significance level = 10
percent), 1.96 (significance
level = 5 percent), and 2.58
(significance level = 1
percent).

(Hair et al., 2011)

Evaluation of structural model
The evaluation of the structural model takes place only after the measurement models are
evaluated and their reliability and validity are confirmed. In the second stage of evaluation,
the path model’s predictive capabilities (R2 values) and the estimated relationships (path
coefficients) between different constructs are examined. The R2 value is the total variance of
the endogenous variable explained by its predicting exogenous constructs. The path
coefficients indicate the relative contribution of each predicting variable in explaining the
variances.
As in the formative models, the structural model involves OLS regression for estimating
relationships from multiple predictors (exogenous variables) to an endogenous construct.
Therefore, to rule out any bias in estimating the path coefficients, the structural model is
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assessed for any potential collinearity issues (step 1). The other steps of the structural model
evaluation include: significant and relevance of path coefficients (step 2), including of direct
and indirect effects (step 3), R² values (step 4), predictive relevance (step 5) and effect size
(step 6). These criteria and corresponding reference values are illustrated in Table 3.25.
Table 3.25: Evaluation criteria for structural model

Assessment of
structural model for
Collinearity issues

Criteria

Step 2

Significance and
relevance of path
coefficients.

standardised values, tstatistics

t-values for a two-tailed test:
1.65 (P=0.1),
1.96 (P=0.05),
2.58 (P=0.01).

Step 3

Significance and
relevance of direct
and indirect effects.

standardised values, tstatistics

t-values for a two-tailed test:
1.65 (P=0.1),
1.96 (P=0.05),
2.58 (P=0.01).

Step 4

Explanatory power

Step 1

VIF

Reference values
>5

0.75 substantial
0.50 moderate
0.25 weak

R²

Step 5

Predictive relevance
Q2 values

Blindfolding

Step 6

Effect sizes

f2

Q ² values of larger than
zero.
<0.02 poor
0.02-0.15 moderate
>0.15 large

(Hair et al., 2011)

The second suggested evaluation criterion for the structural model is to assess the standardised
path coefficients (Step 2). The absolute value of these coefficients indicates the relative
importance of a particular exogenous variable in explaining the total variance of an associated
endogenous construct. While interpreting, these path coefficients are considered equivalent to
the beta coefficient in regression (OLS) analysis (Hair et al. 2013, p.173). Further, the
significance level (t-statistics or p-values) are used to decide whether the hypothesised
relationships are rejected or not. A t-value > 1.96 (p<0.05) supports the relationship. Low
absolute values of the path coefficients are generally not significant and Chin (1998) argued
that these value should be above 0.2.
In the path model estimation, both the direct and indirect effects were calculated. The path
coefficient evaluation does not account for the indirect effects of the exogenous variables on
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the dependent variables. Therefore, the total effect of each exogenous construct was also
included in the evaluation process (step 3, Table 3.25) to confirm the significance and relative
importance of the indirect effects in the model. Unlike the path coefficients, which indicate the
effect of exogenous constructs on the endogenous variable, the total effect provides an
understanding of the effect of each measured indicator on the endogenous construct.
In the fourth step of the structural model evaluation, the path model’s predictive capabilities
(R² values) were examined. The R² value indicates the accuracy and predictive competence of
the path model (Aboelmaged, 2018; Nitzl, 2016). The R² values of 0.75, 0.50 and 0.25 are
considered substantial, moderate and weak. However, the importance of these values are
relative, meaning that in the exploratory type of research like this, R² values like 0.4 are also
considered good (Hair et al., 2013; Hair et al., 2011).
The next evaluation criterion (step 5, Table 3.25) is the assessment of the predictive relevance

of the path-model by means of the Stone-Geisser (Q2) values. Using the blindfolding procedure,
the Q2 values are obtained in the PLS-SEM. Cross-validated redundancy is the appropriate
method for estimating the Q2 values (Hair et.al. 2013, p.183). The same authors further
suggested that this criterion is applicable only for the endogenous constructs of reflective
models and single-item models. While calculating these values, the blindfolding technique (i)
omits some data from the input table, (ii) estimates the model parameters, (iii) predicts the same
omitted information, and (iv) compares the predicted value with the original. A higher Q2
indicates that the difference between the predicted and original is lower, and thus, indicates the
higher predictive power of particular constructs.
Finally, the f2 value denotes the effect size of each construct in the model. The f2 value of one
specific construct is the difference between the original R2 value and a new calculated R2 value
after removing that particular construct from the model. The resulting f2 value indicates how
important is the exogenous construct in predicting the variance of a particular endogenous
variable. Values of f2 below 0.02, 0.15 and 0.35 are considered poor, moderate and large effects
of exogenous construct respectively (Hair et al. 2013, p.178).

3.8.7 Section summary
The PLS-SEM was chosen as the data analysis technique to evaluate various hypothesised
relationships reported in this thesis. The PLS-SEM involves the formation of several latent
constructs and links them as per the hypothesised relationships to develop a structural model.
Like in other regression models, the PLS-SEM algorithm estimates path coefficients for each
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hypothesised relationship and R2 values for each endogenous variable in the model. The goal
of the PLS-SEM is to maximise the R2 values, thereby identifying more accurate predictors.
To ensure quality and predictive capability of the PLS-SEM model, three stages of the
evaluation process and subsequent criteria were explained. At the first stage, the reflective
measurement models should be evaluated for reliability and validity. The formative
measurement models, should be evaluated in the second stage, to assess content validity,
collinearity issues and relevance of indicators and their significance in the model. The
evaluation of the structural model should be carried out only after the evaluation of
measurement models. These evaluation criteria were: (i) collinearity issues, (ii) significance
and relevance of path coefficients, (ii) significance and relevance of direct and indirect effects,
(iv) R2 values and their significance, (v) predictive relevance (Q2 values) and (vi) effect size
(f2).
A bootstrapping option was used to calculate the t-statistics and p-values, thereby to confirm
the significance of the path model estimates including path coefficients, direct and indirect
effects, loadings, weights, and R2 values. Similarly, blindfolding was another option used in
the PLS-SEM analysis to calculate the Stone-Geisser (Q2) values. The Q2 values were used to
evaluate the predictive relevance of the reflective constructs in the model.

3.9 Conclusion
This chapter explained the research methods, techniques and procedures used in the different
phases of the mixed-method research design reported in this thesis. In the first phase of
research, several qualitative methods (i.e. FGDs, interviews, site observations) were employed
to collect evidence and data from relevant stakeholders. Thematic analysis techniques were
followed in the analysis of these qualitative data to identify key project attributes.
In the process of selecting indicators for sustainability measurement of the micro-hydro
projects in the sample, again qualitative methods were employed. A large number of indicators
were collected from the existing literature and were evaluated in different stages to select the
most relevant indicators for this study. In this process, five criteria were used to ensure a
balance between the technical and normative measures in the selection process.
The final phase of the research involved quantitative data collection and econometric analysis.
A closed-ended survey questionnaire was developed to obtain the project attributes and
measurements of the sustainability performance of the sample (n=175) micro-hydro projects in
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Nepal. A personally administered survey method was chosen to collect information from each
of the sample projects. Before the actual survey, the questionnaire was pre-tested in three
projects and necessary adjustments were made. Finally, the data obtained from the quantitative
survey were analysed to evaluate several hypothesised relationships between the project
attributes and sustainability performance. PLS-SEM was found to be the most suitable tool to
examine these dependence relationships simultaneously. Various evaluation criteria were
employed to ensure the quality and predictive capacity of the path model presented in this
thesis.
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Chapter Four

4 Qualitative Analysis and Results
4.1 Introduction
This thesis aimed to to discover the critical project attributes that leads to sustainable operation
of RE-based off-grid electrification. The previous chapter described the mixed research
methods that would be applied to answer the main research question. As stated in Section 3.2.2
(Figure 3.1), the research reported in this thesis involved four steps: (i) qualitative study to
identify relevant project attributes, (ii) qualitative methods to select sustainability indicators,
(iii) quantitative survey to obtain data from sample projects and (iv) econometric analysis to
evaluate relationships between the project attributes and sustainability performance. Section
3.3, 3.4, 3.5 and 3.6 explicitly described methods, tools and techniques to perform the
aforementioned research steps.
Two phases of field studies were carried out in collecting evidences and data. The results of
qualitative data analysis were used to inform the quantitative phase (i.e. survey questionnaire).
Similarly, the analysis formed the basis for a number of hypotheses, which were later evaluated
in the econometric analysis. Indicators were employed in measuring various dimensions of
sustainability. The quantitative survey was carried out in 175 micro-hydro project locations in
Nepal. The partial least square structural equation modelling (PLS-SEM) was employed to
evaluate various relationships between the project attributes and sustainability performance of
the studied projects (i.e. n=175).
This chapter presents each phase of data analysis and results. The qualitative data analysis and
findings are presented in Section 4.2. The section summarises the key project themes
(attributes) that may influence outcome variables or scheme performance. Section 4.3
illustrates the indicator selection process and a final list of sustainability indicators used for
this research. The quantitative data analysis and results are presented in Chapter 5. Table 4.1
shows the outline of Chapter 4.
Table 4.1: Outline of Chapter 4

Section
4.1
4.2
4.3
4.4

Headings
Introduction
Qualitative Data Analysis and Results
Selection of Sustainability Indicators
Conclusion
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4.2 Qualitative Data Analysis
4.2.1 Introduction
The qualitative study, which is reported in this section, was employed in the first phase of data
collection and analysis. The main objective of this phase of study was to identify key project
attributes of micro-hydro projects27 (MHPs) constructed in Nepal. The attributes identified here
are primarily the input, operational and process variables of these off-grid energy services. In
addition to these, some outcome variables (e.g., plant factor, growth in sales revenue, etc.) were
also identified during this phase of the study.
The researcher visited various project locations and collected data from focus groups, keyinformant interviews and site observations. The information obtained from the field study was
analysed by employing thematic analysis techniques. The analysis resulted in a list of attributes
that were associated with the sustainability performance of the off-grid micro-hydro projects.
In addition, the analysis formed the basis for a number of hypotheses, which were later
evaluated in the PLS-SEM model.
The study revealed key project themes and sub-themes (input and process variables) that were
associated with sustainability performance (i.e. outcome variables) of these off-grid microhydro projects. The themes are briefly discussed in the following sections with a narrative
explaining the relevance of the attributes to the research questions. Without ranking them in a
particular order, the rest of this section summarises the set of attributes that were observed to
influence performance of the off-grid schemes and highlights some important output variables.
They are presented under nine overarching themes namely: (i) planning and development, (ii)
investment and funding, (iii) use of electricity, (iv) electricity tariff and billing practice, (v)
project management, (vi) operation and maintenance, (vii) financial management, (viii)
external contextual factors, and (ix) growth. An outline of the section is illustrated in Table 4.2.

4.2.2 Sample characteristics
The qualitative study was conducted by the researcher in 12 micro-hydro projects (Table 4.3)
from 7 December 2017 to 20 January 2018. Across the projects involved in the study, the
average capacity was 58 kW with a range from 20 kW to 116 kW. Except for one, the projects

27

Small-scale hydroelectric power plant up to 100 kW capacity. The power is generated by using the natural
flow of water and the generated power is supplied to local villages.
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were owned and managed by local communities. Among these, eight were developed under
the Nepal government’s subsidy program, three were supported by the Annapurna
Conservation Area Program (ACAP28) and one was directly funded by a child health project.
These projects had a wide range of experiences with a length of operation from 3 to 25 years.
Table 4.2: Outline of Section 4.2

Sub-section
4.2.1
4.2.2
4.2.3
4.2.4
4.2.5
4.2.6

Headings
Introduction
Sample characteristics
Administration of survey
Data analysis
Findings and results
Section summary

4.2.3 Administration of the field study
The researcher was the sole facilitator of the FGDs and interviews. As already indicated in the
methodology chapter (Section 3.5.4), the researcher used a semi-structured FGD question set
to ask participants a set of standard inquiries. The question set was composed of 11 open-ended
main questions (see Appendix 3.1).
The FGD and interview sessions lasted from 52 to 75 minutes and the average length was 65
minutes. All the FGDs were audio recorded with the consent of the participants. These
recordings, which were originally in the Nepali language, were transcribed first and then
translated into English.
In total, 73 local people participated the focus group discussions. Among the participants, 21
were females. Approximately 52% of the participants were from the management teams i.e.
project heads, managers, executive committee members and technical staff. The remaining
participants (48%) were community leaders and electricity consumers. A summary of the focus
group participants is presented in Table 4.4. Four key informant interviews were also conducted
with the chairpersons of the micro-hydro schemes who could not participate in the FDGs.

28

The Annapurna Conservation Area Project (ACAP) operates under the guidance of the National Trust for
Nature Conservation, Nepal’s leading non-profit, non-governmental environmental organisation. It covers an
area of 7,629 sq. km. and is home to over 100,000 residents of different cultural and linguistic groups. ACAP is
rich in biodiversity and is a treasure house for 1,226 species of flowering plants, 105 mammals, 518 birds, 40
reptiles and 23 amphibians (source: https://ntnc.org.np/project/annapurna-conservation-area-project-acap ).
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Table 4.3: List of micro-hydro projects for the FGD

Projects Name of project, location

P01
P02
P03
P04
P05
P06
P07
P08
P09
P10
P11
P12

Sadhkhola MHP, Lamjung.
Bhujung Khola MHP, Lamjung.
Ghatte Khola MHP, Chamche, Lamjung.
Chhotte Khola MHP, Dhodeni, Lamjung.
Malekhu Khola MHP, Dhading.
Daram Khola MHP, Kharbang, Gulmi.
Paropakar Cooperative MHP, Gulmi.
Girindi Khola MHP, Baglung.
Baddighat Khola MHP, Gulmi.
Togo Khola MHP, Lamjung.
Ghatte Khola MHP, Lamjung.
Ghandruk MHP, Kaski.

Installed
Year of
Supporting
capacity installation organisation
(kW)
20
2012
ESAP/AEPC
65
2011
ACAP/ NTNC
25
2009
ESAP/AEPC
50
2011
ESAP/AEPC
26
2009
RERL/AEPC
70
2004
ESAP/AEPC
116
2011
ESAP/AEPC
50
2009
RERL/AEPC
100
2012
ESAP/AEPC
35
2009
ESAP/AEPC
65
2012
ACAP/NTNC
50
1996
ACAP/NTNC

Table 4.4: A summary of FGD participants

FGD details

FGD#P01
FGD#P02
FGD#P03
FGD#P04
FGD#P05
FGD#P06
FGD#P07
FGD#P08
FGD#P09
FGD#P10
FGD#P11
FGD#P12

Participants

Bajhokhet, Lamjung.
Bhujung, Lamjung.
Chamche Bazar,
Lamjung.
Dhuseni, Lamjung.
Malekhu, Dhading.
Kharbang Bazar,
Baglung.
Wami Taksar, Gulmi.
Girindi, Baglung.
Khara Bazar, Baglung
Singdi, Lamjung
Passgaun, Lamjung.
Ghandruk, Kasski.
Total

Representation

Total

Female

Male

Management
teams

General
users

9
8
6

3
2
1

6
6
5

5
4
4

4
4
2

5
3
3

2
1
0

3
2
3

3
2
1

2
1
2

5
9
6
7
7
5
73

2
3
2
2
2
1
21

3
6
4
5
5
4
52

3
4
3
4
3
2
38

2
5
3
3
4
3
35

In addition, he visited all 12 project locations and interacted with technical staff, local business
owners and villagers to obtain additional information including: level of consumers’
satisfaction, quality of electricity service, responsiveness of the management team to power
supply interruptions, transparency in financial management, and physical condition of the
powerhouse and distribution network. For this purpose, a separate checklist was used. This
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additional information was also audio recorded and transcribed, and considered during the
analysis phase.
As mentioned in the previous chapter (Section 3.5), the researcher also scripted notes after
every visit. Additional observations such as performance of management teams, coordination
among the management team and staff members, and various client relationships were captured
during the field study. Similarly, the researcher also observed details of each FGD meeting
(e.g., venue, weather, people’s participation). This information formed part of the analysis.

4.2.4 Data analysis
The information obtained from the field study was analysed by open coding, primary coding,
axial coding and selective coding. The coding process was done separately for each project.
Next, thematic analysis was employed in identifying the themes. The analysis involved five
basic steps (see Figure 3.4): (i) transcribing audio recordings of all the FGD/interview sessions
and becoming familiar with the data, (ii) initial coding of interesting features across the entire
data set, (iii) collating codes into potential themes and gathering information on each relevant
theme, (iv) checking, modifying and improving the initial themes and checking whether the
themes work in the context of the entire micro-hydro data set, and (v) generating clear
definitions and names for each theme. Each of these steps are discussed below.

Familiarisation with data
The researcher was directly involved in moderating the focus groups, interviewing some
project heads and carrying out site observations. These activities helped the researcher to
become familiar with the data. Further, the researcher transcribed all the audio recordings of
the FGDs and then translated them into English, from Nepalese. The transcription and
translation process eventually helped the researcher to understand every aspect of the data. The
site observation checklists and researcher’s field memos further helped the researcher to
confirm the data. After the FGD and site observations, the researcher wrote a separate note for
each project describing how they operate the plant daily, coordination among the management
teams and staff, technical and financial performance and their performance during the FGD.

Initial coding of interesting features across the entire data set
In this phase of analysis, the important words, phrases and even sentences in relation to the
research question (project attributes and output variables) were extracted. The next step was
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coding of the data. The majority of these words and short phrases were directly taken as code,
but the long sentences were revised with shorter codes. This process was repeated for each
FGD transcript.

Collating codes into potential themes and gathering information on each relevant
theme
This phase of analysis was started with project one. All the codes extracted from the previous
exercise were sorted out into potential themes. In the first project, 37 potential themes emerged
from the 58 codes. In the subsequent projects, the extracted codes were collated within the
identified themes (Figure 4.1) or new themes were created. By the eighth project, all together
65 themes had been identified (see Appendix 4.1). The researcher did not anticipate any
additional themes to emerge from the four remaining projects, and thus decided to move to the
next level of analysis.

Figure 4.1: Thematic analysis of data

Checking, modifying and improving the initial themes and checking
In this phase of analysis, a thorough evaluation of each candidate theme was carried out. The
researcher read and reviewed all the collated extracts for each theme and checked for a coherent
pattern. During evaluation of these candidate themes, the researcher often encountered three
different situations: (i) some themes were not sufficiently supported by the data, (ii) some data
(extracted codes) were too diverse within a proposed theme, and (iii) there were similarities
between the themes. Some themes were collapsed and formed a new theme, some extracts
were moved from one theme to another (see Appendix 4.1, second column). During the
process, a few new themes were also created for those extracts which did not fit into existing
ones. There were instances, when some problematic extracts were discarded from the analysis.
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Once the themes and underlying extracts were refined, the researcher purposefully attempted
to collate the remaining extracts within the already defined themes. In the ninth and tenth
projects, there were minimal new extracts identified and all were fitted within the already
established themes. The researcher could not identify any new extracts in the last two (of 12)
transcripts. This evidence clearly demonstrates that the data had achieved its saturation, and
hence the researcher was confident that the key attributes of the studied cases (micro-hydro
projects) had been captured.
Before finalising the themes, they were carefully evaluated one more time to ensure that (i) the
themes accurately reflect the overall meaning of the data set and (ii) no additional data was
omitted at the coding stage.

Generating clear definitions and names for each theme
Most of the identified themes were input, operational and process attributes, meaning that the
emerging themes relate to various aspects of micro-hydro project development and operation.
Some output-type themes like growth in sales revenue, jobs and plant factor were also captured
during this analysis. While the goal of this phase of research was to identify the attributes that
may influence scheme performance, only the relevant themes were selected for further analysis.
The selected themes were clearly defined and the relevance of the attributes to this research
question was explained. Further to this, various relationships between the project attributes and
sustainability performance were hypothesised for further analysis. The analysis results are
presented in Sub-section 4.2.5.

4.2.5 Results
There are nine overarching themes in the 18 attributes identified: (i) planning and development,
(ii) investment and funding, (iii) use of electricity, (iv) electricity tariff and billing practice, (v)
project management, (vi) operation and maintenance, (vii) financial management, (viii) growth
and (ix) contextual factors. Further, a relationship between these performance indicators and
project attributes was also assessed. The relative importance of these attributes in achieving the
performance was not explicit at this stage of the research. Therefore, without ranking them, the
rest of this section summarises the set of attributes that were observed to influence performance
of the off-grid schemes and highlights some important output variables.
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Theme 1: Micro-hydro project planning and development
Nepal’s micro-hydro projects are generally community-based initiatives. The water power
from small rivers/streams is harnessed to generate electricity which is distributed to local
communities. The decision of the local villagers to build off-grid energy projects typically
occurs as a result of three different conditions, namely: (i) disillusionment with small energy
technologies such as solar, PV and/or peltric set; (ii) villagers witnessing successful
implementation of micro-hydro projects in other pioneer villages combined with the
availability of government subsidies; and (iii) the support of local NGOs and other donorfunded assisted programs. Further, it was revealed that each community has a unique baseline
situation in terms of knowledge, availability of initial investment funds, potential for
productive uses of electricity, local capacity, road access, etc. The impact of the baseline
situation is evident, particularly during the planning and implementing phases of the projects.
Some important attributes of the micro-hydro project planning and development phase are
discussed here.
Sub-theme 1.1: Participatory planning and design
The involvement of local communities in the planning and designing of the micro-hydro
projects varies from one to another project. Some communities actively participated in all the
planning processes from developing the concept to helping the engineers to conduct the
detailed feasibility study and fund mobilisation, while villagers in a few projects were totally
unaware about these activities. In addition to this, the level of contribution of local people in
the aforementioned planning activities was also different.
One of the FGD participants recalled his memories:
“some representatives from an agency visited our village and informed us that a micro-hydro
project could be developed that would be sufficient to electrify our village”.
Further he explained:
“they also helped us in conducting a detailed feasibility study. We, all local people from this
village helped them to identify locations for the intake, foreway tank and powerhouse. We held
several meetings before finalising the powerhouse location and canal alignment”.
Another participant added:
“the canal was built on the more stable land and the powerhouse was built in a convenient
place for most of the villagers. There hasn’t been any landslides experienced across the canal.
Our powerhouse is quite safe”.
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Each micro-hydro project has unique technical features. Some projects do have the advantage
of relatively short canal length and land stability compared to other projects with a long29 canal
and propensity for landslides and silting problems. The selection of powerhouse location is
another critical decision. When designing the project, often there is a focus on power output,
while safety aspects may be ignored. As a result, many designs result in the powerhouses being
situated on a river bank. Many powerhouses are also located in isolated places with a high risk
of landslides and flood. In many cases, due to the dangerous location and poor accommodation
facilities for the powerhouse, many operators were found to leave the running power houses at
night. In contrast, some communities found suitable and safe sites for the powerhouse. These
projects included the building of an agreeable housing facility for their technical staff.
Evidence from the projects revealed that communities actively involved in the project planning
were performing better than other projects without their participation. The powerhouse
locations that were associated with highest performance were those located in safe and
accessible places and having accommodation facilities.
Sub-theme 1.2: Beneficiary settlement types
The load centres (i.e. consumers) of these projects comprise local households, rural enterprises
and local family-owned businesses. These settlements can be broadly classified into three
types: (i) densely populated settlements; (ii) scattered settlements; and (iii) settlements with
small marketplaces. The scattered nature of the settlements obviously demand more investment
costs and these type of projects require higher operating costs compared to other densely
populated communities. Ethnic composition, economic status and road accessibility are some
other important features that distinguish one location from another. It was reported that road
accessibility and local market centres helped significantly in SME growth by expanding
markets for their services and products. One of the local entrepreneurs shared her experience:
“This is our local market, people visit our place for various purposes. On their returning home,
they often buy clothes, food and other accessories from our shops. Since the micro-hydro
project was established, my sales (tailoring) has increased significantly. I have bought two
electric sewing machines and employed one more person from the neighbouring village.”

People living in the densely populated settlements and with some market have benefitted more
from the micro-hydro projects than other families living in more scattered settlements.

29

A long canal involves higher investment cost and requires additional maintenance work.
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Theme 2: Investment cost and funding
The initial investment costs differ significantly between the micro-hydro projects. These costs
were largely influenced by many parameters including the plant capacity, technical features,
settlement type and accessibility. Due to economies of scale, the average investment cost
(NRs/kW) of larger projects is considered to be lower than compared to the average cost of
smaller projects. However, project features such as the length of a distribution network and the
type of canal significantly impact the costs. For example, the average investment cost of
Paropakar micro-hydro project (115 kW) was 1.85 times higher than compared to the average
cost of another adjoining project Daram Khola MHP (70 kW). The higher cost of Paropakar
micro-hydro project was attributed to the excessive length of the distribution network.
Similarly, the investment cost of Baddighat Khola project (100 kW) was even higher (almost
2.0 times) due to the long canal length.
Sub-theme 2.1: Project funding sources
The project owners, typically the local communities, are primarily responsible for managing
the total investment requirements. The required cost is mobilised through multiple funding
sources and can be classified into four categories: (i) government subsidies, (ii) grants, (iii)
loans, and (iv) equity contributions. The Nepalese government provides subsidy support for
such micro-hydro projects and the support amount and delivery mechanisms are determined by
the subsidy policy. It was learnt from the respondents that the subsidy covers up to 50% of the
total project costs. Besides the subsidy, local government organisations such as the District
Development Committees (DDCs) and Village Development Committees (VDCs) also provide
significant financial grant support. Experience from the visited projects suggests that the
subsidy and grants cover 70% or above of the total project costs. Local users are responsible
for contributing the remaining costs.
Local communities provide significant in-kind contributions during project construction. In
most projects, works such as canal construction, and transportation of equipment and materials
from the road head, are completed by the users. There were instances where each participating
family in the community provided up to 120 man-days of labour contribution. In a few other
projects, the project developers did not ask for any in-kind contributions from their customers.
Instead, they used paid workers and adjusted the costs in the electricity tariff.
During the course of the study it emerged that some communities took a loan to meet the
funding gap while a few others preferred to collect cash contributions from users. More than
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50% of the projects used credit and the proportion of the project cost covered ranged from 5%
to 25%. Some communities choose a long and bureaucratic bank loan approval process over
other alternatives. Many communities indicated that they also managed to obtain loans from
individuals, local organisations, installation companies and hardware suppliers.
Repayment of loans frequently involved periodic payments that incorporated both principal
and interest. Many micro-hydro projects repaid the loans from their regular sales revenue. The
preference of local communities in loan repayment was found to vary across projects.
Examples of early repaying projects were evident during the field study. For example, the
Ghatte Khola MHP (22 kW) collected an additional fee of NRs 200 per month on top of the
regular tariff and fully repaid the entire loan in four years. Another project (Paropakar MHP)
sold its land and repaid the total loan of NRs 5 million. In contrast to these examples, there are
other projects30 that neither repaid any loans nor had any plan for the repayment. A common
view among the participants is that the repayment of bank loans is challenging. The funding
arrangements that were associated with highest performance were those that avoided longterm, continuing debt servicing.

Theme 3: Use of electricity
The plant capacity and demography differ among the micro-hydro projects. The power output
of such projects is largely determined by the technical potential31 and local power requirement.
However, the plant capacity is also defined by other socio-economic parameters like the
number of households to be electrified, policy guidelines, and financial capabilities. Generally,
these projects are designed to include households within a distance of 2000 meters from the
powerhouse. However, in many instances, quite a large number of families from adjoining
villages build a single large project. In such cases, a high voltage32 transmission line is used.
Sub-theme 3.1: Flexibility in electricity use
The electricity from the micro-hydro project is primarily consumed by domestic users. Besides
lighting, which is a common use in all projects, electrical power is also used for operating other
household appliances such as TVs, mobile chargers and rice cookers. Mobile phones and WiFi devices are very popular in rural areas; however, when there is a limited supply capacity,
the use and recharging of some of these electrical devices are restricted. Surprisingly, despite
30

Names of these projects are not disclosed for privacy reasons.
The technical potential is determined by the flow of water and available height.
32
This can be done by using transformers at both ends.
31
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surplus power in other villages, many villagers use electricity only for lighting. A possible
explanation for the lower consumption may be the lack of adequate knowledge, lower ability
to pay, lack of affordability for the appliances, and some local cultural beliefs.
The number and type of electrical end-uses varies substantially across the micro-hydro
communities. These local business/enterprises can be grouped into two broad categories: (i)
common business/enterprise like agro-processing mills, sawmills, poultry farms, and bakeries;
and (ii) specialised businesses like hotels/restaurants and tea processing units. Existing diesel
and/or water mills were generally converted to electric, once electricity came to these villages.
However, some diesel-based agro-processing mills were evident in the micro-hydro
communities. The communities of Sadh Khola (22 kW) and Toggo Khola (35 KW) were still
relying on diesel mills for their daily agro-processing. The local communities believe that the
plant capacity was insufficient to run an electric mill. Surprisingly, another 22 kW Malekhu
Khola project is able to run two agro-processing mills. This suggests that the plant capacity
was not the only barrier for running electric mills.
While a large-size project has many advantages such as flexibility in terms of establishing
enterprises and using more household appliances, it also demands more investment costs and
adds complexity to daily plant operation and management. Bigger projects usually require extra
resources for regular maintenance work, meter reading and bill collection. Across the 12
projects, the average number of customers served by one kW was seven households, with a
range from 2 to 16 households per kW. In the subsidy-supported projects, this number was
found to be guided33 by the subsidy policy.
Some projects could not generate the required capacity due to the limited amount of water in
the stream or low head34. One of the respondents explained:
“the available head and dry-season water flow in the stream did not allow us to produce
more than 26 kW. But we could not say “no” to anyone in this village. Therefore, we,
365 families, made an agreement to construct the project and use it only for lighting
and charging mobile phones”.

On the other hand, other communities such as at Bhujung Khola and Ghandruk MHP preferred
a medium-size project from the beginning. Once the electricity market was developed in these
33

The subsidy is based on the number of households electrified. But there are some thresholds so that project
planners can’t increase the numbers just to obtain a higher subsidy.
34
Head is the height difference between the foreway tank (starting point of penstock pipe) and water turbine
(end point of penstock pipe). The power output is proportional to the flow of water and the head.
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villages, they have installed additional plants to meet the growing power demand. These two
projects were among the few best performing of the sites visited. The Paropakar micro-hydro
project envisioned to provide quality service comparable to the Nepal Electricity Authority
(NEA)35 to retain customers in the long term.
Significant growth in the SMEs, domestic consumption and electricity sales revenue were
evident in the projects where the project size was optimally selected prior to construction. It
was learnt from the study that villagers in the small-size projects (HH/kW) were generally
established to support lighting and charging mobile phones. However, this not only limits the
domestic power growth, it might eventually attract the users to shift to being customers of a
larger neighbouring project. During the FGDs at Sadh Khola and Togo Khola, where the
electricity was used only for lighting and charging mobile phones, participants were found to
be desperate for the national grid.
Evidence from the studied projects demonstrated that projects that supplied electricity in their
villages without any restrictions were preforming better than other projects with limited use of
electricity.

Theme four: Electricity billing service
Sub-theme 4.1: Electricity tariff and billing systems
Electricity billing system and tariff rates are fixed by local communities in the micro-hydro
projects. Three different billing systems were commonly practised: (i) flat or fixed tariff, (ii)
demand-based tariff and (iii) energy-based tariff system. In a few projects, a fixed tariff rate
was applied to all of the connected households. Principally, these fixed tariffs ensure equal
access and unlimited use of the available power. Further, this was cost effective in terms of
billing administration. However, this greatly discourages the users’ efficient use of electricity
and limits the potential growth in sales revenue.
Demand-based tariff refers to differentiated tariff rates for the various levels of power demand.
In this tariff structure, the monthly tariff rate is calculated based on the load demand of
respective households, which is monitored by a Miniature Circuit Breaker (MCB). If any
households exceed the amount of power purchased, then the device automatically cuts the

35

NEA is the national electricity utility.
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supply. This is easy to administer and the cost of the MCB is also much cheaper. But, this
system restricts families in using various electrical appliances.
The energy-based billing system, which is a common utility model, was widely used in the
micro-hydro communities. For this purpose, energy meters are installed in all households and
the tariff is calculated based on the actual consumption of electricity. In many projects, a
minimum monthly tariff rate is fixed that includes certain units (kWh) that are not charged for.
Customers are allowed to consume as much as they like, but need to pay extra for every
additional kWh above a threshold level of consumption. For instance, the management at
Daram Khola MHP introduced five different tariff rates for domestic customers, as shown in
Table 4.5. The tariff comprises three components: (i) minimum tariffs that is agreed to in
advance by the customer (15 kWh free use); (ii) demand charge; and (iii) per kWh rate (Rs 8)
for extra uses. They have also introduced a special tariff rate (NRs 75 for two bulbs) for those
who are ultra-poor in the village and who can’t afford an energy meter. The privately-owned
project introduced this tariff structure in 2009 and has been successfully operating until now.
Table 4.5: Tariff rates in Daram Khola MHP

Demand limit
Minimum rates
(NRs)
Access36

Tariff 1

Tariff 2

Tariff 3

Tariff 4

Tariff 5

None

MCB0.5A

MCB-1A

MCB-2A

MCB-5A

75/month

100/month

150/month

200/month

300/month

2 bulbs
only

15 kWh

15 kWh

15 kWh

15 kWh

The energy-based tariff is much more flexible and smarter than any other billing systems. It
automatically translates the growth in consumption into increased sales revenue. Further, the
smart tariff structure has environmental benefits of discouraging wasteful energy use.
However, it has some additional financial implications. Sometimes the associated costs (e.g.
the cost of energy meter and salary of energy meter readers) are substantial for the local
communities so that they prefer to go for a less costly option without considering its long-term
impacts on sales revenue.

36

For any additional consumption, they have to pay extra for every kWh.
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It emerged in the analysis that the technical performance of many micro-hydro projects is
related to the efficiency of the electricity tariff and billing systems. Those projects with an
energy-based tariff structure were performing better than other projects.

Theme 5: Institutional setup and management
Nepalese micro-hydro projects are owned/managed through three different institutional setups, namely: (i) registered community organisations; (ii) cooperatives and (iii) private
companies. The majority of these projects are community-based and are managed by a local
users’ committee. These locally registered not-for-profit organisations are governed by their
own constitutions/bylaws. Some micro-hydro projects have adopted a cooperative model.
There are a few instances where community-based committees transferred to the cooperative
model after a few years of operation. There are very few privately owned projects. The
government subsidy policy does not favour private developers.
Leadership selection in these institutions is largely defined by their constitution and bylaws.
However, there were many cases where the local community’s practice is different from what
is specified by constitutions and bylaws. Typically, leadership is expected to be changed every
two to three years. However, in one of the projects, the same chairperson has served for more
than 20 years. Cooperatives were found to be more disciplined in the selection of leaders.
However, one common practice reported is that the chairperson and other executive members
are selected by the users through a consensus-based decision rather than a secret ballot.
Sub-theme 5.1: Management characteristics
The executive committees of these community organisations are responsible for overall
management of the micro-hydro projects. Experience from these projects showed that these
executive committee members are diverse and each holds unique characteristics from the
following set: (i) level of technical know-how; (ii) dedication and accountability; (iii) ability
to establish clear job descriptions, team spirit and coordination; (iv) interest in client
relationships and responsiveness; (v) understanding the need for proper documentation and
infrastructure; and (vi) experience and interest in institutional development. Descriptions of
these characteristics are provided in Table 4.6. In some projects, they clearly defined the job
responsibility of each team member and technical staff and worked in a coordinated manner.
One of the plant operators during the FGD stated that:
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Table 4.6: Key characteristics of management committee in the micro-hydro projects

Key characteristics

Descriptions

Dedication/
accountability

Commitment for uninterrupted and reliable supply of electricity and
services in the village. E.g., volunteer service of chairperson, public
audits, team coordination.
Proper financial management and financial accountability of
leadership within the project’s community. E.g., monthly financial
statements, financial/public audits, deposits of savings.

Clear job
descriptions

Defined roles and responsibility of leadership and technical staff in
the organisation. E.g., all decisions by management committee, dayto-day plant operation by the operators, tariff collection by manager,
distribution lines by lineman.

Team spirit and
coordination

This is about the management team and staff working effectively.
E.g., day-to-day operation by staff, immediate support for technical
maintenance works, job allocations among the committee members.
Adequate number of meetings of the management committee in the
organisation. E.g. fixed date for regular monthly meeting, immediate
meeting for urgent matters, etc.

Client relationship

Effective systems for black-out notifications and seeking technical
assistance. E.g. first contact person, emergency numbers for technical
assistance, etc.

Responsiveness

Sensitive and quick response for restoration of power supply. E.g.
maintenance of canal at night time, stock of spare parts, immediate
contact with technicians.

Experience and
interest in
institutional
development

Experience and motivation of the management team for institutional
development of the project. E.g. proper office space, accommodation
facilities for operators, long-term plan for power supply, proper after
sales service and provision of maintenance fund.

Proper
documentation and
infrastructure
development

Proper documentation of meeting minutes and effective
dissemination of decisions. E.g., maintenance of log books, minuting
of meetings, notice of scheduled maintenance.

“Our management committee members do not interfere in the day-to-day operation of
the plant. We clearly understand our job descriptions and we always follow them. We
never cross our line and engage in management issues. This is how we work on our
project”.
Similarly, in another FGD, one of the participants, who also runs a hotel in the village, argued:
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“Our community has developed a management system for our project and we all
honestly follow it. Our staff probably don’t get a competitive salary, but they are happy
and highly motivated. We all feel that this is our project. This is why we have been
successful in running our project for more than 25 years.”
Similarly, one manager proudly shared his experience by stating:
“We never wait for the next morning, when it comes to restoring the power supply in
the village. Many times, we have had to wake-up at midnight, walk across the canal
alignment and fix the problems. An uninterrupted power supply was and will be our top
priority.”
The evidence provided suggests that the institutional performance of many micro-hydro
projects in the study is associated with these management characteristics. For example, Girandi
Khola MHP, which has most of these characteristics, performs very well. In contrast, Sadh
Khola, Togo Khola and Baddighat Khola greatly lack some of these characteristics and
performed poorly from a management perspective.
Sub-theme 5.2: Knowledge of the management team
Some management committee members were found to be very experienced and knowledgeable
in terms of daily plant operation, local power supply and demand and productive uses of
electricity.
Further, they appeared to be motivated for the institutionalisation of their daily management
practices and requirements such as building a permanent office building and billing counter,
introducing a computer billing system, establishing a system for blackout notifications and
mechanism for technical support. The Daram Khola micro-hydro project produced 10 kW extra
power by installing a higher rated generator.
The project manager proudly shared his experience:
“We knew that after a few years, the electricity demand would be increased in our
village. Therefore, we had decided to change our design capacity from 70 kW to 80 kW.
This additional 10 kW has been instrumental in meeting the growing electricity demand
of our village. We are also making good profit from this additional capacity.”

These knowledgeable managers also encourage local communities in using electricity wisely.
Some of the management teams in the study provided credit to entrepreneurs for establishing
local businesses. Most importantly, they ensure uninterrupted and flexible power supply to
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these communities so that local people can use more appliances and engage in additional
income generating activities.
In contrast, there were other management committees without a basic knowledge of electricity
and its uses. Unlike the general practice of seeking help from operators and linemen, customers
in some projects have to contact the chairperson if they need technical help or if the supply is
interrupted. Similarly, in a few projects, the management committee members were found to
be directly involved in financial management, including tariff collection. Quality of
documentation was also found to vary.
Evidence from the studied projects suggests that knowledgeable managers and performance
of micro-hydro projects are associated.
Sub-theme 5.3: Expertise of technical staff
Technical staff are fully responsible for day-to-day operation of the micro-hydro projects.
These activities include, but are not limited to, the operation of the powerhouse, maintenance
of distribution network, billing and tariff collection. The staff team works in close coordination
with the chairperson and other senior members of the management committee and perform
regular maintenance work. When it comes to carrying out more serious repairs which also
involves additional costs, the staff generally require consent from the management.
Knowledge and experience of technical staff were found to be different from one project to
another. Some of the plant operators were well-trained and had many years of working
experience from the same project. These operators acquired adequate skills and knowledge for
regular repair and maintenance work. One of the operator described:
“I can do most of the repair work of my own project. I have been working for this
project from the inception phase, therefore, I know every detail. Sometimes, I visit a
few other neighbouring micro-hydro projects and fix their problem too. For me this is
just a matter of availability of spare parts. If they are readily available in our store,
most of the issues can be fixed within a few hours”.
In contrast, there were a few other projects where the plant operators were not familiar with
basic working procedures of the power plant. They were either newly recruited or had not
attended any technical training.
The number of technical staff and the team composition differ from one project to another. The
evidence demonstrated that the recruitment of staff is primarily driven by the amount of sales
revenue rather than the number of users to be served or the plant capacity. The evidence

[134]

suggested that performance of many micro-hydro projects in the study was associated with
management practices, characteristics of the committee members, and experience and
motivation of technical staff.

Theme Six: Operation and maintenance
Sub-theme 6.1: Plant operation and spare parts
The project management committee and technical staff are responsible for daily plant
operation. In their day-to-day operations, the micro-hydro projects follow technical standards
and guidelines differently. Often the log book was found not to be properly maintained and the
safety requirements not fully met. In a few projects, unauthorised maintenance of local
distribution lines was evident. However, a few projects were found to strictly obey all operating
guidelines provided by the installation company and a few also fulfilled all of the safety
compliance requirements. It was also reported that some operators do not stay at the
powerhouse overnight. Such dangerous behaviour was seen particularly in isolated and unsafe
powerhouse locations that lack adequate accommodation facilities.
The installation companies generally provide at least a one-year warranty after the successful
testing and commissioning of a system. It was learnt that the major technical faults have
occurred during the warranty period. After the warranty period, some communities continued
after-sales service with the same installation company while others preferred to obtain the
service from other companies. The continuity of the service with the same company is subject
to the presence of a good relationship between the management committee and company. It
was observed that those communities actively involved in the company selection process had
a better relationship with them during the after-sales service.
Many technical issues in the micro-hydro projects are characteristically not serious and are
often able to be fixed by the plant operators. Some of the maintenance issues in the microhydro projects include landslides/silting, problems in the canal alignments, bearing problems
in the turbine, and minor faults and lighting problems in the distribution lines. When technical
issues are more serious and cannot be fixed by the plant operators, technicians are usually
outsourced from nearby areas. Some plant operators indicated that they sometimes went to
other micro-hydro projects and fixed their problems.
A stock of essential spare parts is helpful for ensuring a more reliable power supply in the
micro-hydro projects. However, few projects were found to have an adequate stock of spare
parts while others do not carry any spare parts. Experienced operators who have essential spare
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parts in stock can repair minor problems and restore the power supply immediately, compared
to less experienced operators who usually do not carry any spare parts and cannot repair minor
problems and quickly restore the power supply.
It was obvious that those projects, which strictly follow the operational guidelines, safety
procedures and store adequate spare parts, were found performing better than other projects.
This implies that the daily plant operation practices and stock of spare parts are associated with
the performance of these projects.
Sub-theme 6.2: Post-installation support
Post-installation support for Nepal’s micro-hydro projects appears inadequate and inconsistent.
The implementing agencies, the Alternative Energy Promotion Centre (AEPC) in particular,
focus on providing upfront financial support and technical assistance and as soon as the projects
are commissioned, they move to other new locations to focus on establishing new systems. The
post-installation support in the subsidy supported projects is limited to some capacity building
activities like the operators’ training and grant support for establishing end-uses. Local NGOs,
like the Annapurna Conservation Area Project (ACAP), continue their support even after the
project completion by integrating locally available electricity with other development
activities. However, the effectiveness of this support depends on many internal and external
factors including the demography, pro-activeness of local communities, and the role of
supporting organisations. The success of Bhujung and Ghandruk projects is attributed to
ACAP’s continuous support and the pro-activeness of local people. Similarly, the Girandi
Khola project has provided credit for local enterprises, allocated contingency funds for
maintenance work, and maintained a relationship with the supporting agency (REDP) and the
installation company (Thapa Engineering). Therefore, it has become one of the best performing
projects. The Chotte Khola project, on the other hand, could not access any grants or technical
assistance for productive routines because of the closure37of the AEPC/NRREP’s regional
office in Damauli. As a result, the 66 kW project utilises only 30 kW power and only for
domestic lighting.
Sub-theme 6:3 Plant operation hours
There were differences in daily plant operation hours of these micro-hydro projects. Of the
total 12 visited projects, 50% of the projects were running their generators 20 hours or less per
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The NRREP was phased out in 2017, therefore, they closed their regional offices.
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day. Only four projects were running 24-hours. The decision of daily plant operation hours was
guided by many factors. One of the FGD participants (manager) shared his experience:
“we used to run our project only for 8 hours assuming that the low operation would
save the machine’s life and avoid salary of an additional operator. Now our plant runs
20 hours. Initially, the community demanded electricity for just lighting purposes.
However, eventually, the local people started using televisions and radios. Some
families even started using rice cookers and heaters. Demand for electricity has
increased substantially after this change. Our plant factor and sales revenue is also
increased.”
The day-time electricity also encouraged local schools to start computer classes. Electronics
shops and mobile phone repair centres were often established in the villages. A growth in local
businesses and enterprises and improved education facilities increased the number of families
migrating to the village and use of more electrical appliances was evident in some villages.
Some of the management teams have recognised the importance of running the project with a
commercial approach. For example, one project manager shared:
“our power house is generally closed at 11 pm. However, if someone requires electricity
after that period, our staff gladly provide the service with additional cost. Part of the
additional income goes to the staff.”
Higher plant factor, more small businesses and higher sales revenue were evidenced in the
projects with higher hours of daily plant operation.

Theme Seven: Financial management
Billing and tariff collection for the micro-hydro project was found to be completed on a
monthly basis and carried out in four different ways. In the meter connected projects, the
managers visited each customer’s house, read the energy meter and issue a bill. The bill
payment methods also differ within the meter connected communities too. In some projects,
customers are able to pay the bills to the meter readers during the meter reading time while
others have to go to the office counters. The payment of monthly electricity bills is much
simpler in other projects where the tariff is flat or calculated based on the load demand. The
management committees in consultation with local people fix the dates and venues for the
payments. There were some innovative methods being practised in some communities. For
example, in the Togo Khola micro-hydro project, on the third day of every month, the payment
reminder notice is sent to all villagers through a loudspeaker. In many projects, there are
penalties for late payments.
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Sub-theme 7.1: Use of saving funds
The monthly income, expenses and savings of micro-hydro projects vary significantly and are
influenced by many factors. The plant capacity, number of domestic user and local businesses,
tariff rates and the plant factor all influence sales revenue. Among the 12 projects studied, the
monthly collection varied from NRs 12,700 in Sadh Khola (22 kW) to NRs. 290,000 in
Parppakar (100 kW). Similarly, staff salaries are a significant component of expenses, and the
proportion of revenue required to cover salaries differs from one project to another. In some
projects, the monthly revenue is just enough to cover the salaries, whereas other projects are
able to save significant parts of their income. For example, the Sadh Khola pays up to 96% of
its total income for staff while the Daram Khola spends only 23% of their total income. Those
who make surplus income, generally deposit the saving amounts to the bank every month. It
was also found that some projects used a significant part of their savings for maintenance.
However, several management committees utilise the surplus fund for other innovative works.
Girardi Khola and Paropkar micro-hydro projects have provided low-interest credit to local
entrepreneurs for establishing new businesses or upgrading an existing one. Girnadi Khola is
also planning to invest part of their savings for building a new micro-hydro project in the
village.
Sub-theme 7.2: Financial management
Various financial management practices are evident across the different micro-hydro projects.
Some projects regularly maintain financial systems and have recruited staff to carry out this
task. Similarly, the engagement of management committee members in the daily financial
operation differs widely. In many projects, the project managers are responsible for billing,
collecting revenues and preparing monthly financial statements. These financial reports are
subsequently checked and approved by the regular meetings of the management committees.
It was also revealed that, in a few projects, such financial discipline was not adequately
maintained. There were instances, where the committee members were engaged in the daily
financial matters including the tariff collection.
A regular financial audit is another important milestone for the proper and transparent financial
management of micro-hydro projects. Most of the projects conducted such financial audits on
an annual basis. Registered independent auditors generally carry out the audits and the
management committees disseminate the resultant audit reports to the local communities. In
addition to this, some communities also organise public audits in the villages. But there were
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some exceptions. Due to some coordination issues among the committee members, some
projects were not able to carry out such audits on time.
Proficient financial management, including monthly statements, deposit of saving funds and
regular audits, was evidenced in the highly performing projects.

Theme eight: Contextual factors
Sub-theme 8.1: Contextual external factors
Different external situations, environments and development activities significantly impact on
the performance of micro-hydro projects. Access to the road was one of the factors substantially
influencing business opportunities in the local areas. Better road access helps to establish more
end-uses in the micro-hydro communities. Poultry farming, furniture, tailoring and bakery were
the most common enterprises established due to the road connectivity. A few crusher factories
were also established due to the road expansion. The presence of a bank and other financial
institutions also influences performance. In the micro-hydro communities with better credit
facilities, more businesses were established. A telecommunications tower helps a micro-hydro
community in many ways. Firstly, it improves the quality of mobile and internet services, and
thus increases local electricity demand. Secondly, the receiving tower alone consumes power
from the micro-hydro and can create additional business opportunities in the village. Local
NGOs generally provide support for local capacity building which will eventually help to
establish new enterprises and income generating (IG) activities, as well as supporting the
operation of the micro-hydro system.
Micro-hydro projects with better road access, credit facilities, and presence of local NGOs were
found performing better than other projects without these facilities.

Theme 9: Growth and progress
Sub-theme 9.1: Growth in domestic power demand
The power demand of domestic customers in all the micro-hydro projects was reported to
increase slowly over time. The growth in the domestic load is evident in many projects, though
the magnitude of change was influenced by many factors. For instance, the majority of the
users in the Daram Khola MHP are currently paying a monthly bill of NRs 600 which is almost
twice what it was at the beginning of 2009 (NRs 300/month). Similarly, the proportion of
highest paying customers (NRs 300/month for lighting + appliances) in Ghatte Khola MHP
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was found to be much higher now than in 2014. Such growth in consumption is attributed to
the use of more electrical appliances including TV, rice cookers, computers and Wi-Fi devices.
The growth in domestic customers also differs from one project to another. During the study,
it was revealed that almost all projects have increased their customer numbers since the project
was commissioned. The growth in the users of micro-hydroelectricity is attributed to the
expansion of service area, participation of new families who were not interested at the
beginning, families that migrated to the villages, and separation of family members. The
significant growth is evident in more accessible and semi-urban areas. There were some
instances where the growth was negligible or even negative. In these villages, for example in
Pass Gaun (Ghatte Khola), local people migrated to Pokhara and other cities so the number of
users fell from 170 customers at commencement to 150 customers at the time the qualitative
research was conducted.
Sub-theme 9.2: Growth in local businesses and enterprises
A reliable and adequate electricity supply was a pre-condition for the development of local
businesses. However the growth of enterprises is influenced by many internal and external
factors. Agro-processing mills are more common in the villages once micro-hydro is installed.
It emerged from the interviews and focus groups that demography and pro-activeness of local
communities largely determine the development of other businesses. In addition, the
availability of credit facilities, effective post-installation support, and synergistic efforts of
local NGOs also drive such developments in rural communities. The extension of a road
network into villages also greatly influences SME growth. Road infrastructure helps to expand
local businesses by creating wider market opportunities for local products.
Micro-hydroelectricity greatly adds value in some of the project areas, particularly, where a
tourism market already exists. After electrification commences in tourist areas, hotels are able
to provide better services and attract more visitors. For example, the Ghandruk village, which
is located in the popular trekking route of the Annapurna Base Camp (ABC), installed a 50 kW
project in 1995. In the beginning, the project could hardly sell 36 kW out of the available 50
kW. With better lighting, Wi-Fi and mobile charging facilities, many trekkers preferred to stay
a night at that village. This encouraged the local villagers to open more hotels and cater for
more tourists. To become competitive, local hotels improved their services which eventually
increased the local power demand. Therefore, in 2009, they installed another 50 kW project.
The 100 kW of power is now insufficient for the villagers. Consequently, the project
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management teams are looking for other alternatives. A similar experience was seen in another
village – Bhujung, where the funding agency –Tokoshima Friendship Association, Japan – has
been continuously supporting the local community in promoting enterprises. As a result, the
rural community has a variety of local businesses, including bakery, tea factory, and rope-ways.
Another observation was that it takes a significant amount time (3 to 4 years) for the enterprises
and businesses to be established in such areas.
Sub-theme 9.3: Growth in plant factor
The plant factor38 of a majority of the visited micro-hydro projects was found to be low. The
plant factor measures the economic efficiency of the plant and is influenced by many factors,
including uses of electrical appliances at HH level, number and type of SMEs and larger
businesses, and plant operation hours. It was revealed that there were a few good performing
projects with a plant factor of up to 50%. In the cases where a high plant factor was observed,
it was attributed to a large numbers of SMEs, smart billing system, flexible use of appliances
and 24 hours of power supply. Many micro-hydro projects are found utilising less than 30% of
the available energy.
Sub-theme 9.4: Growth in sales revenue
The growth in the sales revenue is evident in many micro-hydro projects and can largely be
attributed to two causes. Firstly, some projects introduce a smart tariff structure in such a way
that the growth in the consumption of electricity is automatically realised in the sales revenue.
It was revealed that the Daram Khola was earning NRs 1.3 million (2010 value) annually,
compared to NRs 0.75 million in 2010. Without any increments in the rates, the project has
been able to almost double its sales revenue in the last eight years.
Secondly, tariff rates are revised for generating higher revenue. For instance, the Baddighat
Khola MHP introduced a minimum tariff rate of NRs 80/month for 10 kWh plus NRs 10/kWh
for any extra uses. With this tariff rate, the project was able to barely earn NRs 40,000 and this
was not sufficient to cover the staff salaries. Therefore, the project managers decided to amend
the rate to NRs. 150/month with 15 kWh free electricity. The revised tariff delivers almost
100% additional sales revenue. However, many communities found it challenging to meet the
new tariff charges and as a consequence these increments were not well accepted by the users.

38

The plant factor is a ratio of energy consumed to available energy.
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The most obvious finding to emerge from the analysis is that an energy-based tariff structure
can ensure steady growth in the sales revenue in the micro-hydro projects.
The share of domestic customers in total sales revenue is reported above 80% in the majority
of projects. It was found that the contribution of SMEs in the revenue mix varies from 0% to
40%. In only four projects of the 12 projects did SMEs contribute above 30% of total revenue.
At the other extreme, two projects fully relied on the domestic users without any SMEs in the
village.
The qualitative study revealed key themes and a list of attributes affecting performance. The
identified project attributes, associated performance aspects and key influencing variables are
summarised in Table 4.7. Similarly, various growths in the micro-hydro projects are presented
in Table 4.8

4.2.6 Theoretical framework for sustainable operation of micro-hydro
projects
The second theoretical model (Figure 4.2) developed from the literature review and the
qualitative findings, illustrates various attributes of micro-hydro projects constructed in Nepal
and their relationships with multiple sustainability dimensions. The model explains that social,
technical and institutional sustainability eventually help to improve the economic sustainability
of the off-grid energy schemes. Similarly, projects with better economic status can provide
support for improving various project attributes. They therefore demonstrate that these
variables can work in a virtual circle. The second model, however, fails to adequately explain
the relative importance of each of the project attributes. Similarly, the statistical significance
of the relationships is absent in this phase of the study. Therefore, the next step – quantitative
research – is conducted to examine these relationships.

4.2.7 Section summary
The qualitative analysis performed reveals important attributes that affect performance of
Nepal’s MHPs: (i) planning and development, (ii) funding source, (iii) flexibility in use of
electricity, (iv) tariff structure and billing system, (v) project management characteristics, (vi)
operation and maintenance practices, (vii) financial and economic considerations and (ix)
contextual factors.
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Table 4.7: Project attributes, performance aspects being influenced and the influencing factors.

Sub-themes (attributes)

Performance being
influenced

Influencing factors (variables)

1.1

Participatory
planning and
design

Technical

A number of meetings and
involvement of local people in the
project identification and design.

1.2

Beneficiary
settlement types

Social and technical

Types of settlements and market
places in the village.

2.1

Project funding
source

Institutional and
organisational

Subsidy, community contribution,
loans and grants.

3.1

Flexibility in
electricity uses

Social and productive
uses of electricity

Use of appliances and
establishment of enterprises.

4.1

Electricity tariff
and billing systems

Technical and financial

Different tariff structures (flat,
demand-based, energy-based).

5.1

Performance of
management
committee

Institutional

Continuity in power supply,
infrastructure development, job
description, team work and
coordination and proper
documentation.

5.2

Knowledge of
management team

Social and institutional

Knowledge on daily plant
operation, productive uses of
electricity and power demand and
supply.

5.3

Expertise of
technical staff

Technical

Technical knowledge, relevant
work experiences and exposure.

6.1

Daily plant
operation and spare
parts

Institutional and
technical

Operational guidelines, log-books,
compliance with safety standards
and a stock of spare parts.

6.2

Post-installation
support

Technical, productive
uses of electricity and
institutional

Support for daily operation, project
management and capacity building
activities.

6.3

Plant operation
hours

Social and technical

Plant operation hours

7.1

Use of saving funds Institutional and
technical
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Contingency maintenance fund,
credit for local entrepreneurs and
re-invest for upgrading including a
new plant.

7.2

Financial
management

Institutional

Financial statements, deposit of the
savings, financial audits.

8.1

Contextual external
factors

Social and productive
uses of electricity

Access to road, credit facilities,
relationships with supporting
agencies and local NGOs.

Table 4.8: A summary of various growths in the micro-hydro projects.

Sub-themes

Influencing factors

9.1

Growth in domestic power demand

Flexible use of electricity, hours of
operation, appropriate tariff structure, socioeconomic condition.

9.2

Growth in local businesses and
enterprises

Plant capacity, reliable and uninterrupted
power supply, post-installation support,
knowledge and performance of management
team, access to road/market, credit facilities.

9.3

Growth in plant factor

Flexible and more hours of power supply,
number of businesses, socio-economic
conditions.

9.4

Growth in sales revenue

Appropriate tariff structure, adequate supply
and numbers of businesses and enterprises.

A given set of attributes and a bundle of management practices are important to sustainable
performance of the off-grid micro-hydro schemes. The domestic load has increased slowly over
time, under the influence of many factors. Access and flexibility in using electrical appliances
at a household level was evident in those projects where the generator’s capacity was optimally
selected during the planning phase. The growth of electricity-based businesses and enterprises
in such communities is critical and driven by reliable power supply and external parameters
such as roads, post-installation support and a readily available market. A flexible and smarter
tariff structure can automatically translate the growth in local electricity consumption into
increased sales revenue, and thereby promote sustainability. Evidence suggests that a dedicated
and enthusiastic management team with coordination capacity, is critically important for
sustainable operation of a micro-hydro project. Similarly, a transparent financial system and
its effective implementation is a pre-requisite for efficient daily operation of the plants. Further,
the level of experience and motivation of technical staff, a stock of essential spare parts and
good accommodation facilities for the plant operators influence the daily operation. A
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contingency maintenance fund is required in these communities to pay for any unexpected and
expensive repair works.

Figure 4.2: Theoretical framework for sustainable operation of micro-hydro projects in Nepal.

The qualitative study revealed key themes and a list of attributes affecting performance (see
Tables 4.7 and 4.8). Further, the second theoretical model (see Figure 4.2) developed from the
literature review and the qualitative findings, illustrates various attributes of micro-hydro
projects constructed in Nepal and their relationships with multiple sustainability dimensions.
The model explains that social, technical and institutional sustainability eventually help to
improve the economic sustainability of the off-grid energy schemes.

4.3 Selection of Sustainability Indicators
4.3.1 Introduction
A pragmatic sustainability concept in the context of this research is whether or not an off-grid
energy project continues to deliver its service to the local community. As already discussed in
the methodological chapter, five sustainability dimensions, namely economic, social,
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environmental, technical and institutional are relevant for assessing off-grid energy services.
Further, researchers have employed different sets of indicators in the evaluation of these
dimensions (Ilskog, 2008a, 2008b; Maxim, 2014; Rosso, Bottero, Pomarico, La Ferlita, &
Comino, 2014). Similarly, power supply reliability, sales revenue, promotion of local
businesses, creation of local employment opportunities by these projects, growth in plant
factor, and capacity of local institutions to operate and manage such projects are some of the
key topics covered by these assessments.
Selection of indicators as a measure of the sustainability performance of off-grid energy
projects was one of the key research steps reported in this thesis. A transparent scientific
procedure in selecting those indicators was discussed in the methodology chapter (Section 3.6).
As proposed in the method section (see Figure 3.5 and corresponding narratives), the four-step
procedure was followed in the selection of these indicators. Similarly, in the evaluation of each
indicator for their relevance for this study, five pre-defined criteria were employed (again see
Table 3.3). This section illustrates all of these selection processes stated in the methodology
chapter and finally presents a list of most relevant indicators. Table 4.9 shows the outline of
Section 4.3.
Table 4.9: Outline of Section 4.3

Sub-section
4.3.1
4.3.2
4.3.3
4.3.4
2.3.5

Headings
Introduction
Collection of sustainability indicators
Indicators selection process
Final list of sustainability indicators
Section summary

4.3.2 Collection of sustainability indicators
The literature collectively suggests a large variety of indicators for each sustainability
dimension and sub-dimension. In total, 94 indicators that have been frequently recorded in the
sustainability assessments of various off-grid RE services were collected for further assessment
(Bhattacharyya, 2012; Brent & Rogers, 2010; Cavallaro & Ciraolo, 2005; Evans, Strezov, &
Evans, 2009; Feron, 2016; Carrera & Mack, 2010; Ilskog, 2008c; Liu, 2014; Liu, Baniyounes,
Rasul, Amanullah, & Khan, 2013; Mainali et al., 2014; Mainali & Silveira, 2015; Maxim, 2014;
Rosso et al., 2014; Wang et al., 2009; Yadoo & Cruickshank, 2012). Of the total 94 indicators
collected, 23 were for institutional dimension followed by 21 for social, 19 for economic, and
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16 each for technical and environmental. They are further dispersed into various subdimensions. A summary of the distribution of indicators is presented in Table 4.10.

4.3.3 Indicator selection process
Elimination of irrelevant indicators
The indicators selected in Table 4.10 were further tested on their relevance and suitability in
this research context. Some of the indicators were found to be irrelevant and unrealistic for this
research. For example, one of the indicators identified was “maximisation of profit”, which
was defined as “share of profit set aside for reinvestment in electricity service business”. In
this research context, the indicator was not relevant because it was most often used as an
economic indicator of commercial for-profit projects. However, off-grid RE services,
particularly Nepal’s micro-hydro projects, are owned by non-profit community organisations.
Therefore, this was not relevant in this research, and thus eliminated. Out of the total of 94
indicators, 33 indicators were eliminated in this phase of assessment (see Appendix 4.2).
Table 4.10: Frequently used indicators for sustainability assessment of off-grid RE services.

Sustainability
dimension
Economic

Sub-dimensions

Social

Improved availability of electricity services
Credit facilities
Equal distribution
Acceptance and willingness to pay

6
1
5
8

Environmental

Global impact
Local impact

3
13

Technical

Operation and maintenance
Technical client-related issues

8
9

Institutional

Operation and management capacity
Capacity strengthening
Client-relationship
Stakeholder participation
Documentation
Client protection

9
6
2
1
1
4

Financial prospective
Cost burden on the users
Development of productive uses
Employment generation
Competition
Wellbeing

Source: literature reviewed and discussed in the text (see Section 4.3.2)
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Number of
indicators
8
2
2
3
1
2

Evaluation of indicators
The elimination process shortlisted 61 indicators for further evaluation (see Table 4.11). The
five indicator selection criteria defined in the methodological chapter (Section 3.6, Table 3.8)
were employed at this stage to further assess the relevance of the short-listed indicators. Those
indicators not meeting all the five criteria were eliminated in this round of selection. Some
justifications for the elimination of each indicator are also provided in Table 4.11.
In the evaluation process, 41 indicators were not successful in meeting all the five selection
criteria. Therefore only the 20 successful indicators were considered for further evaluation.

Prioritisation of indicators
As already discussed in the method section, the target of this selection process was to identify
about 10 to 15 most relevant and realistic indicators. The previous evaluation provided 20
indicators (Table 12) meeting the all selection criteria. Therefore, they were further prioritised
for selecting the required number. In this phase of selection, at least one indicator from each
sub-dimension was picked to ensure inclusiveness. In the case of multiple indicators under the
same sub-dimension, the most comprehensive indicator was selected. Some justifications for
the selection of each indicator are provided in the last column of Table 4.12.

4.3.4 Final list of sustainability indicators
This process identified 13 sustainability indicators. The final list of indicators, their scales and
measurement strategies are presented in Table 4.13. The sustainability indicator selection
process has employed five principles and criteria (Table 3.9). Further, the indicators were
evaluated in four steps (Figure 3.5). The analysis that follows in the following chapters
provides a structuring of these indicators that reveals their individual level of importance and
their relationship with each other.

4.3.5 Section summary
The current literature collectively suggested a large number of indicators for sustainability
assessment of off-grid renewable energy projects.

This research adopted a balance of

normative and technical approaches in selecting the indicators for measuring the sustainability
performance of the sample micro-hydro projects. The gathered indicators were evaluated in
various stages by employing the five pre-defined criteria. Out of a total of 94 indicators
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collected from the literature, the 13 most relevant indicators were selected for this research.
They were distributed across the five sustainability dimensions as illustrated in Table 4.14.

Table 4.11: Evaluation of shortlisted indicators

C1
Yes

Evaluation
C2
C3
C4
Yes
Yes
No

C5
Yes

X

Cost
effectiveness
System break
even

Yes

Yes

Yes

Yes

Yes



Yes

Yes

Yes

No

Yes

X

Profitability
Financial
support needs

Yes
Yes

Yes
Yes

Yes
Yes

Yes
No

Yes
No


X

Share of
electricity
consumed by
business
Share of
electrified
households with
income
generating
activities.

Yes

Yes

Yes

Yes

Yes



Yes

Yes

Yes

Yes

Yes



Business
development

Yes

Yes

Yes

Yes

Yes



Local
employment
opportunities
increased due to
electricity

Yes

No

Yes

Yes

Yes



Job is used both in
economic and social
dimensions. In this research,
it is considered under the
social dimension.

Per capita
electricity uses

Yes

Yes

Yes

No

Yes

X

Affordability

Yes

Yes

Yes

No

Yes

X

Per capita electricity use of
each electrified community
can’t be measured.
% of household income
spent on fuel and electricity
can’t be measured under this
research scope.

Plant factor

Yes

Yes

Yes

Yes

Yes



Indicators
Cost recovery
potential

Result
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Rationale/justifications for
elimination
It is hard to measure the cost
recovery potential of full
investment costs for each
project.

This is hard to estimate the
system breakeven point for
each sample project.
This is more subjective,
therefore, hard to measure
and compare.

Electricity is
used in local
social services

Yes

Yes

Yes

Yes

Yes



Improved
education
facility due to
electricity

Yes

Yes

Yes

Yes

Yes



Telecommunicat
ions are
improved due to
electricity

Yes

No

Yes

No

Yes

X

Agriculture
activities are
improved due to
electricity

Yes

Yes

Yes

Yes

Yes



Share of
population with
access to
electricity

Yes

No

Yes

Yes

No

X

Generally all HHs in the
micro-hydro electrified
village are connected. And
both female and male are
equally benefitted.

Compatibility of
the technology
with different
end uses

Yes

No

Yes

No

No

X

It is hard to
estimate/compare the
compatibility as all
communities use the same
technology - micro hydro.
This is also largely
influenced by other factors
like size, economic status,
etc.

New job
opportunities
created
Willingness to
pay

Yes

Yes

Yes

Yes

Yes



Yes

No

Yes

No

No

X

Drudgery
reduction
Women’s
burden has been
reduced

Yes

Yes

Yes

Yes

Yes



Yes

No

Yes

No

No

X
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It is hard to estimate the
improvement in
telecommunications. It is
much harder to estimate the
contribution of electricity.

The WTP of local people
can’t be estimated under this
research scope. Further, this
is influenced by many other
parameters.

This is again hard to
measure. Further, this is
captured broadly in
drudgery reduction.

Accessibility

Yes

Yes

Yes

Yes

No

X

Reduction in
emission of
carbon dioxide

Yes

No

Yes

Yes

Yes

X

Share of
electrified
households that
replaced other
energy sources
for lighting.
Share of
electrified
households
using agroprocessing
activities
Contribution in
reduction in indoor pollution

Yes

Yes

Yes

Yes

No

X

Yes

Yes

Yes

Yes

Yes



Yes

No

Yes

No

Yes

X

X

Environmental
Awareness
land use

Functional
impact on
landscape
Aesthetic impact

X

Yes

No

No

Yes

Yes

X

Yes

No

Yes

Yes

No

X
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This is not comparable as all
HHs in the village have
equal access. The subsidy
policy also ensures equal
right among the community
people.
All micro-hydro projects
contribute in reduction of
CO2 emission by replacing
fossil fuels. But the amount
of replacement is largely
influenced by many other
factors like size, kWh
consumed, etc.
Not comparable as all
micro-hydro project replace
dirty energy sources like
kerosene, diesel, etc.

The amount of in-door air
pollution reduced by microhydro project is largely
influenced by other factors
like availability of sufficient
power, economic status of
local people, local culture,
etc.
This is general and interlinked. It is hard to measure.
All size micro-hydro
projects require almost the
same area for building
power house and other
infrastructures, therefore,
not comparable.
This is an input (attribute).

These impacts are largely
influenced by other factors
like project location and
size, therefore, hard to
compare.

Efficiency

Yes

No

Yes

No

Yes

X

Conformance
with national
standards

Yes

No

Yes

No

No

X

Provision of
after sales
service

Yes

No

Yes

Yes

Yes

X

System is well
maintained
Technical losses

Yes

Yes

Yes

Yes

Yes



Yes

Yes

Yes

No

Yes

X

Compatibility
with future grid
service

Yes

No

Yes

Yes

No

X

Availability of
support
infrastructure
Reliability of
services
Load
compatibility
Advanced notice
about planned
service
disruptions

Yes

No

No

Yes

Yes

X

Yes

Yes

Yes

Yes

Yes



Yes

Yes

Yes

Yes

Yes



Yes

Yes

No

Yes

No

X

System is safe to
use and operate

Yes

Yes

Yes

No

Yes

X
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This is an attribute and
influenced by many other
factors like the performance
of equipment, proper sizing
and quality of installation
works. Further, it’s hard to
measure efficiency of each
sample project. Also plant
factor which is included is a
good approximation for
efficiency.
This is too technical and
can’t be assessed/
compared. Further, this is
also subject to
implementation modality of
the sample projects.
This is inter-liked with other
parameters like provision of
O&M fund, availability of
service providers.

Technical losses of all
projects can’t be measured
under this research scope.
Most micro-hydro projects
in Nepal are
designed/developed to be
operated in isolated mode.
Therefore, this indicator is
not comparable.
This is an input (attribute)
and influenced by many
other factors.

This is about scheduled
maintenance works which is
unlikely in micro-hydro
projects. These small-scale
technologies can be
maintained in a few hours
(day time).
This is too technical an
issue and can’t be measured
under this research scope.

Increased
productivity

Yes

No

Yes

No

Yes

X

Ability to meet
present and
future domestic
needs

Yes

Yes

Yes

No

No

X

Ability to meet
present and
future
productive
needs

Yes

Yes

Yes

No

No

X

Efficient and
effective

Yes

No

Yes

No

Yes

X

High sense of
responsibility
for system by
managers

Yes

Yes

Yes

Yes

Yes



Degree of
stakeholder
participation
Transparent
financial system
Stability and
long term vision

Yes

Yes

Yes

Yes

Yes



Yes

Yes

Yes

Yes

Yes



Yes

No

Yes

No

Yes

X

Regulation and
standards
Adoptability

Yes

Yes

No

Yes

Yes

X

Yes

No

Yes

No

Yes

X

Share of women
in staff and
management

Yes

Yes

No

Yes

Yes

X
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The ability of electricity
system in assisting
production is affected by
many other factors like the
power capacity,
entrepreneurships, market,
etc.
Ability of off-grid energy
project in meeting the future
domestic needs is hard to
measure and compare.
Present ability is already
covered in ‘load
compatibility’.
Ability of off-grid energy
project in meeting the future
productive needs is hard to
measure and compare.
Present ability is already
covered in ‘load
compatibility’.
This is subjective and hard
to predict. This is not
independent too.

This is a subjective
judgement and influenced
by many other
external/internal parameters
like extension of central
grid, availability of
resources for upgrading, etc.
This is more about project
input (attribute)
This is a subjective
judgement and it is hard to
get evidence to support for
any claims.
This is project input
(attribute)

Staff turnover in
organisation
Share of nontechnical
losses/default
rate
Level of
satisfaction with
energy services
Auditing of
financial reports
on yearly basis.
Ability to
protect
customers.
Ability to
protect
investors.
Ability to
monitor
systems.
Access to basic
resources

Yes

Yes

Yes

Yes

Yes



Yes

Yes

Yes

Yes

Yes



Yes

Yes

Yes

No

Yes

X

Yes

Yes

No

Yes

Yes

X

Yes

No

Yes

No

Yes

X

Yes

No

Yes

No

Yes

X

Yes

No

Yes

No

Yes

X

Yes

No

Yes

No

Yes

X

It is hard to capture the
users’ satisfaction in each
project location.
This is input for proper
financial management.
They are not very clear and
can’t be measured and
compared. Most of these
indicators are inter-linked
and are captured in many
other indicators above.

Notes:
C1 – Comprehensive, C2 – Independent, C3 – Robust, C4 – Measurable, C5 – Analytically sound
X – Not selected,  – selected.

Table 4.12: Prioritisation of selected indicators

Indicators
Economic dimension
Financial
Cost effectiveness
perspective
Profitability

Productive
uses of
electricity

Share of electricity
consumed by
business.

Prioritisation
of indicators

Justification/ rationale

Selected

This is more comprehensive and
can also represent the main
essence of cost effectiveness.

Selected

This can cover both SMEs and
other IG activities in the village.

Share of electrified
households with
income generating
(IG) activities.
Business
development
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Efficiency of
project

Plant Factor

Social dimension
Improved
Electricity is used
availability of
in local social
electricity
services.
services
Improved
education facility
due to electricity

Selected

This is straight forward and can
measure and compare the
efficiency and effectiveness of
micro-hydro projects.

Selected

This is most important social
indicator and more visible impact.
This is more comprehensive and
comparable.

Number of jobs really ensure
operational status of SMEs. It also
indicates wellbeing of local
people.
This is more comprehensive as it
covers agro-processing facilities,
use of HH alliances, drinking
water facilities etc.

Agriculture
activities are
improved due to
electricity.
Employment
generation

New job
opportunities
created

Selected

Improved
livelihoods

Reduction in
workload

Selected

Environmental
Local impact
Share of electrified
households where
electricity has
replaced other
energy sources
Technical
Operation and System is well
maintenance
maintained

Quality of
electricity
service
Institutional
Operation and
management
capacity

Selected

This is a measure of contribution
of local energy project in
replacing the dirty energy sources
in the community.

Selected

This tells about a day-to-day
operation of energy plant
including using standard
operational guidelines,
maintaining log books and safety
compliances.
This tells about the continuity of
quality electricity service.

Reliability of
services
Load compatibility

Selected

High sense of
responsibility for
system by
managers

Selected

[155]

This is a measure of dedication
and accountability of project
management team.

Capacity
strengthening
Client relation

Degree of
stakeholder
participation
Transparent
financial system
Staff turnover in
organisation
Share of nontechnical losses

Selected
Selected

Selected

This is about the proper and
transparent financial management.
This measures the motivation of
staff and facilities/benefits the
project provides to their staff.
This is about effective tariff
collection practices in the
community. This also indicate the
level of willingness of local
people for local energy service.

Table 4.13: Final list of indicators

Final list of indicators

Measurement scales

Profitability
Share of electricity consumed by business
Plant Factor
Improved education facilities
Local employment opportunities increased
Reduced work load
Share of electrified households where electricity has
replaced other energy sources

Numeric
Numeric [%]
Numeric [%]
Ordinal
Numeric
Ordinal
Numeric [%]

Reliability of services
System is well maintained
High sense of responsibility for system by managers
Transparent financial system
Staff turnover in organisation
Share of non-technical losses/default rate

Ordinal
Ordinal
Ordinal
Ordinal
Numeric
Numeric

Table 4.14: Selected indicators for sustainability measurement of off-grid micro-hydro projects.

Sustainability dimensions
Economic

Selected indicators
Profitability
Share of electricity consumed by business
Plant factor

Social

Improved education facilities
Local employment opportunities
Reduced work load

Environmental

Electricity has replaced other energy sources

Technical

Reliability of services
System is well maintained

Institutional

High sense of responsibility
Transparent financial system
Staff turnover in organisation
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Share of non-technical losses

4.4 Conclusion
This chapter analysed the qualitative data obtained through FGDs, interviews and site
observation in 12 micro-hydro communities. The qualitative analysis identified the key project
attributes that may influence performance. The analysis results were used to upgrade the
previous conceptual framework (Figure 2.6) for sustainable operation of off-grid energy
services. Based on the theoretical model, various hypothesised relationships between the
project attributes and sustainability dimensions were derived for further examination.
Similarly, by employing qualitative methods, 13 most relevant sustainability indicators were
selected from the existing literature. The project attributes and sustainability indicators are used
to develop quantitative survey questionnaire in the second phase of this research.
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Chapter Five

5 Quantitative Data Analysis and Results
5.1 Introduction
This quantitative research was designed to establish empirical evidence of the relationships
between the projects’ attributes and sustainability performance. The data used for the
quantitative study was obtained from face-to-face interviews with 175 project managers of offgrid micro-hydro projects constructed in Nepal.
PLS-SEM was employed to analyse the data and determine the nature of the relationships
between the constructs in the proposed conceptual model. The SEM path model comprised
reflective and formative measurement models. In the measurement models, different sets of
observed variables (indicators) were combined to form various unobserved latent constructs.
A total of 18 latent constructs (measurement models) were formed in the first path model, 13
of which were formative measurement models. The remaining five were reflective
measurement models. In the structural model, a different set of exogenous latent constructs
were linked to five endogenous constructs. The inclusion of the constructs and relationships
between them were hypothesised based on the qualitative study findings, the results of the
sustainability indicator selection process, prior theoretical knowledge, and logic. The
SmartPLS (v.3.2.8) software was used to run the PLS-SEM path model.
The path model was systematically assessed in three steps by employing three sets of predefined evaluation criteria and processes. The first step in building and evaluating the path
model is the evaluation of the measurement models. In the evaluation process for the
measurement models, separate criteria were used to assess the reflective and formative
measurement constructs. Some indicators that did not meet the criteria were further reviewed
and unrealistic indicators/constructs were eliminated. In the evaluation of structural model, the
path coefficients and their significance level were assessed to test the hypothesised
relationships. Further, the R2 values and their significance were evaluated to understand the
predictive capabilities of the model. The total effects were used as the measures for clarifying
the relative importance of each driving variable in explaining the total variance of each of the
endogenous variables. Table 5.1 shows the outline of Chapter 5.
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Table 5.1: Outline of Chapter 5

Section
5.1
5.2
5.3
5.4
5.5
5.6
5.7

Headings
Introduction
Administration of survey
Sample characteristics
Development of PLS-SEM model
Evaluation of path model
Path model results and interpretation
Section summary

5.2 Administration of Survey
The survey was conducted in 175 off-grid micro-hydro project locations. As proposed in the
methodology section, a stratified sampling approach was adopted for selecting the studied
projects. Before the commencement of the survey, the researcher and the field enumerators
approached the project heads and finalised the list of potential sample projects. As proposed in
the methodology section, these projects were distributed in four different strata. However, some
of these projects were not functional and/or senior managers were not available during the
survey. As a result, in some strata, the survey team could not find a sufficient number of
projects as anticipated, and thus increased the numbers in other strata. While considering the
new projects into the sample list, the same selection criteria (as described in Section 3.6.3)
were applied. The actual number of projects surveyed from each stratum is presented in Table
5.2 and the geographical locations of those sample projects are illustrated in Figure 5.1.
Table 5.2: Distribution of sample projects

Stratum 1 Stratum 2 Stratum 3 Stratum 4
Number of projects surveyed

25

32

92

26

The project heads, who have expertise and knowledge about the project in question, were
requested as participants for this survey. Where the head was not available, a deputy head or a
senior executive member were approached. The researcher encouraged other staff members
and executive members to accompany the main participant. The face-to-face interview method
was used in collecting the data from the respondents. During this survey, the participant(s)
were asked to talk about various aspects of the micro-hydro project including planning/design,
capital investment, power supply and load demand management, growth, revenue collection
and financial governance, institutional setup and daily management, plant operation and after
sales service. One interview was conducted in each sample project.
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Figure 5.1 : Geographical locations of the sampled projects.
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The researcher recruited six local enumerators and mobilised them into four different stratums
in conducting the survey. Before starting the survey, the researcher organised a training session
in Kathmandu and conducted three-days of joint pre-testing with the enumerators. On behalf
of the researcher, the field enumerators contacted the project managers and arranged the
meetings at the latter’s premises. The survey questionnaire, which was translated into Nepali
(local) language, was provided to each participant at least one day before the meeting. During
the meeting, the enumerators helped the participants in completing the questionnaire. They also
consulted with other staff and executive members in obtaining accurate information. The time
taken for the interview varied from 45 to 91 minutes, with an average of 58 minutes. The
enumerators collected the fully completed questionnaires after the meetings.
The researcher constantly supervised the interviews and the data quality throughout the field
survey. The enumerators were instructed to transfer the observed data into the specially
designed answer sheets and send them back to the researcher before they moved to the next
location. The researcher immediately checked the answer sheets and sought clarifications if
any inconsistencies were identified. The researcher also encouraged enumerators to consult
immediately if they encountered any difficulties in completing the survey. Only fully
completed questionnaires were considered for the research. Therefore, the field survey was
conducted until 175 completed answer sheets were received and accepted. It took a total of 385
person-days to complete the survey.

5.3 Sample Characteristics
In term of the plant capacity, beneficiary households and experiences, the sample data were
diverse. The sample projects included in the study had capacity ranging from 8 kW to 200
kW39, with an average value of 38 kW. The beneficiaries of these projects varied from 2
families per kW to 32 families per kW. However, the average households served by each kW
was about 10. In terms of operational experience, the sample projects have served a minimum
three years to 22 years with a mean value of close to 9 years. These details are summarised in
Table 5.3. In terms of ownership, implementation modality and funding sources, the sample
projects were quite homogeneous (Figure 5.2). More than 91% of the sampled projects were
owned by either local users’ committees or cooperatives.

39

Micro-hydro projects are generally up to 100 kW capacity. One of the sample projects had two 100 kW
plants, totalling 200 kW.
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Table 5.3: Key features of the sample projects

Plant capacity (kW)
Total beneficiary households
Beneficiary per kW
Years of plant operation

N
175
175
175
175

Minimum
8.00
60.00
2.00
3.00

Maximum
200.00
3200.00
32.00
22.00

Mean
37.80
383.76
10.00
8.80

Further, a majority of the projects (94%) were implemented through the Nepal government’s
subsidy program. The subsidy covered 69% of the total upfront investment costs. The
investment costs40 of these projects varied from USD 1145 per kW to 1575041 per kW with an
average cost of USD 5074 per kW. The remaining costs were funded by other sources including
local communities, credit financing and grants. The source of funding details are presented
Table 5.4.
Ownership Type

Implementation modality

Funding sources

Users committee (84%)
Subsidy (69%)
Community cash contribution (19%)
Loans (8%)
Other grants(4%)

Cooperative (7%)
Company (7%)
Others (2%)

AEPC (94%)
ACAP(4%)
Private (2%)

Figure 5.2: Ownership, implementation modality and funding sources of micro-hydro projects

Apart from electrifying local households, these power houses supply power to run local
businesses and enterprises. In the studied projects, there were many different productive uses
of electricity.

40

These costs are real values, equivalent to USD, 2010.
The extremely high cost, which was found only in two projects, was associated with low power output,
remoteness and a long canal.
41
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Table 5.4: Initial investment and funding sources

Initial investment (USD per kW, 2010)
Subsidy support (%)
Community contribution (%)
Loans (%)
Other grants (%)

N
175
175
175
175
175

Minimum Maximum Mean
1445.00
15710.00 5074.44
0.00
100.00
69.44
0.00
75.00
19.22
0.00
70.00
7.49
0.00
61.00
3.86

On average, each micro-hydro project supplies electricity to 13 local businesses including agroprocessing mills, poultry farming, furniture shops, and bakeries (the minimum number of
businesses was 0 and the maximum 74). The distribution across these business types is
illustrated in Figure 5.3.

Poultry industries
Agro-processing mills
Hotels/resturants
Fresh house (meat shops)
Furniture
Telecom towers
Metal fabrics
Bakeries
Others (Tea & cardemon dryers,crusher)
0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00

Number

Figure 5.3: Average number of enterprises and businesses in each micro-hydro project.

5.4 Development of Path Model
The SmartPLS (v.3.2.8) software was used to analyse the data set obtained from the survey.
With the help of the built-in tools, the path model, which was described in the methodology
chapter (Section 3.8), was created. All 17 latent constructs were formed with the formatively
measured variables. Among them, 12 constructs were exogenous (independent), two served as
endogenous and the remaining three served as exogenous and endogenous (dependence
relationships) variables. The inclusion of the constructs and relationship between them were
hypothesised in the previous chapter. The first path model is illustrated in Figure 5.4.
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Figure 5.4 First PLS-SEM path mode
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In this model, the productive use of electricity (PEU), social sustainability (SOC-SUS),
technical sustainability (TEC-SUS) and institutional sustainability (INS-SUS) were
hypothesised as the predictors of economic sustainability (ECO-SUS) of micro-hydro projects.
Similarly, social sustainability was assumed to be the driver of environmental sustainability
(ENV-SUS). The three variables (social sustainability, technical sustainability and institutional
sustainability) were in a dependence relationships meaning that they served as both endogenous
and exogenous variables. Social sustainability was assumed to be predicted by five other
exogenous constructs: tariff and billing system (TBS), flexibility in electricity use (FEU), plant
operation hours (POH), knowledge of the management team (KMT) and contextual external
factors (CEF). In the same manner, four exogenous variables namely, participatory planning
and design (PPD), expertise of technical staff (ETS), post-installation support (PIS), and
operation practice (OPS) were hypothesised to predict technical sustainability. Lastly, the
institutional sustainability of the projects was linked with two exogenous constructs: preference
of management team (PMT) and financial management practice (FMP).
To estimate the causal model, there are several options for calculation in SmartPLS (Figure
5.5). In this research, since the model comprises formative measurement constructs, the PLS
algorithm was the recommended calculation option (Hair et al., 2013).

Figure 5.5 : Options for PLS calculation in SmartPLS
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5.5 Evaluation of PLS-SEM Model
As illustrated in Figure 5.6, PLS-SEM models are generally evaluated in three stages: (i)
reflective measurement models, (ii) formative measurement models and (ii) structural
measurement model. For each stage of the evaluation process, different sets of pre-defined
criteria were employed. The process was designed to remove unimportant indicators. As it
turned out, our model included no reflective component, and so the first stage was not needed.

Figure 5.6: First model evaluation process

In the evaluation of the measurement models, 10 indicators were deleted from the model. After
removing all the weak and non-significant indicators, the path model was finalised. A detail
log book of the process involved in moving from the first PLS-SEM path model (Figure 5.4)
to the final model (Figure 5.7) is presented in Appendix 5.1. The evaluation of the final path
model is presented in the next section.
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5.5.1 Evaluation of reflective measurement models
As the PLS-SEM path model does not include any reflective measurement constructs, the
evaluation criteria for such models were not applicable. However, as already explained, the
researcher created an additional scenario considering the five endogenous constructs (i.e.
sustainability dimensions) as reflective models and performed another separate PLS-SEM
analysis. This analysis and results with the evaluation of reflective measurement models are
presented in Appendix 5.2.

5.5.2 Formative measurement models
As explained earlier, different sets of criteria are used to assess the quality of the formative
measurement models. The variance inflation factor (VIF) is the suggested criterion to deal with
such multicollinearity issues in the PLS-SEM. Table 5.5 illustrates the VIF values of all the
indicators of formative measurement models in the model. All the values are far below the
threshold (i.e. 3.3 or 5.0, see Table 3.24, Section 3.8).
Once the presence of collinearity is assessed, the next criterion to be evaluated is to examine
the relative and absolute contribution of indicators and their significance. Firstly, the outer
weights of all the formative indicators and their significance are evaluated. Table 5.6
summarises the outer weights, outer loadings and level of significance (t statistics and P values)
for each indicator.
The relative importance (outer weights) and significance level of the formative indicators were
found to be above the thresholds of 0.10 and 1.96 (p< 0.05)) respectively. Similarly, the outer
loadings (absolute importance) of all the indicators are above the recommended value of 0.5
with a significant level of 1.96 or above (p value less than 0.05) (see Table 5.6).

5.5.3 Evaluation of structural model
As with the formative measurement models, the structural model involves OLS regression in
estimating relationships from multiple predictors to an endogenous construct. Therefore, it also
required assessment for potential collinearity issues. The inner VIF values of the path model
(PLS-SEM result) are presented in Table 5.7 as the reference values to evaluate where there is
multicollinearity. Since all of the values were far below the suggested threshold (3.3 or 5.0),
no evidence of collinearity was found in the inner structural model.
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Figure 5.7: Final PLS-SEM path model
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Table 5.5: Indicators’ collinearity statistics for the formative measurement models (outer VIF)
Measurement constructs

Indicators

CEF (contextual external factor)
ECO-SUS (Economic sustainability)

ENV-SUS (Environmental
sustainability)

CEF_2

Variance
Inflation
Factor(VIF)
1.095

CEF_3

1.095

ECO-SUS_2

1.244

ECO-SUS_3

1.187

ECO-SUS_4

1.286

ENV-SUS_1

1.776

ENV-SUS_2

1.776

ETS (expertise of technical Staff)

ETS_1

1

FEU (flexibility in electricity Use)

FEU_1

1

FMP (financial management practices)

FMP_1

1.391

FMP_4

1.224

FMP_6

1.56

INS-SUS_1

1.244

INS-SUS_2

1.317

INS-SUS_3

1.196

INS-SUS_4

1.181

KMT_2

1

OSP_1

1.343

OSP_2

1.282

OSP_4

1.14

PIS_1

1.357

PIS_4

1.357

PMT_1

1.309

PMT_5

1.544

PMT_6

1.257

INS-SUS (institutional
sustainability)

KMT (knowledge level of management
team)
OSP (operation and spare parts)

PIS (post-installation support)
PMT (preference of management team)

POH (plant operation hours)

POH_1

1

PPD (participatory planning and
design)

PPD_1

1.067

PPD_4

1.067

PUE_1

1.041

PUE_2

1.197

PUE_3

1.17

SOC-SUS_1

1.159

SOC-SUS_2

1.23

SOC-SUS_3

1.247

TBS_1

1

TEC-SUS_3

1.486

TEC-SUS_5

1.486

PUE (productive use of electricity)

SOC-SUS (social sustainability)

TBS (tariff and billing system)
TEC-SUS (technical sustainability)
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Table 5.6: Outer weights, loadings and significance of formative indicators
Outer weights
T
P
Statistics
Values
(|O/STDEV|)

Outer loadings
T
P
Statistics
Values
(|O/STDEV|)

CEF_2->CEF

0.524

3.571

0

0.734

5.955

0

CEF_3->CEF

0.711

4.029

0

0.866

9.555

0

ECO-SUS_2-> ECO-SUS

0.244

2.617

0.009

0.599

6.508

0

ECO-SUS_3-> ECO-SUS

0.689

9.022

0

0.888

20.155

0

ECO-SUS_4-> ECO-SUS

0.350

3.440

0.001

0.692

8.699

0

ENV-SUS_1-> ENV-SUS

0.768

5.902

0

0.973

32.544

0

ENV-SUS_2-> ENV-SUS

0.309

2.045

0.041

0.817

10.564

0

ETS_1-> ETS

1.000

FEU_1-> FEU

1.000

FMP_1-> FMP

0.462

3.616

0

0.793

10.098

0

FMP_4-> FMP

0.416

4.214

0

0.717

9.437

0

FMP_6-> FMP

0.406

3.567

0

0.825

12.802

0

INS-SUS_1-> INS-SUS

0.199

2.359

0.018

0.577

7.9

0

INS-SUS_2-> INS-SUS

0.608

6.638

0

0.866

16.635

0

INS-SUS_3-> INS-SUS

0.322

3.931

0

0.628

8.181

0

INS-SUS_4-> INS-SUS

0.264

2.932

0.003

0.592

6.521

0

KMT_2->KMT

1.000

OSP_1->OSP

0.367

2.35

0.019

0.737

6.811

0

OSP_2 -> OSP

0.413

2.761

0.006

0.722

7.077

0

OSP_4 -> OSP

0.553

4.454

0

0.78

9.081

0

PIS_1 -> PIS

0.742

5.389

0

0.942

17.899

0

PIS_4 -> PIS

0.390

2.297

0.022

0.771

7.389

0

PMT_1 -> PMT

0.380

3.803

0

0.718

8.244

0

PMT_5 -> PMT

0.483

2.877

0.004

0.859

13.497

0

PMT_6 -> PMT

0.425

2.682

0.007

0.736

5.472

0

POH_1 -> POH

1.000

PPD_1 -> PPD

0.511

3.164

0.002

0.697

5.406

0

PPD_4 -> PPD

0.741

5.883

0

0.869

9.652

0

PUE_1 -> PEU

0.705

6.905

0

0.811

10.423

0

PUE_2 -> PEU

0.285

2.539

0.011

0.581

5.726

0

PUE_3 -> PEU

0.425

3.283

0.001

0.618

5.072

0

SOC-SUS_1-> SOC-SUS

0.151

2.223

0.026

0.497

6.696

0

SOC-SUS_2-> SOC-SUS

0.520

6.353

0

0.799

13.672

0

SOC-SUS_3-> SOC-SUS

0.599

7.401

0

0.851

19.141

0

TBS_1-> TBS

1.000

TEC-SUS_3-> TEC-SUS

0.391

3.288

0.001

0.805

12.232

0

TEC-SUS_5-> TEC-SUS

0.724

7.137

0

0.947

27.203

0

1.000
1.000

1.000

1.000

1.000
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Table 5.7: Constructs’ collinearity statistics for the structural model (Inner VIF)
ECO-SUS

ENV-SUS

INS-SUS

CEF

SOC-SUS
1.118

ETS

1.313

FEU

1.257

FMP

1.642

INS-SUS

1.462

KMT

1.24

OSP
PEU

1.443
1.591

PIS

1.263

PMT

1.642

POH

1.222

PPD
SOC-SUS

1.238
1.534

1

TBS
TEC-SUS

TEC-SUS

1.204
1.06

The second evaluation criterion for the structural model was the path coefficients and their
significance. Table 5.8 illustrates the path coefficients (original sample and sample mean), tstatistics and p-values for each of the hypothesised relationships. In the PLS analysis, the path
coefficient is interpreted as a standardised regression coefficient. Further, the original sample
coefficient is the one that was estimated from the normal PLS analysis based on the original
sample (n=175). The sample mean, which is the average coefficient of all the bootstrapping
subsamples (i.e.in this research 5000), was estimated in this model to calculate the significance
level (t-statistics and p-values). Similarly, a large difference between these two columns (i.e.
original sample and sample mean) is an indication of bias between normal coefficient and
distribution of the sample. This result (see Table 5.8) demonstrates nonexistence of such bias.
Otherwise, ‘bias-correlated confidence intervals’ would be a suitable option for evaluating the
significance of the hypotheses in PLS-SEM analysis.
The results showed that 14 out of 16 hypothesised relationships were supported at a
significance level of 5% (p<0.05), while the other two were supported at a significance level
of 10% (see Table 5.8).
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In the path model estimation, both the direct and indirect effects were involved. The path
coefficient evaluation does not account for the indirect effects of the exogenous variables on
the dependent variables.
Table 5.8: Path coefficients and significance
Original
Sample
(O)

Sample
Mean
(M)

Standard
Deviation
(STDEV)

T
Statistics
(|O/STDEV|)

P
Values

CEF -> SOC-SUS

0.221

0.244

0.063

3.52

0.000

ETS -> TEC-SUS

0.129

0.123

0.074

1.735

0.083*

FEU -> SOC-SUS

0.254

0.248

0.054

4.661

0.000

FMP -> INS-SUS

0.576

0.575

0.071

8.128

0.000

INS-SUS -> TEC-SUS

0.218

0.228

0.081

2.695

0.007

KMT -> SOC-SUS

0.166

0.159

0.06

2.791

0.005

OSP -> TEC-SUS

0.200

0.206

0.073

2.736

0.006

PEU -> ECO-SUS

0.185

0.193

0.079

2.341

0.019

PIS -> TEC-SUS

0.240

0.241

0.056

4.258

0.000

PMT -> INS-SUS

0.238

0.251

0.079

3.000

0.003

POH -> SOC-SUS

0.288

0.288

0.057

5.018

0.000

PPD -> TEC-SUS

0.185

0.187

0.066

2.811

0.005

SOC-SUS -> ECO-SUS

0.513

0.517

0.079

6.496

0.000

SOC-SUS -> ENV-SUS

0.491

0.492

0.062

7.871

0.000

TBS -> SOC-SUS

0.107

0.105

0.060

1.792

0.073*

TEC-SUS -> ECO-SUS

0.126

0.126

0.057

2.222

0.026

Note: * are not supported.

Therefore, the total effect of each exogenous construct was also included in the evaluation
process (Table 5.9) to confirm the significance and relative importance of the indirect effects
in the model. As already discussed in the methodological chapter, the total effect (direct+
indirect) shows the direct and indirect effects of each exogenous construct on the endogenous
variables.
The significance of the total effects were obtained through a bootstrapping procedure and
presented in Table 5.9. Again, the second column of the table (original sample) was calculated
based on the original sample (n=175) and the later one (sample mean) was the average of
bootstrapping subsamples. The differences between two columns is minimal and indicates
nonexistence of bias between the original coefficient and sample distribution.
The results from Table 5.9 supported all the hypothesised relationships in the path model.
Similarly, most of the total effects were also found significant expect in five cases (see Table
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5.9). The indirect effect between “PPD -> ECO-SUS” was significant at a level of 10% and
the other “FMP -> ECO-SUS, INS-SUS -> ECO-SUS, OSP -> ECO-SUS and PMT -> ECOSUS”

were significant at a level above 10% (i.e. not significant).

Table 5.9: Total effects and their significance
Sample
Mean
(M)
0.128

Standard
Deviation
(STDEV)
0.044

T
Statistics
(|O/STDEV|)
2.605

P
Values

CEF -> ECO-SUS

Original
Sample
(O)
0.113

CEF -> ENV-SUS

0.109

0.12

0.032

3.370

0.001

CEF -> SOC-SUS

0.221

0.244

0.063

3.520

0

FEU -> ECO-SUS

0.13

0.127

0.030

4.349

0

FEU -> ENV-SUS

0.124

0.123

0.034

3.697

0

FEU -> SOC-SUS

0.254

0.248

0.054

4.661

0

FMP -> ECO-SUS

0.016

0.017

0.011

1.435

0.151**

FMP -> INS-SUS

0.576

0.575

0.071

8.128

0

FMP -> TEC-SUS

0.126

0.132

0.052

2.426

0.015

INS-SUS -> ECO-SUS

0.028

0.029

0.018

1.538

0.124**

INS-SUS -> TEC-SUS

0.218

0.228

0.081

2.695

0.007

KMT -> ECO-SUS

0.085

0.082

0.034

2.518

0.012

KMT -> ENV-SUS

0.082

0.078

0.031

2.610

0.009

KMT -> SOC-SUS

0.166

0.159

0.06

2.791

0.005

OSP -> ECO-SUS

0.025

0.027

0.017

1.527

0.127**

OSP -> TEC-SUS

0.2

0.206

0.073

2.736

0.006

PEU -> ECO-SUS

0.185

0.193

0.079

2.341

0.019

PIS -> ECO-SUS

0.03

0.03

0.015

2.042

0.041

PIS -> TEC-SUS

0.24

0.241

0.056

4.258

0

PMT -> ECO-SUS

0.007

0.007

0.005

1.345

0.179**

PMT -> INS-SUS

0.238

0.251

0.079

3.000

0.003

PMT -> TEC-SUS

0.052

0.057

0.027

1.953

0.051

POH -> ECO-SUS

0.147

0.149

0.038

3.886

0

POH -> ENV-SUS

0.141

0.142

0.035

4.049

0

POH -> SOC-SUS

0.288

0.288

0.057

5.018

0

PPD -> ECO-SUS

0.023

0.023

0.014

1.679

0.093*

PPD -> TEC-SUS

0.185

0.187

0.066

2.811

0.005

SOC-SUS -> ECO-SUS

0.513

0.517

0.079

6.496

0

SOC-SUS -> ENV-SUS

0.491

0.492

0.062

7.871

0

TEC-SUS -> ECO-SUS

0.126

0.126

0.057

2.222

0.026

0.009

Note: * not significant.

5.6 Path Model Results and Interpretation
The predictive capability of the model and relative importance of these relationships are
discussed in this section. Firstly, coefficients of determination (R2 values) and their
significance (t-statistics and p-values) for the each endogenous variable in the final path model
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are discussed. In the second part, total coefficients (direct and indirect) and their relative
importance in the prediction of R2 values for each endogenous variable in the model are
explained. Finally, the effect sizes (f2 values) of all the exogenous constructs in the final model
are presented.

5.6.1 Coefficient of determination (R2 Values)
The R2 values, and their significance (t statistics and p values) for the endogenous variables in
the final model are presented in Table 5.10. The path model analysis confirmed that 45.4% of
the variance of the final economic sustainability (ECO-SUS) is explained by three constructs:
social sustainability (SOC-SUS), institutional sustainability (INS-SUS) and productive use of
electricity (PEU). For this type of exploratory research this value (i.e. R2=0.454) is considered
an average level of explanatory power. Similarly, 24.1% of the variance of environmental
sustainability (ENV-SUS) is explained by social sustainability, which is considered relatively
weak.
Table 5.10: R2 values and significance

Significance
R2

values

T Statistics
(|O/STDEV|)

P Values

Economic sustainability
(ECO-SUS)

0.454

8.095

0.0000

Environmental sustainability
(ENV-SUS)

0.241

3.964

0.0000

Institutional sustainability
(INS-SUS)

0.560

10.842

0.0000

Social sustainability
(SOC-SUS)

0.453

8.346

0.0000

Technical sustainability
(TEC-SUS)

0.450

8.217

0.0000

Further, this analysis revealed four exogenous variables: flexibility in use of appliances (FEU),
contextual external factor (CEF), plant operation hours (POH), and knowledge of management
team (KMT), that together predict 45.3% of the variance of the social sustainability of project
sustainability (SOC-SUS). These exogenous variables have a moderate level of explanatory
power. Similarly, 45.0% of the variance of the technical sustainability (TEC-SUS) is explained
by four exogenous variables: post-installation support (PIS), expertise of technical staff (ETS),
project planning and design (PPD), and operation practices (OPS). Finally, the analysis
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revealed that 56.0 % of the variance of the institutional sustainability (INS-SUS) is explained
by two predictors: preference of the management team (PMT) and financial management
practices (FMP). The predictors of both endogenous variables (technical and institutional)
demonstrate a moderate level of explanatory power in predicting the total variance.

Total effects and relative contribution
The total effect of each exogenous construct on an endogenous variable is already presented in
Table 5.9 above. This section presents the same information but here seeks to clarify the
relative contribution from indirect and direct effects on each dependent variable. Table 5.11
illustrates the total effects (summative values of direct and indirect effects) of exogenous
constructs in the prediction of each endogenous variable. These values help to understand the
relative importance of predicting (exogenous) constructs in the model.
Table 5.11: Total effects

CEF
FEU
FMP
INS-SUS
KMT
OSP
PEU
PIS
PMT
POH
PPD
SOC-SUS
TEC-SUS

ECO-SUS
0.113
0.130
0.016*
0.028
0.085
0.025*
0.185
0.030
0.007*
0.147
0.023*
0.513
0.126

ENV-SUS
0.109
0.124

INS-SUS

SOC-SUS
0.221
0.254

0.576

TEC-SUS

0.126
0.218
0.166

0.082

0.200
0.240
0.052

0.238
0.288

0.141

0.185
0.491

Note 1: all the shaded values are indirect effects.
Note 2: * non-significant.
Note 3: All total effects (otherwise specified) presented in this table are significant at a level of
5%.

Technical, economic and environmental sustainability have both direct and indirect effects in
the estimation of the R2 values. There were altogether four direct effects and two indirect effects
on technical sustainability (TEC-SUS). Among the direct predictors, post-installation support
(PIS) was the strongest (0.240), followed by institutional sustainability (0.218), operation
practice (OPS, 0.20), and participatory planning and design (PPD, 0.185). The preference of
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management team (0.052) and financial management practice (FMP) (0.126) are two indirect
predictors. However, the contribution of PMT is relatively low.
Economic sustainability had three direct and 10 indirect predictors. Social sustainability (SOSSUS) had the largest association effect (0.513), followed by the productive use of electricity
(PEU, 0.185) and technical sustainability (0.124). Among the indirect predictors, the plant
operation hours had an effect score of 0.147, followed by flexibility in electricity use (0.130).
Both of these indirect effects were similar to the direct effect size for technical sustainability.
Environmental sustainability was associated with one direct predictor and four indirect
variables. Social suitability (SOC-SUS) was found to have a strong effect on environmental
substantially (0.491). The indirect predictors of environmental sustainability and their effect
sizes were operation hours (POH, 0.149), flexibility in electricity use (FEU, 0.124), contextual
external factor (CEF, 0.109) and knowledge of management team (KMT, 0.082).
In the prediction of social sustainability (SOC-SUS) and institutional sustainability (INS-SUS)
only direct effects are involved. Social sustainability is predicted by four exogenous variables
with different levels of contribution. Plant operation hours (POH) obtained the highest effect
score (0.288), followed by flexibility in electricity use (FEU, 0.254), contextual external factors
(CEF, 0.221) and knowledge of management team (KMT, 0.166). In the case of institutional
sustainability (INS-SUS), the financial management practice (FMP) has the largest
contribution (0.576). The performance of the management team (PMT) which was second
predictor for this endogenous construct, and it had a smaller direct effect of 0.238.

Effect size (f2 value)
In the PLS-SEM algorithm, effect size (f2) is another quality criterion. The f2 value indicates
how important are the exogenous constructs in predicting the variance of a particular
endogenous variable. The f2 value shows the change in R2 from the inclusion of a construct.
The resulting f2 values of all the exogenous constructs in the final model are presented in Table
5.12.
As the results illustrate, one predictor has strong effect and two others have moderate effects
on economic sustainability. Social sustainability was the strongest. Similarly, in the prediction
of institutional sustainability, the financial management practice had a strong effect size
(0.459). Further, plant operation hours and flexibility in use of electricity had a moderate effect
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on social sustainability. Finally, all of the predictors of technical sustainability had moderate
effect sizes.
Table 5.12: Effect size f2

ECO-SUS
CEF
ETS
FEU
FMP
INS-SUS
KMT
OSP
PEU
PIS
PMT
POH
PPD
SOC-SUS
TBS
TEC-SUS

ENV-SUS

INS-SUS

SOC-SUS

TEC-SUS

0.08
0.023
0.093
0.459
0.059
0.041
0.050
0.039
0.083
0.078
0.124
0.050
0.314

0.317
0.017

0.028

5.6.2 Summary of the results
In the final quantitative analysis, the total sample included 175 units of analysis. The data were
obtained through face-to-face interviews with the project managers of off-grid micro-hydro
projects constructed in Nepal. The average installed capacity of these projects was 39 kW with
minimum operational experiences of three years to a maximum of 22 years (mean: 9 years).
On an average, these projects serve at the rate of 10 families per kW with a high variation from
2-32 families per kW. In terms of project ownership, implementation modality and funding
sources, there was homogeneity in these variables. About 91% of the projects were owned by
local communities (users’ committee and cooperative) and more than 94% of projects were
implemented through the government’s subsidy program. More than 73% of the initial
investment costs of these projects were covered by the subsidies and grants.
PLS-SEM was used to analyse the data set. The final path model comprised 15 formative
measurement models. The SmartPLS (v.3.2.8) program was employed to run the path model.
The final model was evaluated with three different sets of criteria to confirm the predictive
capabilities and its accuracy (quality). The formative measurement models were assessed for
potential multicollinearity issues and the relative and absolute contribution of formative
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indicators and their level of significance. Further, after the measurement models were
successfully evaluated, the inner structural model was examined for multicollinearity, path
coefficients and level of significance. These empirical estimates supported the hypothesised
relationships a significance level of 5%.
The PLS-SEM estimated the R2 values, path coefficients and a level of significance (t-values,
p-values) for each of the endogenous constructs in the path model. Four exogenous variables:
(i) POH (0.288), (ii) FEU (0.254), CEF (0.221), and (iv) KMT (0.166) explained 45.3% of the
total variance of social sustainability (SOC-SUS). The variance of institutional sustainability
(56.0%) was explained by two variables: PMT (0.238) and FMP (0.576). Financial
management practice (FMP) was the most important exogenous variable in the prediction of
institutional sustainability (INS-SUS). Further, four exogenous variables namely

post

installation support (PIS), participatory project planning and design (PDD), expertise of
technical staff (ETS) and operation practice (OPS) predicted 45.0% of the variance of technical
sustainability (TEC-SUS). Among these predictors, post-installation support (0.240) was the
strongest variable followed by the OSP and PDD. Finally, economic sustainability was
predicted by three exogenous variables. Social sustainability (0.513) and productive use of
electricity (PEU, 0.185) were the two main contributors in predicting the total variance (45.4%)
of economic sustainability. The effect of technical sustainability towards the economic
sustainability was low but significant. Finally, the total variance of environmental
sustainability (24.1%) was predicted by social sustainability (0.491).
Apart from the direct effects of the exogenous variables, there were indirect (mediating) effects
of various exogenous variables on the three endogenous variables (economic, environmental
and technical) in the final path model. Among the 10 indirect effects towards the economic
sustainability, the POH (0.147) and FEU (0.130) were relatively stronger than the other three.
The same exogenous variables (POH, FEU) had indirect effects on environmental
sustainability (0.141 and 0.124 respectively). The preference of management team (PMT) and
the financial management practice (FMP) also influenced technical sustainability with indirect
effects of 0.052 and 0.126 respectively.
In terms of the effect size (i.e. impact on R2), social sustainability had a strong effect (0.314)
on economic sustainability. Similarly, in the prediction of institutional sustainability, financial
management practice had a large effect size (0.459). Further, the effect size of plant operation
hours (0.124) and flexibility in use of electricity (0.093) had moderate effects in the prediction
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of social sustainability. Finally, all of the predictors of technical sustainability had moderate to
weak effect sizes. The single predictor of environmental sustainability, social sustainability,
had a large effect size of 0.317.
The third theoretical model (Figure 5.8), demonstrates the statistically significant relationships.
The path coefficients (equivalent to the Beta coefficients) of each of these relationships and
predictive capacity (R2 values) for each of the sustainability dimensions (endogenous variables)
are also illustrated. The model demonstrates that four different sets of project attributes are
associated with four aspects of sustainability. Similarly, the sustainability dimensions are also
interacting between them with different effect sizes. For example, social and technical
sustainability relate to economic sustainability. However, the impact of social sustainability
(0.513) is much stronger compared to technical sustainability (0.126).

Figure 5.8: The final theoretical model for sustainable operation of off-grid energy services.

5.7 Conclusion
This chapter analysed the data obtained through a quantitative survey on 175 micro-hydro
projects. By employing PLS-SEM algorithm, 16 hypothesised relationships between the
project attributes and sustainability performance were evaluated. The path model estimated R2
values, path coefficients and their significance for each of these relationships. The results
showed that 14 out of 16 hypothesised relationships were supported at a significance level of
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5% while the other one was supported at a significance level of 10%. These and other results
were briefly explained in Section 5.5 of this chapter. The next chapter (Discussion) further
discusses and interpret some of these results to generate some generalisable conclusions.
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Chapter Six

6 Discussion of Criteria for Sustainable Operation of Off-Grid
Electrification Projects
6.1 Introduction
In the majority of past empirical studies on sustainability assessments of off-grid energy
projects, five sustainability dimensions (social, economic, environmental, technical and
institutional) and corresponding sets of indicators have been employed. In most of these
studies, each of these dimensions was separately evaluated and the resulting values aggregated
to produce a total sustainability index (Ilskog, 2008a, 2008c; Mainali et al., 2014; Wang et al.,
2009).Indeed, the current research is able to identify 14 relationships between the project
attributes and various dimensions of sustainability. Overall sustainability of such off-grid
systems is a resulting effect of interactions between the dimensions and influence of various
external factors.
In Chapter two, a conceptual framework for the sustainability of off-grid micro-hydro projects
(Figure 2.6), was presented to explain factors identified in the literature as explaining the
sustainability of off-grid energy projects. The model illustrated several attributes that may
influence performance. Then, the first phase of research findings (qualitative study) sought to
identify additional factors that lead to the sustainable operation of micro-hydro projects
(MHPs). Based on the findings from both the literature and the qualitative research, a
theoretical model for sustainable operation of off-grid energy systems was developed (see
Figure 4.2). The model demonstrated various relationships between the project attributes and
different aspects of sustainability performance. The final phase of research (quantitative)
confirmed most of these relationships and their relative importance in predicting total variance
of different sustainability dimensions. The final theoretical framework for sustainable
operation of off-grid micro-hydro projects in Nepal is presented in Figure 5.8.
As illustrated in Figure 5.8, this research identified 10 project attributes that are associated with
five sustainability dimensions of off-grid micro-hydro projects. The relative importance of
these variables (i.e. direct and indirect effects and effective size) in the prediction of total
variance in each of these endogenous variables (sustainability dimensions) is summarised in
Table 6.1. Plant operation hours (POH) and flexibility in electricity use (FEU) were important
variables found to be related to the social sustainability dimension of the projects. Among the
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four predicting variables of social sustainability, plant operation hours and flexibility in use of
electricity were the two attributes with the largest path coefficient of 0.288 and 0.254
respectively. Further, they had medium effect sizes (0.124 and 0.093 respectively), however,
these were the highest sizes in the group.
Table 6.1: Direct and indirect effects and effect size of contributing project attributes

Contributing project
attributes

Sustainability
dimensions

1. Flexibility in
electricity use

Social
Economic
Environmental

Direct effect
Effect Size Indirect effect
value
Rank value Rank value Rank
III
0.254
0.093 III
0.130 III
V
0.124

2. Plant operation hours Social
Economic
Environmental

0.288

Social
Economic
Environmental

0.166

Social
Economic
Environmental

0.221

3. Knowledge of
management team

4. Contextual external
factors

II

0.124

II

0.147
0.141
X

VI

0.041

0.080

0.085
0.082

VIII

0.113
0.109

VI
VII

0.03

XI

0.052

X

0.126

IV

IX

V

0.185

IX

0.039

IX

6. Participatory
planning and design

Technical

0.185

VIII

0.050

VII

7. Post-installation
support

Technical
Economic

0.240

IV

0.083

IV

8. Operation practices

Technical

0.200

VII

0.050

VII

9. Performance of
management team

Institutional
Technical

0.238

V

0.078

VI

10. Financial
management
practices

Institutional
Technical

0.576

0.459

II

VIII

5. Productive electricity Economic
uses

I

I

I

Similarly, three exogenous variables (i.e. participatory planning and design, operation practice
(OPS) and post-installation support (PIS)) along with institutional dimensions are associated
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with technical sustainability of these project. Post-installation support (0.240) and operation
practice (0.200) were the key predictor variables (including institutional sustainability) of
technical sustainability. The effective size of all these variables were found to be in the medium
to low range (PIS: 0.083 to OPS: 0.050).
Similarly, financial management practice (0.576) and performance of the management team
(0.238) were positively associated with institutional sustainability. In terms of effective size,
the first variable was found much larger (0.459) compared to the second variable (0.079).
Further, the productive use of electricity together with social and technical sustainability are
associated with economic sustainability of these projects. Social sustainability (0.513) was the
key predictor of economic sustainability followed by productive electricity use (0.186) and
technical sustainability (0.126). The effect size of the social sustainability was much larger
(0.314) than other two predictors (PEU: 0.039, TEC-SUS: 0.028). This result demonstrates that
social sustainability is the variable most closely associated with economic sustainability.
Finally, the social sustainability of these projects is found to be associated with environmental
sustainability.
Many of these exogenous variables also have indirect effects (mediating effect) on economic,
environment and technical sustainability. The reminder of this chapter contains a discussions
of these important attributes and their relationships with various dimensions of sustainability
and their indicators. Table 6.2 shows the outline of Chapter 6.
Table 6.2: Outline of Chapter 6

Section
6.1
6.2
6.3
6.4
6.5
6.6
6.7
6.8

Headings
Introduction
Key project attributes Contributing Towards
Social Sustainability
Key project attributes Contributing Towards
Institutional Sustainability
Key project Attributes Contributing Towards
Technical Sustainability
Key project Attributes Contributing Towards
Economic Sustainability
Key Project Attributes Contributing Towards
Environment Sustainability
Cross-cutting Project Attributes
Conclusion
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6.2 Key Project Attributes Contributing Towards Social
Sustainability
In this research context, social sustainability refers to the impact of the electricity service on
three social aspects: (i) improved viability of community services that depend on electricity
(e.g., education facilities), (ii) reduction in workload of local communities (e.g., agroprocessing mills), and (iii) creation of new job opportunities (e.g., plant operators, technicians).
The qualitative study (first phase) identified a number of benefits that off-grid micro-hydro
projects offer to local communities. After the micro-hydro project was constructed in these
villages, some schools installed computers and laboratory equipment and also introduced
additional vocational subjects. With the availability of electricity, these schools were able to
run evening classes too. In the villages, new agro-processing mills were installed or existing
diesel mills were replaced with new electric mills. In addition to electric bulbs, villagers started
using other appliances like TVs, rice cookers and grinders. In some communities, electricity
was used to power telecommunication towers that enabled local communities to use mobile
phones and internet facilities. With electricity access, small-scale enterprises like bakeries,
poultry farming and meat shops were established in these villages. These businesses created
additional employment opportunities and income sources in the villages. Thus, the quality of
life of villagers was improved and livelihoods were enhanced by the micro-hydro projects.
The qualitative analysis identified a number of project themes (i.e. tariff and billing, flexibility
in electricity use, plant operation hours, knowledge of management teams and contextual
external factors42) that may influence social sustainability of the project. The PLS-SEM
analysis confirmed four out of the five hypothesised relationships (except the hypothesised
relationship between tariff and billing system and social sustainability). Price inelasticity of
household demand for electricity in such off-grid projects could be one of the reasons for not
supporting this relationship. Müller et al. (2018) attempted to closely examine the demand
pattern in Nepal’s off-grid micro-hydro communities and found that household demand for
electricity in those rural villages was highly price inelastic (-0.15), meaning that the electricity
consumption was largely driven by factors other than price such as adequate (i.e. flexibility in
use of appliances) and uninterrupted (longer hours43 of plant operation) power supply. The

42

These are external factors such as road expansion, credit facilities, local NGOs, which are beyond the control
of such off-grid projects.
43
Typically, off-grid micro-hydro projects are operated for certain hours per day.
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supported four exogenous variables and their measurement indicators are presented in Figure
6.1.

Figure 6.1: Indicators of social sustainability and the predicting variables

The relative importance of four confirmed attributes in explaining the variance of social
sustainability is illustrated in Figure 6.2. Among the four, the plant operation hours (POH) and
flexibility in electricity use (FEU) are found to be the two strongest predictors followed by
contextual external factors (e.g., road access, credit, NGOs) and knowledge of the management
team (e.g., power supply and demand, productive use of electricity). Some of the important
exogenous variables and their contribution to social sustainability are further discussed below.
However, knowledge level of management teams, which also directly influences other
sustainability dimensions in the model, is discussed under the cross-cutting variables.
Flexibility in electricity use in such off-grid electrified communities can be directly linked to
the plant capacity. In the studied projects (n=175), the average number of customers per kW
was 10 families, with a range from 2 to 30 families. There is always a trade-off between size
and upfront investment costs in determining the plant capacity. Large-size projects typically
offer more flexibility in terms of using appliances and establishing local businesses. However,
as the projects were mostly subsidy-driven, the installed capacity of such projects was guided
by the prevailing policies. In the Nepalese context, the amount of subsidy provided is based on
the number of households to be electrified. Therefore, many communities sought to include as
many customers as possible to obtain maximum subsidies.
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CEF
FEU
KMT
POH

Figure 6.2: Relative importance of predicting variables of social sustainability
Notes: CEF – Contextual External Factors, FEU – Flexibility in Electricity Use, KMT – Knowledge of
Management Teams, POH – Plant Operation Hours.

Electricity was entirely a new experience for most of the micro-hydro serving communities.
Villagers that have not previously had access to electricity initially tend to consume a smaller
amount of electrical power that is enough to light a few bulbs and charge mobile phones. After
the electricity service is provided in such villages, local retailers (e.g., electronic shops, cable
network and internet service providers) further encourage these villagers to buy more electrical
appliances. Over time, the improved economic status of local people (due to the electricity or
other reasons) together with the power supply continuity (i.e. during day and night time) further
increases the local power demand. It was learnt from the qualitative study that more competent
project managers take these changes as an opportunity and manage load demand effectively.
At some point, when existing projects reach saturation, they are either upgraded to a higher
capacity (i.e. increase the capacity) or an additional micro-hydro project is constructed in their
villages. They therefore demonstrate flexibility in electricity use, and generally have longer
operating hours. Some other projects, which do not have staff knowledgeable about how to
manage such demand growth, generally head towards an unsustainable outcome.
Examining further flexibility in electricity use and plant operating hours, growth in electricity
demand in rural communities is driven by two key factors (i) knowledge and strategies for
commercial operation of off-grid energy plants, and (ii) opportunity for productive use of
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electricity. During the qualitative study, some project developers were found adequately
knowledgeable about local power demand, paying capacity of local customers and future
potential growth in electricity sales revenue. Daram Khola MHP (70 kW) was one of the
successful project that was owned and operated by a private developer. The owner initially
installed a small water turbine in the village. He produced 10 kW electricity from the turbine
and distributed to his neighbours. The power was enough for few bulbs and charging mobile
phones. After few years of operation, local villagers started demanding more power for running
additional appliances. Some other villagers expressed their interest in establishing some local
businesses. The owner then carefully evaluated the market for electricity and installed the 70
kW project. Now, all the villagers are able to use more appliances. More than 20 local
businesses including agro-processing mills are powered by the plant. The plant factor of the
scheme is above 50%. He introduced a low-cost electricity option at the beginning and
succeeded to develop a bigger market for it. This was one of the successful off-grid rural
electrification projects visited. Ghandruk MHP (50kW) was another successful example from
the qualitative study. The project management teams put maximum effort for linking the microhydro project with local economic activities. In particular, they encouraged local hotels and
restaurants to use locally available electricity instead of operating the expensive diesel
generators. As a consequence, the demand for electricity in the village was doubled in just five
years. To manage the demand growth, they built another 50 kW project. During my visit, the
same community was planning to build a third project to cater the ever growing demand. This
was another successful project visited during the qualitative study.
Project design issues such as an unrealistic demand forecast, low consumption of power and
inappropriate equipment sizing are frequently reported in the literature (Murni et al., 2013;
Peters et al., 2018; Tamir et al., 2015). However, some of these scholars have emphasised the
benefits of selecting a smaller size that meets the current load demand. They believe that
smaller projects are financially more viable as the capital cost would be lower. Whereas some
other researchers argued for a larger capacity to reserve for future demand growth. This
research found that successful projects were those which preferred to install a small-sized
project at the beginning and extend the capacity (i.e. upgrade or new installation) once the
market for the electricity is developed in the village. Ghandruk and Bhujung MHP were two
successful examples that have already installed their second project to meet the growing
demand. Paropakar and Girindi MHP were two other projects who are now managing the load
effectively and planning to install a new project in near future. Such practice helps local
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communities to minimise the risk of low returns on investment costs. Further, such a gradual
expansion of plant capacity in these villages helps to improve the plant factor of these projects
and thus increases the electricity sales revenue.
Some communities, that built a large capacity project at the beginning, were found struggling
for repayment of loans. There were at least two overly sized projects that were able to utilise
only about one-third of their capacity. Both of these projects were in financial trouble. On the
other hand, there were a few other visited projects that were not able to meet the growth in
local power demand. Such situations often created frustration among the customers. During the
qualitative study, two such communities were found looking for other options (i.e. central grid
or large hydro) to have more flexible power supply. They were the worst performing projects
among the visited micro-hydro projects.
The findings from the quantitative analysis provide strong evidence that projects with long
hours of operation were found to perform better than other projects with fewer hours.
Availability of electricity in these villages during day-time hours encourages local people to
use more appliances and run small businesses. Similarly, the management of such projects
introduced differentiated tariff rates that incentivised local residents to use electricity wisely.
The provision of day-time electricity also encouraged local schools to start computer classes,
health posts to operate x-ray machines and local restaurants to run refrigerators. Electronics
shops and mobile phone repair centres were often established in the villages after a continuous
power supply. Due to the uninterrupted power supply, some telecommunication service
providers installed new towers to meet the growing demand for mobile networks and internet.
Many villagers enjoy watching TV or engage in income generation activities during the day or
night times. However, the importance of long hours of plant operation in achieving
sustainability performance was under explained in the literature.
Contextual external factors is another variable associated with improved social sustainability.
The qualitative study identified several factors that may influence social performance of such
projects. The PLS-SEM analysis confirmed two factors namely credit facilities (e.g., financial
institutions, banks) and contact with supporting agencies (e.g., ACAP, AEPC) that were
associated with social sustainability. The qualitative study found that a high number of local
businesses were observed in some projects, with easy access to credit. In some of these projects,
local cooperatives or branches of commercial banks were active in the villages. In a few other
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projects, the project management provided soft loans from their savings to encourage local
entrepreneurs to establish local businesses.
Linkage of project management teams with the supporting agency and other development
partners, which is the second indicator of contextual external factors, can also help to improve
social sustainability of off-grid energy projects. During the qualitative study, at least two microhydro managers were found to be in regular contact with the supporting agencies.
REDP/UNDP provided a training and technical assistance to Girandi Khola MHP after the
completion of installation. A similar experience was seen in Bhujung MHP, where the funding
agency –Tokoshima Friendship Association, Japan – has been continuously supporting the
local community in promoting enterprises. As a result, both the rural communities have a
variety of local businesses including a bakery, tea factory, and rope-ways.
Credit financing is recognised as one of the key drivers for uptake of decentralised energy
technologies (Glemarec, 2012) and establishment of local businesses (Bhattacharyya & Palit,
2016) . They argued that a flexible and locally available financial support mechanism would
be effective for local businesses to manage their cash-flow rather than receiving a one-time
capital subsidy. However, the influence of networks and links between project managers and
external development partners was less explained in the literature.
To sum-up, an adequate and uninterrupted power supply with long operating hours and
flexibility in electricity use is a pre-requisite for a long-term sustainability of off-grid energy
services. Such services can facilitate a transition towards better livelihoods and well-being of
local people. However, supplying power to a growing local demand by an off-grid energy
system is a challenging job. Nevertheless, some communities with competent project managers
are able to manage this challenge more efficiently than others. Meeting local power demand
without compromising financial health of the project should be the ultimate goal of project
managers for achieving social sustainability of off-grid energy services.

6.3 Key Project Attributes Contributing Towards Institutional
Sustainability
Off-grid micro-hydro projects are generally owned by locally registered community
organisations. The executive committees of these community entities are responsible for
overall management of the micro-hydro projects. The leadership selection process in these
institutions is largely defined by their constitution and bylaws. One common practice reported
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during the qualitative study was that the chairperson and other executive members are selected
for two to three years by the users through a consensus-based decision. These management
teams typically interact with local stakeholders (e.g., households, business owners, schools,
etc.), to develop the established rules and procedures to deliver an uninterrupted and safe
electric power supply in their communities (Valentin & Spangenberg, 2000).
As already discussed, the performance of many micro-hydro projects in the study was
associated with the characteristics of management teams and financial management practice.
The qualitative study (first phase) revealed that the management team members have different
characteristics, and perform differently from one project to another. Similarly, some of these
projects followed systematic financial management procedures, whereas others did not use any
of those. In the second part (quantitative research), the relationships between the two
exogenous variables (i.e. performance of management teams and financial management
practice) and institutional performance of these local micro-hydro projects were evaluated. As
illustrated in Figure 6.3, four institutional aspects were used as indicator variables for the
formative construct when defining the institutional sustainability of these organisations. These
aspects were: (i) regular deposit of all savings, (ii) annual financial audit, (iii) stock of essential
spare parts, and (iv) sales revenue collection rate.

Figure 6.3: Indicator of institutional sustainability and the predicting (exogenous) variables

The final PLS-SEM path model analysis confirmed that performance of management teams
and financial management practice were associated with institutional sustainability. Exogenous
variables such as standard financial management procedures, dedicated staff, book keeping,

management priority for uninterrupted power supply, team work and proper documentation of
activities drive institutional sustainability. As illustrated in Figure 6.4, financial management
practice (FMP) was found to have the larger total effect (0.576) and effect size (0.459).
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FMP
PMT

Figure 6.4: Predicting attributes of institutional sustainability of off-grid hydro projects.
Notes: FMP – Financial Management Practice, PMT – Performance of Management Teams.

This is consistent with the existing literature where a lack of management capacity, high
proportion of payment defaults and untrained staff have previously been identified as
influencing the performance of micro-hydro plants (Bhattacharyya & Palit, 2016; Lillo, FerrerMartí, Boni, et al., 2015; Nepal, 2012).
Financial management practices is the main variable associated with improved institutional
sustainability. Proper documentation of financial transactions including preparation of monthly
financial statements, regular internal audits of expenditure, regular deposit of savings and
annual financial audits were commonly found in the high-performance micro-hydro projects.
Some projects were identified that had good practices from the inception phase of these
projects. For instance, Girandi Khola MHP and Paropakar MHP established a number of
payment counters, dedicated staff and bank accounts from the beginning. As in large electricity
utilities, they have adapted a similar tariff structure and computerised billing system. Further,
accountants in these projects regularly deposit the collection, prepare monthly financial
statements and get approval from the authorised executive members.
Financial management issues are not adequately discussed in the current literature. Low
purchasing capacity of rural communities (Lahimer et al., 2013; Nepal, 2012) and high
payment default rates are some of the financial issues of off-grid energy systems reported in
the literature. Peters et al. (2019) explained two key reasons for the high proportion of defaults
in community-managed mini-grid services. Firstly, local communities perceive RE-based
mini-grids as their property and a free source of energy. Hence, they often misunderstand or
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under-appreciate a need for an operation and maintenance fund. Secondly, the project
managers, being inhabitants of the same village, can’t impose strict rules to their neighbours
for a regular payments. While the literature identifies financial management as being important,
it is financial management overall that is found to be a driver of institutional sustainability and
not just the managing of defaults. More specifically, use of standard financial management
systems (i.e. computer software), recruiting dedicated staff (i.e. accountant, energy meter
readers) and regular book keeping and internal audits are found to be important. During the
qualitative study, micro-hydro projects having all these attributes were performing far better
than other projects without such practices. It was observed that in successful projects, billing
and tariff collection were taken care of by dedicated staff teams. A designated team of staff
was assigned to read energy meters, prepare monthly electricity bills, and collect the sales
revenues in a good performing off-grid energy project. These staff were also responsible for
preparing monthly financial statements and get files approvals from the management.
Similarly, rather than have direct involvement in collecting electricity sales revenue, the
management team regularly supervised staff performance and monitored monthly financial
statements. This kind of coordination and discipline helped these projects to enhance operation
and financial management capacity. Some of these rural energy entities also allocated a certain
percentage of their income to a contingency fund to cover the cost of major repair works.
Turning to the second key attribute of institutional sustainability, performance of the
management team, it was first observed that management team members are locally elected
community leaders and possess different level of knowledge and technical understanding
which can affect their capability as managers. Some of the members are current employees of
other institutions (e.g., school teachers, chairperson of local council, executive of local
cooperative, etc.). Some others are retired personnel (i.e. ex-British army, government officers,
etc.). Their technical knowledge and previous management experience influences their ability
to prioritise different project-level activities. Unfortunately some of these communities and
their leaders are limited in their abilities to manage the activities that would lead their project
toward more sustainable outcome.
When uninterrupted power supply becomes their first priority, managers put in a great deal of
effort to ensure that the plant is in good condition and operates efficiently. A micro-hydro plant
is a highly technical infrastructure that requires qualified and skilled technical staff and a
sufficient level of after-sales services, including an adequate stock of spare parts. The
qualitative study found that some management teams put their best efforts and allocate
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maximum resources to ensure that these projects run in good condition. Some of these
management teams typically undertake regular monitoring of various project components
including the intakes44, canals45 and distribution networks. These project managers arrange for
regular maintenance of the canal and were found to hire a number of dedicated people to take
care of the intake and canal. To minimise power outage and avoid any short-circuit faults and
thunderstorm hits, they maintain proper earthing systems and install an adequate number of
lightening arrestors across the distribution networks. Some of the managers also build good
accommodation facilities at their powerhouse and encourage their operators to constantly
monitor the equipment. Most importantly, they allocate sufficient resources to buy and keep in
stock essential spare parts (e.g., bearings, fuses, thyristor, power belts, etc.) for the project so
that minor technical issues in the power house can be fixed immediately. Technical issue such
as system operation and maintenance and unreliable power supply are discussed in the literature
(Klunne & Michael, 2010; Tamir et al., 2015; van Ruijven et al., 2012). However, the priority
of the management teams and the role of project managers in providing uninterrupted power
supply in the off-grid communities were under explained in the literature. Therefore, this is
another contribution to the literature.
This kind of coordination and teamwork helps these projects to enhance operation and financial
management capacity. The qualitative study also found that technical staff with a level of
autonomy were found more motived towards supplying a more reliable service than other
projects where management teams interfere day-to-day plant operation.
Proper documentation of project activities including minuting of decisions is the third indicator
of performance of management teams that drives institutional sustainability. The qualitative
study found that more often than not, these project managers work virtually without any
physical office space. Generally, they organise meetings in public places, discuss an agenda,
and agree on several issues. Very few of them properly minute the meetings and disseminate
the minutes to the relevant stakeholders. This is a concern as proper documentation helps to
retain institutional memories and also enhance client relationships, and accurate meeting
minutes helps to drive a plan of action for the management team and their employees (Corbett,
Grube, Lovell, & Scott, 2018; Miyashiro, 1996; Todorović, Petrović, Mihić, Obradović, &

44

Diversion of flow of water to the canal without a permanent structure. During the monsoon season, when the
water level is high in the river, an adequate amount of water can be diverted without any structure. The
temporary structures are required during the dry seasons when the flow is flow is low.
45
Water channels are used to carry the required quantity of flow of water from the intake to the powerhouse.
Earthen canals are constructed by using local materials like mud and stone (without using concrete).
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Bushuyev, 2015). Further, such documentation helps: (i) develop a plan for the action items
and (ii) review and measure progress. Maintenance of technical log-books is another important
requirement in the projects. The log-books record the daily operation of the plant (e.g., current,
voltage, frequency, power output, water flow, etc.) and scheduled maintenance works
(earthing, belts, lubrication, bearing, etc.). Similarly, records of any major repair works in the
plant should be documented for future reference. New operators and future service providers
can benefit from such institutional recorded experience in operating the plants. Most
importantly, these documentations drive action, track progress, and increase accountability.

6.4 Key Project Attributes Contributing Towards Technical
Sustainability
The qualitative study findings identified a number of project attributes that were linked with
technical performance. In the PLS-SEM path model, uninterrupted and high quality power
supply (e.g., load compatibility, reliability) and safe power supply (e.g., earthing, high voltage
protection, lightening arrestors) were taken into account when selecting indicators for technical
sustainability. The PLS-SEM path model analysis confirmed that three exogenous variables
(participatory planning and design, operation practice, and post-installation support), along
with institutional sustainability, were all positively associated with technical sustainability of
the projects. As illustrated in Figure 6.5, each of these exogenous constructs is constituted by
two or more indicator variables. These include post-installation support for the plant operation
and capacity building, use of standard operational guidelines, maintenance of a technical log
book, compliance with safety standards and participation of local communities in planning and
designing of local energy projects.
The relative importance of these predicting variables in term of total effect is illustrated in
Figure 6.6 and the effect size of these variables is illustrated in Table 6.1. Among them, postinstallation support (PIS) was the strongest predictor followed by institutional sustainability
performance (INS-SUS), operation practice (OPS) and participatory planning and design
(PPD).
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Figure 6.5: Indicator of technical sustainability and the predicting variables

Some of the important exogenous variables and their contribution to technical sustainability
are further discussed in next sub-sections. However, post-installation support, which also
directly influences other sustainability dimensions in the model, is discussed under the crosscutting variables.
The findings confirmed the importance of a number of factors identified in previous studies as
drivers of technical performance of such schemes. Lack of skilled technicians, remoteness,
poor after-sales services are some of the technical issues of off-grid energy systems reported
in the literature (Klunne & Michael, 2010; Lahimer et al., 2013; Mainali & Silveira, 2015;
Peters et al., 2019; van Ruijven et al., 2012). The qualitative study also identified some of these
issues such as day-to-day plant operation and expertise of technical staff that may influence
technical sustainability of the micro-hydro projects.
However, the PLS-SEM analysis did not support the relationship between the expertise of
technical staff and technical sustainability. Rather, this study confirmed that use of standard
operational guidelines, regular maintenance of a technical log book and full compliance with
safety standards are important for technical sustainability of such off-grid energy projects.
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ETS
INS-SUS
OPS
PIS
PMT
PPD

Figure 6.6: Predicting attributes of technical sustainability of off-grid hydro projects.
Note: ETS – Expertise of Technical Staff, INS-SUS – Institutional Sustainability, OPS – Operation Practice, PIS
– Post Installation Support, PMT – Performance of Management Team, PDD – Participatory Planning and Design.

Typically, off-grid micro-hydro projects are manually operated, and thus, supply reliability of
such schemes depends on plant operation practices and guidelines. In the context of Nepalese
micro-hydro projects, appropriate technologies are selected to minimise upfront cost and also
simplify operations. The water flow to the turbine is manually controlled46 so that full capacity
power is produced all the time. Instead of using a governor47 to control water flow, an electric
load controller (ELC) is used to control the power supply to the village. If the generated power
supply is more than the load demand in the village, the ELC diverts the excess power to the
ballast heater48. When the demand exceeds the supply capacity, the operator: (i) either
disconnects some parts of the community (load shedding) or (ii) shut the project down until the
load demand is reduced. Further to this, short-circuits and other faults inside houses is another
common problem in off-grid electrification.
With respect to the first of indicator variables for daily plant operation practices, during the
qualitative study, some micro-hydro schemes were found strictly follow the standard

46

The plant operators generally use the manual valve to open the water flow to the turbine and run the plant.
When they need to shut down the plant, they use the same valve.
47
Governor is a controlling device that senses the electricity load demand and releases the flow of water to the
turbine.
48
This is an artificial power load that consumes the spill power.
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operational guidelines provided by the installation companies. Most of the plant operators, after
attending the AEPC’s tailor-made operators’ training program, started working on these
projects. However, the operators who were involved in the project at the inception phase had
more experience and superior skills. These plant operators have detailed knowledge about the
project components and standard operational procedures and guidelines. These experienced
operators were also better able to predict local demand patterns in the village, and so regulate
the water flow accordingly to meet the local demand.
Typically, micro-hydro plant operators are required to maintain a technical log-book at the
power house, which is the second of the indicator variables for daily plant operation practices.
This involves recording of periodic meter readings (e.g., energy, power, voltage, current),
regular maintenance (e.g., safety check, greasing) and major incidents (scheduled power cut,
short-circuits trappings, emergency shutdown). Such practices were found to regularly occur
only in the well-performing projects. One of the managers told that such information was
helpful for (i) regular monitoring of staff performance, and (ii) repairing or replacement of
equipment, and (iii) load management and upgrading of plant capacity.
Safety compliances and regular maintenance of protection devices are other critical aspects of
such off-grid projects, and this is the third of the indicator variables for daily plant operation
practices. The qualitative study revealed that a good maintenance of earthing system in the
powerhouse and distribution networks helped to protect the equipment and machinery from
frequent thunder storms and other technical faults such as short-circuits in the distribution lines.
Some successful projects installed adequate numbers of MCBs in each of the distribution
circuits. Such facility helped the plant operators to quickly identify faults and isolate from rest
of the distribution system. It was also learnt from these communities that proper earthing
system and lighting arrestors substantially reduce incidents like damage of appliance due to
thunder storms. House wiring and proper installation of fuse or power cutting device is another
safety issue identified in the micro-hydro serving communities. In some visited projects,
technical staff regularly monitored such installation. In some other projects, users were
encouraged to seek help for any technical assistance. Improved safety and proper functioning
of protection devices contributed to safe, quality and uninterrupted power supply.
As illustrated in Figure 6.5, participatory planning and design was another important attribute
that drives technical performance of the projects. This is one of the important project attributes
scholars have identified in previous studies. Scholars also emphasised a need for the active
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participation of local communities in the planning and designing of such off-grid electrification
projects (Ahmad & Abu Talib, 2016; Lillo, Ferrer-Martí, Boni, et al., 2015; Suberu et al.,
2013). During the planning phase of these projects, local community, particularly in the REDPsupported communities, come together and discussed various aspects of the projects. Among
many other issues, these communities discuss (i) the tentative project location including the
intake, canal alignment and power house, (ii) tentative investments requirement and sources of
funding, and (iii) implementation plan and the allocation of responsibilities. This kind of
interaction among community members helps to identify appropriate project locations and
allocate available resources more efficiently. The local people are the ones who are more
knowledgeable about these issues like period of low or no intermittent flow in the river,
flooding areas, landslides and other design-related information, which is essential, but that
micro-hydro engineers can’t obtain from other sources. Most importantly, such involvement
minimises any potential conflicts in the village with respect to using water resources for
different purposes. While low discharge was identified as one of the design issues in some
micro-hydro projects (Tamir et al., 2015), participation of local communities in the planning
and designing phase would be helpful in obtaining reliable information.
Involvement of local communities in day-to-day plant operation also helps to maintain reliable
power supply. In some visited projects, local communities regularly monitor canal alignment
and distribution networks. As required, these local people cut branches of trees and clear up
the corridor for distribution lines to reduce the risk of short-circuits. They regularly maintain
the intake and canal to ensure a continuous flow of water. The qualitative study found that local
communities provided labour support over several occasions to restore the power. Some
communities shared their experiences of renovating damaged canals (e.g., due to landslide) late
at night. Such type of voluntary support was found higher in those projects where the local
communities were engaged in the planning and designing of such off-grid energy projects.
Institutional sustainability is the fourth predictor of technical suitability. Most of these microhydro projects are owned and managed by local community organisations. The executive
committees of these organisations are responsible for overall operation of the plants. They
recruit a technical staff team for day-to-day operation of such plants. A good management team
develops plant operational guidelines including plant operation hours, standard operation
procedures, and safety compliances. Further, during the qualitative study it was reported that
some of management teams closely coordinate with their technical staff and buy essential
spare-parts. They also organise various awareness campaigns in the villages related to: (i)
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safety measures for electricity uses, (ii) power saving measures (e.g., efficient bulbs), and (iii)
measures for the protection of the canal and distribution network. The management team
encourages the staff team to strictly follow the scheduled maintenance works and also
coordinate with the external service providers for major repair works.
Another aspect of sound institutional performance in regard to technical sustainability involves
project management committees buying essential spare-parts for day-to-day operation of such
micro-hydro projects. Well-experienced operators can fix most of the minor technical issues in
the powerhouse if they have access to spare parts. Successful project managers also regularly
coordinate/communicate with the equipment supplier and installation companies to rectify
issues of concern. All these skills help to maintain an uninterrupted power supply and also
increase the life of equipment, thus reducing maintenance costs.
As another aspects of institutional support, successful project management teams also
introduce smart tariff structure and billing systems. During the qualitative study, four different
types of tariff structures were observed in the studied projects. The energy-based tariff was
found to perform better than any other methods. It helped to generate more sales revenue from
the project than other tariff structures. Most of these projects spend a majority of the sales
revenue on paying staff salaries, maintenance costs, and buying spare-parts. The higher earning
projects also allocated money for contingency maintenance funds.
Better performing institutions continuously seek to supply uninterrupted power supply in the
villages. The importance of institutional capacity in delivering a reliable electricity supply to
local communities is also discussed in previous studies (Klunne & Michael, 2010; Yadoo &
Cruickshank, 2012). This research found that the institutional capacity (operation /management
capacity) of the organisation involves ensuring technical standards, safety compliance and
maintain a stock of spare parts. Some proactive project managers also coordinate with external
development partners to obtain technical assistance.

6.5 Key Project Attributes Contributing Towards Economic
Sustainability
The PLS-SEM analysis confirmed that three predictor variables: (i) social sustainability, (ii)
productive electricity uses, and (iii) institutional sustainability, are significantly associated with
economic sustainability of the projects.

In the PLS-SEM analysis, four variables (i)

profitability, (ii) growth in domestic energy consumption, (iii) share of electricity sales
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revenues by local businesses, and (iv) plant factor (efficiency) were included as the
measurement indicators for economic sustainability. However, in the PLS-SEM analysis, the
relative importance (i.e. outer weight) and its significance level of the first variable (i.e.
profitability) was not acceptable. As a majority of the sample projects were owned and
managed by not-for-profit organisations, these entities spend most of the savings to improve
the infrastructure (e.g., upgrading canal, replacing wooden poles). This could be one of the
reasons that the contribution of “profitability” was not significant in the formation of the
construct. Nevertheless, the remaining three variables contributed to the formation of economic
sustainability.
As illustrated in Figure 6.7, one exogenous variable (productive use of electricity) and two
endogenous variables (social sustainability and technical sustainability) were found to be the
predictors of economic sustainability. Three measurement indicators of the productive use of
electricity were (i) village with small marketplaces (i.e. easy access to market), (ii) knowledge
about productive use of electricity, and (iii) availability of post-installation support for
establishing local businesses in the community.
There were five other exogenous variables that indirectly (i.e. through mediation) contributed
to economic sustainability. The relative importance of these exogenous and endogenous
variables is presented in Figure 6.8. Among them, social sustainability had the strong effect
size (0.314). The effect size of productive use of electricity and technical sustainability were
low (i.e. 0.039 and 0.028 respectively). Further, all the indirect effects illustrated in the figure
were statistically significant, though of low impact. Plant operation hours (POH), flexibility in
electricity use (FEU) and contextual external factor (CEF) were exogenous variables that
contributed to economic sustainability indirectly.
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Figure 6.7: Indicators of economic sustainability and the predicting variables

CEF
FEU
INS-SUS
KMT
PEU
PIS
POH
SOC-SUS
TEC-SUS

Figure 6.8: Project attributes and their direct and indirect effects on economic sustainability.

[201]

Notes: CEF – Contextual External Factor, FEU – Flexibility in Electricity Use, INS-SUS – Institutional
Sustainability, KMT – Knowledge of Management Team, PEU – Productive Electricity Use, PIS – PostInstallation Support, POH – Plant Operation Hours, SOC-SUS – Social Sustainability, TEC-SUS – Technical
Sustainability.

The PLS-SEM analysis confirmed that social sustainability is the dominant driver of the
economic sustainability of off-grid energy projects. Social sustainability in this research
context refers to the improved availability of electricity for community services in the microhydro serving villages. These services include agro-processing mills, health-posts,
telecommunication towers, computer lab in schools, financial institutions and local businesses.
Agro-processing mills reduce work load and save time of local people. Local businesses and
the energy project itself create new employment opportunities in the communities. Electricity
helps to improve quality of education in local schools, health-posts can provide better health
facilities. Local businesses and new jobs in the village improve income levels. In addition, local
people buy more appliances and spend quality time at home by watching TV, using the internet
or cooking. The improvement in livelihoods of local villagers in the communities ultimately
helps to increase demand for electricity, electricity sales revenue and the plant factor of the
project.
The qualitative study produced similar evidence from some of the micro-hydro communities.
In Girandi MHP, local schools started teaching computer-related subjects after the provision
of the electricity service were established in the village. Mobile network, cable TV and internet
facilities were improved. New local businesses such as poultry farms, bakeries, and furniture
shops were established. Due to better education facilities and employment opportunities, some
people migrated to this village. All these changes eventually helped to increase demand for
electricity, and thus increase the plant factor. Therefore, the success of such off-grid energy
projects is subject to how effectively these services contribute towards improving the wellbeing and livelihood of local people.
Social and economic aspects are considered two key dimensions in most of the previous
sustainability assessments, including the off-grid energy services. Scholars frequently employ
indicators to measure these dimensions and aggregate them to obtain a final sustainability
index. However, the relationships between these two dimensions are under discussed in the
literature. Nevertheless, this research examined more closely the relationship between social
and economic sustainability. Further, the relationship was quantified in term of total effect and
effect size. This is another contribution of this research to the literature.
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The productive use of electricity is a second factors associated with the sustainable economic
operation of isolated energy schemes. The final path model analysis confirmed a strong
relationship between the productive electricity uses and economic sustainability in the microhydro projects. This finding is consistent with previous literature, which identified two key
focus areas for more sustainable outcomes: (i) support for promoting local businesses (i.e.
training, grants), and (ii) linkage of off-grid electricity with local economic activities
(Bhattacharyya & Palit, 2016). They found that off-grid energy projects and rural development
program can produce better economic outcomes when they are well integrated. Similarly,
continuous financial support (e.g., soft credit facilities) would be helpful to manage uneven
cash flow of local businesses.
A typical list of businesses and enterprises in the micro-hydro serving communities was
discussed in Chapter five. From an economic prospective, promotion and operation of end-uses
in the communities is desirable for two reasons: (i) it increases profitability, and (ii) it improves
the plant factor. The domestic electricity demand in the rural areas is typically low and most
families use electricity only in the evening and morning. Without end-uses, most of these plants
have to rely on few hours of load demand in the evening and morning. Some of these projects
remain closed during the day and night time. Typically, off-grid rural electrification can’t
survive for a long time relying solely on domestic sale revenues.
On the other hand, by operating during the daytime local businesses in the villages utilise the
spilled energy of these micro-hydro projects. These rural enterprises improve the plant factor
of the project, and provide additional sources of income and create local employment
opportunities in the village. In addition to this, locally generated electricity replaces existing
diesel generators and thus reduces imports of diesel fuel.
It requires a favourable environment to establish local businesses in the villages. Local market
place such as restaurants, hotels can be a market for many other like businesses like poultry
farms, bakeries. Like in Ghandruk MHP, hotels can be a direct market for micro-hydro
electricity. During the qualitative study, a large number of local businesses were established
and became operational in the projects in villages that had market places. Knowledge about
productive use of electricity and post-installation support are two other factors that help to
create an environment for establishing more enterprises in the villages. These two factors are
discussed in Section 6.7.
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The PLS-SEM analysis also confirmed a positive relationship between technical sustainability
and economic sustainability. Improved technical performance primarily ensures a more
reliable and safe electricity supply to residential customers and local businesses. The qualitative
study revealed that the growth in domestic power demand is slow in such rural communities
and influenced by many factors including a reliable power supply. Similarly, an uninterrupted
and quality power supply (i.e. accepted level of voltage and frequency) was a pre-requisite for
establishing businesses at local level. During the qualitative survey, some diesel-powered
agro-processing mills were still operational in two project locations. Some of these owners
argued that they need to run the mills every day, otherwise they may lose their customers.
However, the micro-hydro electricity plant was not that reliable in the village, therefore, they
had no other choice than to continue with the existing diesel generators. It was also found that
local residents bought more electrical appliances such as TV, rice cookers, grinders, and
refrigerators in those project locations where the power supply was more reliable and adequate
(i.e. flexibility in use of appliances).
As discussed earlier, technical performance is another important sustainability dimension of
off-grid energy projects. This research has identified how these endogenous variables interact
with each other in a dependence relationship. The PLS-SEM analysis confirmed that technical
sustainability drives economic sustainability and is also influenced by institutional
sustainability. This is another contribution of this research to the literature.

6.6 Key Project Attributes Contributing Towards Environment
Sustainability
The PLS-SEM analysis confirmed that social sustainability is directly associated with
environmental sustainability of the projects. As illustrated in Figure 6.9, in the PLS-SEM path
model analysis, two variables (i) use of micro-hydro electricity for agro-processing, and (ii)
use of micro-hydro electricity for local business and enterprises were included as the
measurement indicators for environmental sustainability.
Apart from social sustainability, there were some four exogenous variables that were associated
with to environmental sustainability indirectly (i.e. through mediating effects). The total effects
(i.e. direct and indirect) of these project attributes are presented in Figure 6.10. Social
sustainability, being the single direct predictor, had the largest effect (0.49) followed by other
indirect effects such as plant operation hours and flexibility in use of appliances.
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Figure 6.9: Indicators of environmental sustainability and the predicting variables

This section explains how social sustainability influences environmental suitability in the offgrid micro-hydro projects. As already discussed, the electricity consumption is related to social
sustainability. Well-being and improved livelihoods of local people leads towards higher
electricity consumption. Micro-hydro, as the source of electricity in these villages, is a cleaner
and renewable-based energy technology. Typically, after the commencement of micro-hydro
schemes, local diesel-powered agro-processing mills, as well as new local businesses, often
switch to local electricity. Therefore, such micro-hydro projects can replace a significant
amount of fossil fuels (e.g., diesel, kerosene) that would be burnt in those villages if such plant
were not constructed. Under this principles, Nepal’s micro-hydro projects have been registered
for the clean development mechanism (CDM). To track the emission reduction by such microhydro projects, they simply monitor the amount of energy consumed49 in each electrified
village. The more the electricity is consumed in the village, the higher is the calculated quantity
of CO2 emission reduction. In this research context, however, rather than monitoring the
energy50, two proxy indicators were used to compare emissions related performance. These
two indicators (see Figure 6.9) primarily captured the percentage of total energy consumed
(except for heating and cooking) in the village supplied by the micro-hydro project. When the
growing demand for electricity is met by locally generated electricity, it contributes to
atmospheric emission reduction. Long hours of plant operation and flexible use of appliances
further encourage local people to consume more electricity in the villages. Therefore,

49

Consumption of 1 kWh energy from local micro-hydro electricity is equivalent to 0.8 Kg of CO2 emission
reduction. Source : https://cdm.unfccc.int/PRCContainer/DB/prcp425421616/view
50
Due to different size of projects, the energy related indicators was not appropriate.
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successful micro-hydro projects can replace fossil fuels from the villages and help to preserve
the environment.

CEF
FUE
KMT
POH
SOC-SUS

Figure 6.10: Predicting variables of environmental sustainability of off-grid hydro projects.
Notes: CEF – Contextual External Factor, FEU – Flexibility in Electricity Use, KMT – Knowledge of
Management Team, POH – Plant Operation Hours, SOC-SUS – Social Sustainability.

6.7 Cross-Cutting Project Attributes
Post-installation support and knowledge of the management team are the two out of 10
predictor attributes that are associated with more than one endogenous variable. Post
installation support and knowledge of the management team are positively associated with
technical and social sustainability respectively. Similarly, post-installation support for
productive use of electricity and knowledge of the management team on productive use of
electricity were two key measurement indicators of another latent construct – Productive use
of electricity (PUE). Therefore, these two project attributes and their associations with three
endogenous variables are discussed in next sub-sections.
Post-installation support in Nepal’s micro-hydro projects is often inadequate, which was
discussed in Chapter Four. The quantitative analysis confirmed the association of postinstallation support with two sustainability dimensions of the projects. Firstly, post-installation
support (PIS) is positively related to the technical sustainability of these projects. With PIS, the
project management teams can provide training for their operators and managers, prepare plant
operational procedures and technical guidelines, and coordinate with the installation companies
for reliable after-sales services. The AEPC regularly organises training programs for the staff
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of subsidy-supported schemes as local communities could not afford such tailored-made
training without external support. However, this is a one-time support scheme. In some
projects, where the trained operator had left the project, the management could not train a new
operator and this compromised the technical performance.
Secondly, AEPC also provides grants and training programs for promotion and establishment
of end-uses in villages. However, these one-time supports are provided in limited quantities.
Therefore, not all projects are able to benefit from this training. During the qualitative study, it
was found that management team of some of these projects were unware of those kinds of
support.
In the ACAP-supported communities, the local NGOs continue their support and help local
communities to integrate micro-hydroelectricity with local economic activities. This included
identification of business opportunities, preparation of business proposals, facilitating support
from funding agencies, and assisting with linkages with service providers. These local NGOs
also provided technical support for day-to-day operation of the plants. It was found that some
of these micro-hydro plants in the ACAP-supported communities have run successfully for
more than 20 years without any difficulties. These were among the most successful projects
visited during the qualitative study.
The importance of post-installation support is also discussed in the current literature. Scholars
have stressed the importance of such post-installation support to strengthen capacity of local
organisations for daily plant operation, smart tariff and effective billing, and productive use of
electricity (Bhattacharyya & Palit, 2016; Yadoo & Cruickshank, 2012). Similarly, this research
also identified and confirmed some of the relationships between the post-installation support
and sustainable performance identified in previous research, including that post-installation
support significantly helps to improve technical sustainability, and that post-installation
support is one of the key factors for promoting local businesses and small enterprises in rural
areas.
Knowledge of the management team is another important project attribute for all stages of
project execution. A management team with adequate technical and business knowledge about
the micro-hydro projects can develop their projects as a social enterprise so that it can (i) earn
sufficient sales revenues, (ii) provide an adequate and reliable electricity service, and (iii)
support the well-being of local people. Further, these projects can leverage experience and
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knowledge of their management teams in three major areas (i) supply capacity, (ii) project
financing, and (iii) promotion of end-uses.
It was learnt from the qualitative study that knowledgeable managers optimally choose the
project size (kW) considering the immediate load demand of their villages. These managers
also prefer to run the plant most of the hours every day to encourage local residents to use more
electrical appliances in their homes and establish local businesses in the village. To meet the
initial load growth in the village, these project managers often introduce demand-side
management activities in their communities. Once the electricity market in the village is more
developed and the local power demand exceeds the supply capacity, they build another project
or otherwise expand the existing capacity to meet the growing demand.
Some of these managers carry out a cost-benefit analysis before the investment decisions.
These knowledgeable project managers estimate initial power demand in the village and
forecast the load growth in the following years. Some of the project managers made those
investment decisions based on their estimated sales revenue across different years of operation.
These knowledgeable managers also are likely to implement a smart-tariff structure. The smart
tariff helps local communities to consume wisely and also ensures growth in electricity sales
revenue.
This kind of local knowledge supports promoting small enterprises in the communities.
Knowing the fact that every new enterprise in the village is an additional income source for the
project, these managers help local communities in identifying local business opportunities.
They also encourage interested entrepreneurs by means of providing credit facilities,
collaborating with other NGOs and research institutions. On top of that, they encourage local
businesses to operate during the off-peak hours by offering a special electricity rate during
these off-peak hours.
Lack of local capacity in managing off-grid energy projects is often discussed in the literature
(Engelken et al., 2016; Lillo, Ferrer-Martí, Boni, et al., 2015; Nepal, 2012). However, scholars
have focused on day-to-day management issues like unskilled technicians or a need for
participation of local people in decision making process. The importance of the knowledge
level of local community and its relationships with various dimensions of project sustainability
were under explained in the literature. Therefore, this is another contribution to the literature.
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6.8 Conclusion
This chapter interpreted the key findings of the PLS-SEM analysis. Several project attributes
that were strongly associated with various dimensions of project sustainability were discussed.
Some explanatory variables such as long hours of plant operation, flexible use of appliances,
financial management practice and post-installation support were found to be critical drivers
of sustainable performance of off-grid hydro projects. Similarly, relationships and interactions
between various dimensions of sustainability were also discussed. The key contributions of
these research findings to the literature as well as implications for managing micro-hydro
projects in Nepal are further elaborated in the next chapter.
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Chapter Seven

7 Conclusions
7.1 Introduction
The characteristics of sustainable off-grid energy projects, as well as the role of project
attributes and external factors in achieving sustainability, are not well understood in the current
scholarly literature. Therefore, the research reported in this thesis aimed to analyse such energy
services and review various aspects of their operation. Understanding the factors that affect the
sustainable operation of RE-systems and their importance was the expected contribution of this
research.
As shown in Section 1.4, the five specific objectives were:
1. To identify key relevant project attributes and management characteristics.
2. To obtain data (project attributes and performance measurement) from a sample of
projects.
3. To evaluate relationships between the project attributes and the performance of the
sample projects.
4. To develop a theoretical model for sustainable operation of mini-grid electrification
systems.
5. To form conclusions about the critical aspects of these mini-grid projects that result
in their sustainability.
As outlined in the reminder of this section, the thesis research addressed these objectives.
It was essential to understand the importance of particular project attributes or, more likely,
how a combination of these attributes fit together and why bundles of local management
practices lead to sustainability. Therefore, various qualitative and quantitative methods were
used in two research phases to obtain evidence and data and to evaluate these relationships. In
the first phase of research, various project attributes and sustainability indicators were
identified. A qualitative study (e.g., focus group discussions, semi-structured interviews) was
conducted on several micro-hydro projects in Nepal to understand various operational issues.
By employing thematic analysis, the qualitative data were further analysed to identify key
project attributes. Similarly, the 13 most relevant sustainability indicators were selected from
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the current literature. This information was used later to develop the final survey questionnaire.
The quantitative survey was conducted on 175 micro-hydro projects to obtain the project
attributes and indicator measurements. PLS-SEM analysis was employed to evaluate the
hypothesised relationships between the project attributes and various dimensions of
sustainability. The path model analysis confirmed (i.e. p-values <0.05) various hypothesised
relationships and estimated the R2 values for each endogenous variable. The path coefficients,
total effects (i.e. direct and indirect) and effect sizes (f2) were interpreted to evaluate the relative
importance of these predictive variables (attributes) in explaining the total variance of
endogenous variables (sustainability dimensions). Altogether 10 project attributes were found
to be significantly associated with the five dimensions of sustainability. These project attributes
and their exogenous variables are illustrated in Table 7.1. Hence, this research was successful
in addressing the key research question “Is it possible to discover a theoretical framework of
project attributes that contribute to the sustainable performance of renewable energy-based
mini-grid projects (micro-hydro) in Nepal?”
Each project attribute or a group of attributes was related to a specific dimension of
sustainability. Four project attributes (flexibility in electricity use, plant operation hours,
contextual external factors and knowledge of management team) were found associated with
social sustainability. Similarly, three attributes (participatory planning and design, operation
practices and post-installation support) were related to technical sustainability. Financial
management practice and performance of management team members were the predictors of
institutional sustainability. Productive use of electricity was associated with economic
sustainability.
The PLS-SEM analysis also demonstrated dependence relationships among the sustainability
dimensions. Institutional sustainability was associated with technical sustainability. Further,
technical and social sustainability were related to economic sustainability. Finally, a positive
relationship between social sustainability and environmental sustainability was also confirmed.
The path coefficients, total effects (i.e. direct and indirect) and effect sizes were evaluated to
interpret the relative importance of these project attributes. Flexibility in electricity use (i.e. use
of electrical appliances at households without any restrictions) and plant operation hours (i.e.
longer hours of electricity supply) were the strongest predictors of social sustainability. Further,
post-installation support and financial management practice were the two project
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characteristics closely associated with in achieving technical and institutional sustainability,
respectively.

Table 7.1: Criteria for sustainable operation of off-grid electrification services

Attributes
1. Flexibility in electricity use

Indicators
 Level of electricity access to residential
customers.

2. Plant operation hours



Total hours of plant operation in 24 hours.

3. Knowledge of management
team
4. Contextual external factors



Knowledge on local power demand and supply.




Credit facilities.
Contact with the supporting organisations.

5. Productive electricity uses



The beneficiary village is with small
marketplaces.
Knowledge on productive uses of electricity.
Post-installation support for establishing local
businesses and enterprises.



6. Participatory planning and
design




Local community organised several meetings
in the village to discuss and plan this project.
Local community helped the engineers in
conducting the feasibility study.

7. Post-installation support




Operation and management of the power plant.
Training and other capacity-building programs.

8. Operation practices





Use of standard operation guidelines in the
day-to-day operation of the project.
Maintenance of technical log book in the
powerhouse.
Full compliance with safety standards.

9. Performance of
management team





An uninterrupted power supply in the village.
Team-work and coordination.
Proper documentation.

10. Financial management
practices





Use of financial management systems.
Dedicated staff for collecting payments.
Books keeping and monthly statements



7.2 Key Findings-Contribution to Literature
This research identified 11 key findings that contribute to the literature. Further, all these
research findings are also related to the main research question originally presented in Chapter
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one. This section provides the connection between the existing literature and the results of this
research.

Key finding one: Flexibility in use of electricity in the villages can improve social
sustainability of off-grid hydro projects.

This research showed that availability of electric power for using all types of appliances at
household level helps to transition towards wellbeing and improved livelihood of rural people.
The flexibility in using electricity in the village is subject to the plant capacity. Sizing of offgrid energy projects (e.g. installed capacity) and load optimisation (forecast of load demand)
issues are discussed in the literature. Peters et al. (2018) pointed out that high demand
projections at the planning phase and low electricity consumption during the operation created
a financial challenge. Hafez et al. (2016) stressed for optimal installed capacity to be considered
while designing such off-grid projects. Müller et al. (2018) claimed that Nepal’s micro-hydro
communities are suffering from limited power availability in their villages. This research
findings suggest that project sizing and local demand for electricity are dynamic elements.
Therefore, for more sustainable outcomes, plant capacity should be designed and upgraded
progressively to meet the local power demand without compromising financial health of the
project.

Key finding two: Long hours of plant operation help to grow power demand for residential
users and provide improved electricity service in community organisations.

As with previous research, off-grid energy systems enable a number of economic activities and
a range of basic services at a local level. A reliable electricity service helps to strengthen the
creation and upgrading of value chains, diversify local economic structure and livelihoods,
reinforce resilience in rural settings, and enhance commercial viability of the infrastructure
(Lahimer et al., 2013; Legros et al., 2011; Urmee et al., 2009). These off-grid generators can
power local mills for agro-processing, x-ray machines at local health posts, and computer labs
in local schools. However, some off-grid projects were found operating certain hours of day to
minimise the staff costs and save the plant’s life. Only longer hours of plant operation can
perform these services more effectively. Therefore, such off-grid energy services should be
operated most of the hours of day to achieve more sustainable outcomes.
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Key finding three: Knowledge of management teams contributes towards social
sustainability and productive use of electricity

This research findings suggest that knowledge of local management teams influences social
sustainability and productive use of electricity in the villages. Lack of local capacity in
managing off-grid energy projects is often discussed in the literature (Engelken et al., 2016;
Lillo, Ferrer-Martí, Boni, et al., 2015; Nepal, 2012). Scholars focused on day-to-day
management issues like staff training or awareness about mini-grid projects. This research
findings confirms relationships between some specific knowledge level of management teams
and various dimensions of project sustainability. The research findings suggest that adequate
knowledge about local power supply and electricity demand patterns contributes to social
sustainability. Similarly, knowledge of the local management team about productive use of
electricity facilities establishing more businesses in the village.

Key finding four: External factors such as access to credit and continuous linkage with
supporting agencies can improve social sustainability of off-grid projects

Access to credit is considered one of the enabling factors in promoting and sustaining off-grid
energy projects in rural areas. Credit financing is recognised as one of the key drivers for uptake
of decentralised energy technologies in rural communities (Glemarec, 2012). Bhattacharyya
and Palit (2016) claimed that a flexible and locally available financial support mechanism
would be effective for local businesses to manage their cash-flow rather than receiving a onetime capital subsidy. This research finding confirmed that local credit facilities can help to
establish more businesses, and thus create new job opportunities in the villages. Further, this
research finding suggests that linkage of project management teams with the supporting agency
and other development partners can also help to improve social sustainability of off-grid energy
projects. Such relationships between the linkages and performance of such off-grid energy
projects are under discussed in the literature.

Key finding five: Effective financial management can lead off-grid projects towards
institutional sustainability.
This research findings confirm that financial management practices are associated with
improved institutional sustainability. Low paying capacity, lack of affordability and high
proportion of payment defaults have previously been identified as influencing the performance
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of off-grid energy projects. Lahimer et al. (2013) found that low paying capacity of local people
and lack of affordability for maintenance of energy systems are key financial challenges in the
off-grid energy projects. Peters et al. (2019) claimed that high payment default is another
critical issue in such community-managed mini-grid projects. The current project found that
overall financial management practices including financial management system, dedicated
staff for meter reading and payment collection and regular financial statement and internal
audit of finance are important for institutional development of off-grid energy projects.

Key finding six: Performance of the management team can drive institutional sustainability
in off-grid energy projects.

This research findings suggest that characteristics and performance of the project management
teams are associated with institutional sustainability of off-grid hydro projects. This is
consistent with the existing literature where untrained staff, low capacity of management team,
lack of local participation, staff turnover and ownership types were identified as the drivers of
institutional performance of off-grid energy plants (Bhattacharyya & Palit, 2016; Lillo, FerrerMartí, Boni, et al., 2015; Yadoo et al., 2011). This research evaluated relationships between
characteristics of the management teams and institutional performance of off-grid hydro
projects. The results confirmed that a high priority of management teams for uninterrupted
power supply, team working and coordination with technical staff team and proper
documentation of activities are the key management attributes that drive institutional
sustainability of off-grid hydro projects.

Key fining seven: Participatory planning and design helps to improve technical
sustainability of off-grid hydro projects.
This research findings confirmed that engagement of local people in the project planning and
design phase is associated with technical sustainability of off-grid energy projects. This is also
consistent with the existing literature. Suberu et al. (2013) suggested engaging local
communities in the decision making process of local energy projects, particularly in the
prioritisation of local energy resources and preparation of strategies for meeting their energy
demand. Ahmed et al. (2016) studied engagement of communities in local development
projects and claimed that a sense of community was found to be positively correlated with both
the community empowerment and project sustainability. Urmee et al. (2016) claimed that such
engagement helps to better understand social, cultural and political conditions. This thesis
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findings suggest that a participatory project planning and design process enhances technical
performance of off-grid hydro projects. More specifically, local communities can provide
reliable hydrological data and other information (e.g. flood and landslides prone areas) that
helps to design more accurate power output. Further, active participation of local people in the
maintenance of canal and distribution lines is another important contribution towards technical
sustainability.

Key finding eight: Daily plant operation practices affects technical sustainability of off-grid
hydro projects.

This research findings confirmed that daily plant operation practices influence technical
sustainability of off-grid hydro projects. Previous studies have identified a number of broader
technical factors such as unskilled staff, lack of after-sales service, remoteness, and low quality
equipment that influence technical performance of off-grid energy systems. Klunne and
Michael (2010) found that plant operation and maintenance is a key barrier. Lahimer et al.
(2013) identified that remoteness and unskilled technicians are the important technical
challenges for sustainable operation of off-grid energy projects. Tamir et al. (2013) found that
quality of equipment is another influencing factor of technical performance of off-grid energy
projects. This research analysed operation and maintenance practices of such off-grid hydro
projects. The research findings confirmed three important operational practices namely (i) use
of standard operational guidelines, (ii) maintaining a technical log book, and (iii) compliance
with safety requirement, that substantially contribute to effective day-to-day operation of such
off-grid energy systems.
Key finding nine: post-installation support enhances technical sustainability and improves
productive use of electricity.
Importance of post-installation support for sustainable operation of off-grid energy services is
discussed in the literature. Staff training, capacity building of local management teams and a
grant for establishing local businesses were some of the important guidelines provided in the
literature to improve overall performance of off-grid energy projects (Bhattacharyya & Palit,
2016; van Ruijven et al., 2012). This research identified two key areas where the postinstallation support can contribute significantly. Firstly, such support helps local project
managers to prepare standard operational procedures and technical guidelines for daily plant
operation. Secondly, post-installation support facilitates the promotion of end use activities by
providing knowledge, capacity and technology.
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Key-findings ten: Productive use of electricity drives economic sustainability of off-grid
hydro projects.
The research findings confirmed a strong relationship between the productive use of electricity
and economic sustainability in the off-grid hydro projects. This topic is also discussed in the
literature, which identified two key focus areas for more sustainable outcomes (i) support for
promoting local businesses (i.e. training, grants), and (ii) linkage of off-grid electricity with
local economic activities (Bhattacharyya & Palit, 2016). This research identified three key
project attributes namely knowledge about productive use of electricity, availability of postinstallation support and easy access to a market (i.e. local market place) that contribute towards
establishing more businesses in the villages.

Key finding eleven: Various dimensions of sustainability interact each other and produce a
synergetic effect for overall sustainability of off-grid hydro projects.

The finding confirmed that various sustainability dimensions of off-grid hydro projects interact
in dependence relationships and produce a synergetic contribution towards achieving overall
sustainable outcomes in off-grid hydro projects. In both ex-ante and ex-post sustainability
assessment of off-grid energy projects, scholars extensively use five sustainability dimensions.
Typically, to estimate each sustainability dimension or obtain an overall sustainability index,
they employ various measurement indicators and aggregate them. Bhandari et al. (2018)
developed a sustainability assessment model using 54 indicators to score four different
dimensions of sustainability. Mainali et al. (2014) employed 13 sustainability indicators in their
principle component analysis to compare the energy sustainability index (ESI) of six countries
(Bangladesh, China, Ghana, India, South Africa and Sri-Lanka,). Ilskog & Kjellström (2008)
employed 31 sustainability indicators to evaluate performance of rural electrification programs
managed by seven different organisations.

The current research also employed five

sustainability dimensions and 13 measurement indicators. The research findings (i.e. PLS-SEM
analysis results) exhibit interaction between the sustainability dimensions. For example, social
and technical sustainability directly affect economic sustainability. Similarly, institutional
sustainability influences technical sustainability. Further, social sustainability also drives
environmental sustainability. Further, the analysis also quantified these relationships. It
suggests that social sustainability strongly influences economic sustainability of off-grid
energy projects.
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7.3 Management and Design Implications
As well as contributing to the academic literature, the research results have important practical
implications for the operation of micro-hydro projects in Nepal. This research identified key
characteristics of successful and sustainable off-grid micro-hydro projects, as well as the
relative importance of these attributes in explaining the total variance of a specific dimension
of sustainability. The statistical results shows that four project attributes, namely (i) flexibility
in electricity use, (ii) plant operation hours, (iii) post-installation support, and (iv) financial
management practices are critically important project characteristics for sustainable
performance of off-grid electrification projects. Practical implications of these four attributes
are explained in the following sub-sections.

7.3.1 Flexibility in use of appliances (optimal project design)
Plant capacity and daily operation hours of the micro-hydro projects vary from one community
to another. The installed capacity is determined by a number of factors including (i) technical
potential (e.g., available head and water flow), (ii) subsidy policy (e.g., amount per family to
be electrified) and knowledge of local communities (e.g., plant factor, commercial operation
of plant).
Significant growth in small businesses, domestic electricity consumption and electricity sales
revenue were evident in those projects where consideration had been given to optimally
selecting a project size prior to construction. It was learnt from the study that the small-size
projects (HH/kW) were generally established to support lighting and charging mobile phones.
However, this not only limits the domestic power growth, it might eventually attract the users
to shift to being customers of a larger neighbouring project. Over-sizing of projects, on the
other hand, cannot guarantee sufficient sales revenue at the beginning and that could lead
towards a financial crisis. During this study, there were several such projects that could hardly
sell 50% of their total capacity, and had large loans that were challenging to repay. Some
successful projects had a medium-size project at the beginning of project design. Once the
demand (market) was fully developed in these villages, these communities installed additional
plant capacity to meet the growing power demand. They were the best performers among the
visited projects.
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Off-grid rural electrification projects should be planned and designed in such a way that they
can supply present power demand and be able to meet future load growth. Necessary
amendments should be made in existing design guidelines and subsidy policies. Project
designers should obtain estimates of such demand trends from the neighbouring operational
projects in designing new projects. These projects can be developed in multiple phases. The
second project can be installed once the market is developed and the first project is fully
occupied. As suggested by Dornan (2014), part of the subsidy should be provided based on
their performance (e.g. plant factor, level of flexibility) rather than installed capacity. It is also
imperative that local project developers be educated about the importance of providing
adequate power to their community.

7.3.2 Plant operation hours
Uninterrupted power supply in the village is another key project attribute identified by this
research. Some micro-hydro plants are closed during the day and part of the night time. Some
managers believe that local communities would not use electricity during the day time.
However, this does not appear to be a valid assumption. The growth in the domestic load was
evident in projects with long hours (including day time) of plant operation. Uninterrupted
power supply encourages local people to use more appliances and also in establishing more
income-generating activities.
The power demand of domestic customers in all the micro-hydro projects was reported to
increase slowly over time. Therefore, the project managers should provide electricity service
during the day time and encourage them to use the available power wisely. Initially, such
extended operation would result in additional costs. However, longer hours of plant operation
eventually increase the domestic power consumption during the day time and thus improve the
plant factor.

7.3.3 Post-installation support
Post-installation support plays a crucial role in the day-to-day operation of such off-grid
electrification projects. As soon as the projects are commissioned, the implementing agencies
(e,g., government or donor organisations) tend to move to other new locations and focus on
establishing new systems. From an equity perspective, this is a well-justifiable approach.
However, the newly electrified communities also need support to properly operate their energy
projects. The success of some of the micro-hydro projects visited during the qualitative study
was found to be attributed to the continuous support of implementing agencies and the pro[219]

activeness of local people. Experience from these projects indicated that the supporting
agencies helped local project management teams in finding technicians for repair work,
maintaining technical look books, and preparing guidelines for daily plant operation. Further,
these local NGOs also facilitated in promoting end-uses of electricity, transfer of technologies
and liaising with other external agencies. The final quantitative analysis results show that postinstallation support and technical performance of off-grid electrification projects are highly
associated.
Compared to the initial investment (i.e. subsidy and other costs), post-installation support can
be inexpensive and for a relatively short period of time. The effectiveness of this support
depends on many internal and external factors including the demography, pro-activeness of
local communities, and the role of supporting organisations. The post-installation support
needs to be incorporated as a component of the project development package. Further, the
scope of such post-installation support should be expanded to address the local need of: (i)
guidelines/procedures for daily plant operation, (ii) identification of local business
opportunities, (iii) linkage with service providers and other agencies, and (iv) knowledge
transfer and capacity building.

7.3.4 Financial management
A majority of these off-grid electrification projects are owned by local communities. These
communities and implementing agencies focus on building a powerhouse, installing equipment
and supplying power to the village. Adequate office space, trained and dedicated staff for
billing and collecting payments and proper bookkeeping are generally less prioritised and can
be overlooked issues during the project development phase. As a consequence of this, many of
these project managers are not adequately equipped for managing such technical projects
straight after the commissioning.
The qualitative study observed various financial management systems being practised across
the visited micro-hydro projects. Some projects regularly maintained financial systems and
have recruited staff to carry out this task. It was also revealed that, in a few projects, such
financial disciplines were not adequately maintained. There were some instances, where the
committee members engaged in the daily financial matters including the tariff collection.
Different billing practices and payment methods were also found in the micro-hydro projects.
In some projects, customers were able to pay the bills to the meter readers during the meter
reading time while others have to go to the office counters. The billing process was much
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simpler in projects where the tariff was flat (i.e. calculated based on a fixed load). In some
projects without a payment counter, the management committees in consultation with local
people fixed the dates and venues for the payments.
The statistical evidence strongly supports the association between the financial management
practices and institutional sustainability of micro-hydro projects. More specifically, use of a
financial management system, dedicated staff for billing and collecting payments and regular
book-keeping are some of the key indicators of good financial management practice. It was
also observed that projects receiving more post-installation support are performing better in
these financial aspects.
Local communities can introduce various financial practices in their operational projects. These
practices include the establishment of office counters for bill payments, designated staff for
billing and collecting payments, computerised billing and book keeping. Some financial
incentives can be helpful to motivate project managers to conduct regular financial audits.
Further, financial management should be a component of the proposed post-installation
support.

7.4 Limitations of the Research
While appropriate techniques were employed to analyse data and interpret the results, there
were some limitations at various stages of this research. These limitations are presented in the
next sub-sections.

7.4.1 Technical context in the survey questionnaire
The quantitative survey was conducted with the help of enumerators. The researcher recruited
them and provided necessary training before the commencement of the survey. The researcher
together with the field enumerators conducted a pre-test of the survey questionnaire in a few
survey locations. The questionnaire was translated into the local language (Nepali). To explain
technical terminologies and phrases, additional explanations/descriptions were also included
in the questionnaire. During the fieldwork, the researcher was in regular contact (e.g., mobile
phone, Facebook messenger and Viber) with the surveyors. Some issues that occurred during
the field survey were resolved immediately. However, there were some technical questions like
plant factor and load growth, which were hard for the respondents to understand. Further, some
of the visited projects had not installed energy meters or they were not functional during the
survey. On such occasions, the enumerators had to estimate daily load profiles and calculate
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the plant factors. Consequently, there is the possibility of inconsistencies with this technical
information.

7.4.2 Expectation of local respondents
Most of the studied projects were supported by the Nepalese government and the external
development partners (i.e. donors). Generally, local communities expect some help when
someone from outside comes to their village and asks about their problems. During the
participant selection, the researcher told every participant that they would not get any direct or
indirect benefits from this research. During the data collection (i.e. face-to-face interviews),
the enumerators stated the same message and informed the participants that the survey was a
part of a PhD thesis. Nevertheless, there could be a possibility that some project managers
exaggerated their financial hardship during the interviews. In other instances, the project
managers were hesitant in providing information about project income and savings. However,
it is unlikely that this adversely impacted on this research as it was anticipated at the time of
the questionnaire design phase and the questions were adjusted to overcome this circumstances.

7.4.3 Managers without formal education
The participants of the quantitative survey reported in this thesis were the project managers.
Some of these managers were community leaders who did not have academic qualifications or
formal training. In the majority of questions, they had to read statements and provide their
opinion on a Likert scale. Due to the differences in education among the respondents, there
could be an inconsistencies in the completion of the survey questionnaire. To minimise such
inconsistencies, a face-to-face survey method was chosen. The enumerators visited every
project location, and held a meeting with the respondents and assisted them to complete the
survey questionnaire.

7.4.4 Bias of enumerators
Six field enumerators were used in the survey. The researcher organised an orientation session
for the enumerators, and field testing of the survey questionnaire was conducted with them.
The researcher also monitored the performance of each enumerator. Nevertheless, there might
still be some differences between enumerators in completing the survey questionnaire,
particularly, on plant factor calculation, load forecasting and few other technical issues as noted
in Section 7.3.1.
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7.4.5 Logistical issues
The data were obtained from a sample of 175 projects. The sample size was calculated using
Cochran’s formula and also tested for PLS-SEM analysis. Due to time constraints and other
logistical reasons, a larger sample was not feasible. Furthermore, due to budget constraints,
samples were selected from limited clusters to minimise travel and transportation costs.
Similarly, the enumerators recruited for this survey were from a non-technical background. A
larger samples would provide better accuracy. Engineers might also have collected the
technical information more precisely.

7.5 Recommendations
Sustainability of RE-based off-grid energy services is an emerging issue. Many developing
countries and international development agencies are promoting these technologies as a means
of achieving universal access to modern energy. This study has identified attributes of such
off-grid projects that influence performance. Some of these attributes are policy-related issues
and others are daily operation and management subjects. Optimal sizing of projects and postinstallation support are among the key project attributes which can be addressed through
amendments in the policy documents. Plant operation hours and financial management
practices are operational issues. Individual project management can increase plant operation
hours and introduce a financial management system immediately. Further, the research findings
contribute to the current literature. Researchers can improve the PLS-SEM model by
incorporating new data and/or adding more latent variables. Therefore, three major
recommendations are made. They are related to (i) government policy, (ii) managerial practice,
and (iii) future research needs.

7.5.1 Government policy
As the study was conducted on Nepal’s micro-hydro projects, some of the study findings can
be incorporated in their subsidy policy. To ensure flexible use of electrical appliances at the
household level, the plant capacity should be designed optimally. Knowing that the domestic
load in such rural villages grows slowly over time, under the influence of many factors, multistage project development is a recommended approach. Medium-sized projects (i.e. in terms
of households per kW) at the beginning would be a more preferable option. Once the electricity
market is developed in these villages, local communities can upgrade their existing plants or
install additional plants to meet the growing power demand. The growth of local businesses
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(i.e. SMEs) in such communities is critical and driven by external parameters such as road,
post-installation support and a readily available market. Therefore, these project developers
should take these potential load demands into account while planning such off-grid
electrification projects.

7.5.2 Managerial practice
Post-installation support is another important attribute identified by this research. Some of the
operational issues like plant operation hours, financial management practices, knowledge of
management teams, and daily plant operations can be addressed relatively easily. There are
more than 1,000 operational micro-hydro plants in Nepal alone. It is recommended that the
Nepalese government and the development partners working in this area introduce a support
package that assists with the implementation of these management practices in the micro-hydro
serving communities. Some of these operational and management practices suggested by this
research can be implemented at the project level.

7.5.3 Future research
The Alternative Energy Promotion Centre (AEPC) can conduct another study by employing
this statistical model. To improve the model accuracy, they can refine the questionnaire,
include reflective measurement models as appropriate and educate the respondents. They can
also increase the sample and expand the sample coverage across the country. Hence, the study
results can be instrumental in designing future projects, and in revising existing subsidy policy
and delivery mechanisms. Such results would be particularly helpful in reviewing ongoing
programs/projects. When one phase of a micro-hydro project is completed and a new project
is about to be designed, this type of analysis helps to identify important attributes that ensure
more sustainable outcomes.
Researchers can use this model and results for future studies. They can add more indicators
and also test new hypothesised relationships. This model can also be used for many other RE
technologies. Some of the indicators which were infeasible in this research can be included in
new models. New mediating variables can be identified and included in the model.
The PLS-SEM model can also be used to investigate how findings are moderated by project
size. For example, how they differ for small-scale versus large-scale projects. Similarly, the
same model can be utilised to investigate how source of project funding moderates results; for
example, how the results differ for fully subsidised versus projects with lower than 50%
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subsidy. Further, researchers can obtain data from different countries and use the model to
investigate the generalisability of the results by cross-country comparison.

[225]

8 References
AEPC (2014). A Year in Review: Making renewable energy mainstream supply to rural areas
of Nepal. Alternative Energy Promotion Centre, Kathmandu, Nepal.
Aboelmaged, M. (2018). The drivers of sustainable manufacturing practices in Egyptian
SMEs and their impact on competitive capabilities: A PLS-SEM model. Journal of
Cleaner Production, 175, 207-221. doi:https://doi.org/10.1016/j.jclepro.2017.12.053
Acocella, I. (2012). The focus groups in social research: advantages and disadvantages.
Quality & Quantity, 46(4), 1125-1136. doi:10.1007/s11135-011-9600-4
Aguirre, M., & Ibikunle, G. (2014). Determinants of renewable energy growth: A global
sample analysis. Energy Policy, 69, 374-384.
doi:http://dx.doi.org/10.1016/j.enpol.2014.02.036
Ahmad, M. S., & Abu Talib, N. B. (2016). Analysis of Community Empowerment on
Projects Sustainability: Moderating Role of Sense of Community. Social Indicators
Research, 129(3), 1039-1056. doi:10.1007/s11205-014-0781-9
Ali, F., Rasoolimanesh, S. M., Sarstedt, M., Ringle, C. M., & Ryu, K. (2018). An assessment
of the use of partial least squares structural equation modeling (PLS-SEM) in
hospitality research. International Journal of Contemporary Hospitality Management,
30(1), 514-538. doi:10.1108/IJCHM-10-2016-0568
Alpanda, S., & Peralta-Alva, A. (2010). Oil crisis, energy-saving technological change and
the stock market crash of 1973–74. Review of Economic Dynamics, 13(4), 824-842.
doi:https://doi.org/10.1016/j.red.2010.04.003
Ayres, R. U., Turton, H., & Casten, T. (2007). Energy efficiency, sustainability and economic
growth. Energy, 32(5), 634-648. doi:http://dx.doi.org/10.1016/j.energy.2006.06.005
Ayres, R. U., & Voudouris, V. (2014). The economic growth enigma: Capital, labour and
useful energy? Energy Policy, 64, 16-28.
doi:https://doi.org/10.1016/j.enpol.2013.06.001
Banerjee, S. G., Singh, A., & Samad, H. A. (2011). Power and People : The Benefits of
Renewable Energy in Nepal: The World Bank.
Barlett, J., Kotrlik, J., & Higgins, C. (2001). Organizational research: Determining
appropriate sample size in survey research. Information Technology, Learning, and
Performance Journal, 19(1), 43-50.
Bauen, A. (2006). Future energy sources and systems—Acting on climate change and energy
security. Journal of Power Sources, 157(2), 893-901.
doi:http://dx.doi.org/10.1016/j.jpowsour.2006.03.034
Bazeley, P. (2019). A Practical Introduction to Mixed Methods for Business and
Management (S. Cooke Ed.). London: SAGE Publications Inc.

[226]

Belke, A., Dobnik, F., & Dreger, C. (2011). Energy consumption and economic growth: New
insights into the cointegration relationship. Energy Economics, 33(5), 782-789.
doi:https://doi.org/10.1016/j.eneco.2011.02.005
Belmonte, S., Escalante, K. N., & Franco, J. (2015). Shaping changes through participatory
processes: Local development and renewable energy in rural habitats. Renewable and
Sustainable Energy Reviews, 45, 278-289.
doi:http://dx.doi.org/10.1016/j.rser.2015.01.038
Bergquist, A.-K., & Söderholm, K. (2014). Industry strategies for energy transition in the
wake of the oil crisis. In (Vol. 12, pp. 1-18). Wilmington: Business History
Conference.
Bhandari, R., Saptalena, L. G., & Kusch, W. (2018). Sustainability assessment of a micro
hydropower plant in Nepal. Energy, Sustainability and Society, 8(1), 3.
doi:10.1186/s13705-018-0147-2
Bhattacharyya, S. C. (2012). Energy access programmes and sustainable development: A
critical review and analysis. Energy for Sustainable Development, 16(3), 260-271.
doi:http://dx.doi.org/10.1016/j.esd.2012.05.002
Bhattacharyya, S. C., & Palit, D. (2016). Mini-grid based off-grid electrification to enhance
electricity access in developing countries: What policies may be required? Energy
Policy, 94, 166-178. doi:http://dx.doi.org/10.1016/j.enpol.2016.04.010
Bhattacherjee, A. (2012). Social science research: principles, methods, and practices. Tampa,
Florida: Anol Bhattacherjee.
Bhattarai, D., Somanathan, E., & Nepal, M. (2018). Are renewable energy subsidies in Nepal
reaching the poor? Energy for Sustainable Development, 43, 114-122.
doi:https://doi.org/10.1016/j.esd.2018.01.001
Blodgett, C., Dauenhauer, P., Louie, H., & Kickham, L. (2017). Accuracy of energy-use
surveys in predicting rural mini-grid user consumption. Energy for Sustainable
Development, 41, 88-105. doi:https://doi.org/10.1016/j.esd.2017.08.002
Bradbrook, A. J., & Gardam, J. G. (2006). Placing Access to Energy Services within a
Human Rights Framework. Human Rights Quarterly, 28(2), 389-415.
doi:10.1353/hrq.2006.0015
Blum, N. U., Wakeling, R. S., & Schmidt, T. S. (2013). Rural electrification through village
grids -- Assessing the cost competitiveness of isolated renewable energy technologies
in Indonesia. Renewable and Sustainable Energy Reviews, 22, 482
Bos, K., Chaplin, D., & Mamun, A. (2018). Benefits and challenges of expanding grid
electricity in Africa: A review of rigorous evidence on household impacts in
developing countries. Energy for Sustainable Development, 44, 64-77.
doi:10.1016/j.esd.2018.02.007
Braun, V., & Clarke, V. (2006). Using thematic analysis in psychology. Qualitative Research
in Psychology, 3(2), 77-101. doi:10.1191/1478088706qp063oa
[227]

Brent, A. C., & Rogers, D. E. (2010). Renewable rural electrification: Sustainability
assessment of mini-hybrid off-grid technological systems in the African context.
Renewable Energy, 35(1), 257-265.
doi:http://dx.doi.org/10.1016/j.renene.2009.03.028
Brown, M. A., & Sovacool, B. K. (2007). Developing an 'energy sustainability index' to
evaluate energy policy. Interdisciplinary Science Reviews, 32(4), 335-349.
doi:10.1179/030801807X211793
Bryman, A. (2012). Social research methods (Fourth edition ed.). Oxford: Oxford University
Press.
Carlsen, B., & Glenton, C. (2011). What about N? A methodological study of sample-size
reporting in focus group studies. 11(1). doi:10.1186/1471-2288-11-26
Carrera, D., & Mack, A. (2010). Sustainability assessment of energy technologies via social
indicators: Results of a survey among European energy experts. Energy Policy, 38(2),
1030-1039. doi:http://dx.doi.org/10.1016/j.enpol.2009.10.055
Castleberry, A., & Nolen, A. (2018). Thematic analysis of qualitative research data: Is it as
easy as it sounds? Currents in Pharmacy Teaching and Learning, 10(6), 807-815.
doi:https://doi.org/10.1016/j.cptl.2018.03.019
Cavallaro, F., & Ciraolo, L. (2005). A multicriteria approach to evaluate wind energy plants
on an Italian island. Energy Policy, 33(2), 235-244.
doi:https://doi.org/10.1016/S0301-4215(03)00228-3
Chang, R.-D., Zuo, J., Zhao, Z.-Y., Zillante, G., Gan, X.-L., & Soebarto, V. (2017). Evolving
theories of sustainability and firms: History, future directions and implications for
renewable energy research. Renewable and Sustainable Energy Reviews, 72, 48-56.
doi:http://dx.doi.org/10.1016/j.rser.2017.01.029
Cheung, G. W., & Wang, C. (2017). Current approaches for assessing convergent and
discriminant validity with SEM: Issues and solutions. Academy of Management
proceedings, 2017(1), 12706. doi:10.5465/AMBPP.2017.12706
Chhetri, A. B., Pokharel, G. R., & Islam, M. R. (2009). Sustainability of micro-hydrosystems
— A case study. Energy & environment, 20(4), 567-585.
doi:10.1260/095830509788707356
Chin, W. W. (2010). How to write up and report PLS analyses. In V. Esposito Vinzi, W. W.
Chin, J. Henseler, & H. Wang (Eds.), Handbook of Partial Least Squares: Concepts,
methods and applications (pp. 655-690). Berlin, Heidelberg: Springer Berlin
Heidelberg.
Chmiel, Z., & Bhattacharyya, S. C. (2015). Analysis of off-grid electricity system at Isle of
Eigg (Scotland): Lessons for developing countries. Renewable Energy, 81, 578-588.
doi:http://dx.doi.org/10.1016/j.renene.2015.03.061

[228]

Clarke, V., & Braun, V. (2017). Thematic analysis. The Journal of Positive Psychology,
12(3), 297-298. doi:10.1080/17439760.2016.1262613
Collins, D. (2003). Pretesting survey instruments: An overview of cognitive methods. Quality
of Life Research, 12(3), 229-238. doi:10.1023/A:1023254226592
Coltman, T., Devinney, T. M., Midgley, D. F., & Venaik, S. (2008). Formative versus
reflective measurement models: Two applications of formative measurement. Journalof
Business Research, 61(12), 1250-1262. doi:https://doi.org/10.1016/j.jbusres.2008.01.013
Corbett, J., Grube, D. C., Lovell, H., & Scott, R. (2018). Singular memory or institutional
memories? Toward a dynamic approach. Governance, 31(3), 555-573.
doi:10.1111/gove.12340
Côté-Arsenault, D., & Morrison-Beedy, D. (1999). Practical Advice for Planning and
Conducting Focus Groups. Nursing Research, 48(5), 280-283.
Creswell, J. W. (2009). Research design : qualitative, quantitative, and mixed methods
approaches (3rd ed. ed.). Thousand Oaks: SAGE Publications, Inc.
Creswell, J. W. (2010). Mapping the developing landscape of mixed methods research (2
ed.). Thousand Oaks: SAGE Publications, Inc.
Creswell, J. W. (2013). Qualitative inquiry & research design : choosing among five
approaches (Third edition. ed.). Thousand Oaks, California: SAGE Publications, Inc.
Creswell, J. W., & Tashakkori, A. (2007). Editorial: Developing publishable mixed methods
manuscripts. Journal of Mixed Methods Research, 1(2), 107-111.
doi:10.1177/1558689806298644
Curtis, S., Gesler, W., Smith, G., & Washburn, S. (2000). Approaches to sampling and case
selection in qualitative research: examples in the geography of health. Social Science
& Medicine, 50(7), 1001-1014. doi:https://doi.org/10.1016/S0277-9536(99)00350-0
del Río, P., & Burguillo, M. (2008). Assessing the impact of renewable energy deployment
on local sustainability: Towards a theoretical framework. Renewable and Sustainable
Energy Reviews, 12(5), 1325-1344. doi:https://doi.org/10.1016/j.rser.2007.03.004
Denzin, N. K., & Lincoln, Y. S. (1994). Handbook of qualitative research. Thousand Oaks:
SAGE Publications.
Diamantopoulos, A., & Siguaw, J. A. (2006). Formative versus reflective indicators in
organizational measure development: A comparison and empirical illustration. British
Journal of Management, 17(4), 263-282. doi:10.1111/j.1467-8551.2006.00500.x
Dornan, M. (2014). Access to electricity in small island developing states of the Pacific:
Issues and challenges. Renewable and Sustainable Energy Reviews, 31, 726-735.
doi:http://dx.doi.org/10.1016/j.rser.2013.12.037

[229]

Doukas, H. C., Andreas, B. M., & Psarras, J. E. (2007). Multi-criteria decision aid for the
formulation of sustainable technological energy priorities using linguistic variables.
European Journal of Operational Research, 182(2), 844-855.
doi:http://doi.org/10.1016/j.ejor.2006.08.037
Edna, C. F.-G., Juan, J. G.-M., & Diana, C. P.-B. Y. (2018). Modeling the social factors that
determine sustainable consumption behavior in the community of madrid.
Sustainability, 10(8), 2811. doi:10.3390/su10082811
Engelken, M., Römer, B., Drescher, M., Welpe, I. M., & Picot, A. (2016). Comparing
drivers, barriers, and opportunities of business models for renewable energies: A
review. Renewable and Sustainable Energy Reviews, 60, 795-809.
doi:http://dx.doi.org/10.1016/j.rser.2015.12.163
ESMAP. (2019). Mini-grids for half a billion people : Market outlook and handbook for
decision makers. In: World Bank, Washington, DC.
Evans, A., Strezov, V., & Evans, T. J. (2009). Assessment of sustainability indicators for
renewable energy technologies. Renewable and Sustainable Energy Reviews, 13(5),
1082-1088. doi:http://dx.doi.org/10.1016/j.rser.2008.03.008
Feron, S. (2016). Sustainability of off-grid photovoltaic systems for rural electrification in
developing countries: A review. Sustainability, 8(12). doi:10.3390/su8121326
Frazer, L., & Lawley, M. (2000). Questionnaire design & administration : a practical guide.
Brisbane: John Wiley & Sons Australia.
Gabriel, C.-A., Kirkwood, J., Walton, S., & Rose, E. L. (2016). How do developing country
constraints affect renewable energy entrepreneurs? Energy for Sustainable
Development, 35, 52-66. doi:https://doi.org/10.1016/j.esd.2016.09.006
Ghale, B. B., Shrestha, G. R., & Delucia, R. J. (2000). Private micro‐hydro power and
associated investments in Nepal: the Barpak village case and broader issues. Natural
Resources Forum, 24(4), 273-284. doi:10.1111/j.1477-8947.2000.tb00952.x
Ghimire, L. P., & Kim, Y. (2018). An analysis on barriers to renewable energy development
in the context of Nepal using AHP. Renewable Energy, 129, 446-456.
doi:https://doi.org/10.1016/j.renene.2018.06.011
Glemarec, Y. (2012). Financing off-grid sustainable energy access for the poor. Energy
Policy, 47, 87-93. doi:https://doi.org/10.1016/j.enpol.2012.03.032
Greenbaum, T. L. (1998). The handbook for focus group research (2nd ed. ed.). Thousand
Oaks, Califrnia: SAGE Publications Inc.
Guinot, B., Champel, B., Montignac, F., Lemaire, E., Vannucci, D., Sailler, S., & Bultel, Y.
(2015). Techno-economic study of a PV-hydrogen-battery hybrid system for off-grid
power supply: Impact of performances' ageing on optimal system sizing and
competitiveness. International Journal of Hydrogen Energy, 40(1), 623-632.
doi:https://doi.org/10.1016/j.ijhydene.2014.11.007

[230]

Gurung, A., Ghimeray, A., & Hassan, S. H. A. (2012). The prospects of renewable energy
technologies for rural electrification: A review from Nepal. Energy Policy, 40, 374380. doi:https://doi.org/10.1016/j.enpol.2011.10.022
Hadi, M. A., & José Closs, S. (2016). Ensuring rigour and trustworthiness of qualitative
research in clinical pharmacy. International Journal of Clinical Pharmacy, 38(3), 641646. doi:10.1007/s11096-015-0237-6
Hafez, O., & Bhattacharya, K. (2012). Optimal planning and design of a renewable energy
based supply system for microgrids. Renewable Energy, 45, 7-15.
doi:http://dx.doi.org/10.1016/j.renene.2012.01.087
Hair, J. F., Black, W. C., Babin, B. J., & Anderson, R. E. (2014). Multivariate data analysis:
Pearson New International Edition (Vol. Seventh edition). Harlow, Essex: Pearson.
Hair, J. F., Hult, G. T. M., Ringle, C., & Sarstedt, M. (2013). A primer on Partial Least
Squares Structural Equation Modeling (PLS-SEM): SAGE Publications.
Hair, J. F., Ringle, C. M., & Sarstedt, M. (2011). PLS-SEM: Indeed a silver bullet. Journal of
Marketing Theory and Practice, 19(2), 139-152. doi:10.2753/MTP1069-6679190202
Hair, J. F., Sarstedt, M., Pieper, T. M., & Ringle, C. M. (2012). The use of Partial Least
Squares Structural Equation Modeling in strategic management research: A review of
past practices and recommendations for future applications. Long Range Planning,
45(5), 320-340. doi:https://doi.org/10.1016/j.lrp.2012.09.008
Hennink, M. M. (2014). Introducing focus group discussions: Oxford University Press.
Henseler, J., Ringle, C., & Sarstedt, M. (2015). A new criterion for assessing discriminant
validity in variance-based structural equation modeling. Journal of the Academy of
Marketing Science, 43(1), 115-135. doi:10.1007/s11747-014-0403-8
Henseler, J., Ringle, C. M., & Sarstedt, M. (2012). Using Partial Least Squares path modeling
in international advertising research: basic concepts and recent issues. In S. Okazaki
(Ed.), Okazaki, S. (ed.), Handbook of Research in International Advertising (pp. 252 276): London : Edward Elgar.
Hisrich, R. D., & Peters, M. J. (1982). Comparison of perceived hospital affiliation and
selection criteria by primary market segments. Journal of health care marketing, 2(3),
24.
Hong, G. W., & Abe, N. (2012). Sustainability assessment of renewable energy projects for
off-grid rural electrification: The Pangan-an Island case in the Philippines. Renewable
and Sustainable Energy Reviews, 16(1), 54-64.
doi:http://dx.doi.org/10.1016/j.rser.2011.07.136
Hong, G. W., Abe, N., Baclay, M., & Arciaga, L. (2015). Assessing users' performance to
sustain off-grid renewable energy systems: The capacity and willingness approach.
Energy for Sustainable Development, 28(October 2015), 102-114.
doi:10.1016/j.esd.2015.07.004

[231]

Houghton, C., Casey, D., Shaw, D., & Murphy, K. (2013). Rigour in qualitative case-study
research. Nurse Researcher, 20(4), 12. doi:10.7748/nr2013.03.20.4.12.e326
IAEA. (2005). Energy Indicators for Sustainable Development: Guidelines and
Methodoligies. International Atomic Energy Agency, Vienna.
IEA. (2016a). Key Electricity Trends, excerpt from Electricity information Paris:
International Energy Agency.
IEA. (2016b). World energy outlook 2015 Factsheet, global energy trends to 2040.
International Energy Agency,Paris.
IEA. (2017).World energy investment 2017. OEDC, International Energy Ageny, Paris.
Retrived from www.iea.org.
IEA. (2018). World energy outlook 2018 factsheet, supply energy time series. International
Energy Agency,Paris.
IEA. (2019). Electricity information: Overview. International Energy Agency,Paris.

IFC/WB. (2014). Supply side assessment of Nepal small scale energy market-main report, .
The World Bank, Kathmandu,Nepal.
Ilskog, E. (2008a). Indicators for assessment of rural electrification—An approach for the
comparison of apples and pears. Energy Policy, 36(7), 2665-2673.
doi:http://dx.doi.org/10.1016/j.enpol.2008.03.023
Ilskog, E. (2008b). Rural electrification sustainability indicators: Manual for field workers.
KTH, School of Technology and Health, Stockholm.
Ilskog, E., & Kjellström, B. (2008). And then they lived sustainably ever after?—Assessment
of rural electrification cases by means of indicators. Energy Policy, 36.
doi:10.1016/j.enpol.2008.03.022
IRENA. (2018). Off-grid renewable energy solutions: Global and regional status and trends.
The International Renewable Renewable Energy Agency (IRENA),Abu Dhabi.
IRENA. (2019). Off-grif renewable energy solutions to expand electricity access: An
opportunity not to be missed. Internatinal Renewable Energy Agency(IRENA), Abu
Dhabi.
Islar, M., Brogaard, S., & Lemberg-Pedersen, M. (2017). Feasibility of energy justice:
Exploring national and local efforts for energy development in Nepal. Energy Policy,
105, 668-676. doi:https://doi.org/10.1016/j.enpol.2017.03.004
Joffe, H. (2011). Thematic analysis. Qualitative research methods in mental health and
psychotherapy, 1. John Wiley and Sons.

[232]

Johnson, R. B., & Onwuegbuzie, A. J. (2004). Mixed methods research: A research paradigm
whose time has come. Educational Researcher, 33(7), 14-26.
doi:10.3102/0013189X033007014
Johnson, R. B., Onwuegbuzie, A. J., & Turner, L. A. (2007). Toward a definition of mixed
methods research. Journal of Mixed Methods Research, 1(2), 112-133.
doi:10.1177/1558689806298224
Khan, E. A., Dewan, M. N. A., & Chowdhury, M. M. H. (2016). Reflective or formative
measurement model of sustainability factor? A three industry comparison. Corporate
Ownership and Control, 13(2), 83-92. doi:10.22495/cocv13i2p9
Klunne, W. J., & Michael, E. G. (2010). Increasing sustainability of rural community
electricity schemes—case study of small hydropower in Tanzania. International
Journal of Low Carbon Technologies, 5(3), 144-147.
Koch, T., & Harrington, A. (1998). Reconceptualizing rigour: the case for reflexivity. Journal
of Advanced Nursing, 28(4), 882-890. doi:10.1046/j.1365-2648.1998.00725.
Korkovelos, A., Zerriffi, H., & Howells, M. (2020). A retrospective analysis of energy access
with a focus on the role of mini-grids. Sustainability, 12(5), 1793.
doi:10.3390/su12051793
Krueger, R. A. (2009). Focus groups : a practical guide for applied research (4th edition. ed.).
Thousand Oaks, California: Sage.
Lahimer, A. A., Alghoul, M. A., Yousif, F., Razykov, T. M., Amin, N., & Sopian, K. (2013).
Research and development aspects on decentralized electrification options for rural
household. Renewable and Sustainable Energy Reviews, 24, 314-324.
doi:http://dx.doi.org/10.1016/j.rser.2013.03.057
Legros, G., Rijal, K., & Seyedi, B. (2011). Decentralized energy access abd the millenium
development goals: an analysis of the development benifits of micro-hydropower in
rural Nepal. Practical Action publishing Ltd,UK: United Nations Development
Programme.
Lehman, H. (2001). Using grounded theory with technology cases: Distilling critical theory
from a multinational information systems development project. Journal of Global
Information Technology Management, 4(1), 45-60.
Liamputtong, P. (2013). Qualitative research methods (Fourth edition. ed.). South Melbourne,
Victoria: Oxford University Press.
Liao, C.-H., Ou, H.-H., Lo, S.-L., Chiueh, P.-T., & Yu, Y.-H. (2011). A challenging approach
for renewable energy market development. Renewable and Sustainable Energy
Reviews, 15(1), 787-793. doi:http://dx.doi.org/10.1016/j.rser.2010.09.047
Lillo, P., Ferrer-Martí, L., Boni, A., & Fernández-Baldor, Á. (2015). Assessing management
models for off-grid renewable energy electrification projects using the Human

[233]

Development approach: Case study in Peru. Energy for Sustainable Development, 25,
17-26. doi:http://dx.doi.org/10.1016/j.esd.2014.11.003
Lillo, P., Ferrer-Martí, L., Fernández-Baldor, Á., & Ramírez, B. (2015). A new integral
management model and evaluation method to enhance sustainability of renewable
energy projects for energy and sanitation services. Energy for Sustainable
Development, 29, 1-12. doi:http://dx.doi.org/10.1016/j.esd.2015.08.003
Liu, G. (2014). Development of a general sustainability indicator for renewable energy
systems: A review. Renewable and Sustainable Energy Reviews, 31, 611-621.
doi:http://dx.doi.org/10.1016/j.rser.2013.12.038
Liu, G., Baniyounes, A., Rasul, M. G., Amanullah, M., & Khan, M. (2013). General
sustainability indicator of renewable energy system based on grey relational analysis.
Int. J. Energy Res., 37(14), 1928-1936. doi:10.1002/er.3016
Lundin, M., & Morrison, G. M. (2002). A life cycle assessment based procedure for
development of environmental sustainability indicators for urban water systems.
Urban Water, 4(2), 145-152. doi:https://doi.org/10.1016/S1462-0758(02)00015-8
Luthra, S., Kumar, S., Garg, D., & Haleem, A. (2015). Barriers to renewable/sustainable
energy technologies adoption: Indian perspective. Renewable and Sustainable Energy
Reviews, 41, 762-776. doi:http://dx.doi.org/10.1016/j.rser.2014.08.077
Mainali, B. (2014). Sustainability of rural energy access in developing countries (Doctoral
dissertation, KTH Royal Institute of Technology).
Mainali, B., Pachauri, S., Rao, N. D., & Silveira, S. (2014). Assessing rural energy
sustainability in developing countries. Energy for Sustainable Development, 19, 1528. doi:http://dx.doi.org/10.1016/j.esd.2014.01.008
Mainali, B., & Silveira, S. (2012). Renewable energy markets in rural electrification: Country
case Nepal. Energy for Sustainable Development, 16(2), 168-178.
doi:https://doi.org/10.1016/j.esd.2012.03.001
Mainali, B., & Silveira, S. (2015). Using a sustainability index to assess energy technologies
for rural electrification. Renewable and Sustainable Energy Reviews, 41, 1351-1365.
doi:https://doi.org/10.1016/j.rser.2014.09.018
Malhotra, N. K. (2012). Marketing research : an applied approach (4th ed. ed.). Harlow,
England: Pearson Education.
Mandelli, S., Barbieri, J., Mereu, R., & Colombo, E. (2016). Off-grid systems for rural
electrification in developing countries: Definitions, classification and a
comprehensive literature review. Renewable and Sustainable Energy Reviews, 58,
1621-1646. doi:http://doi.org/10.1016/j.rser.2015.12.338
Maskey, R. K., Bhandari, V., Adhikary, B., Dahal, R., & Shrestha, N. (2012, 5-7 Jan. 2012).
Prospects for small hydro power plants based mini-grid power systems in Nepal.

[234]

Paper presented at the 2nd International Conference on the Developments in
Renewable Energy Technology (ICDRET 2012).
Maxim, A. (2014). Sustainability assessment of electricity generation technologies using
weighted multi-criteria decision analysis. Energy Policy, 65, 284-297.
doi:http://dx.doi.org/10.1016/j.enpol.2013.09.059
McKay, A. (2007). Factors influencing recruitment and retention decisions of primary care
physicians in rural practices in British Columbia, Canada: Building grounded theory
via instrimental cases studies., Charles Sturt University, Wagga Wagga Library,
NSW.Australia.
Miles, M. B., & Huberman, A. M. (1994). Qualitative data analysis: An expanded
sourcebook, 2nd ed. Thousand Oaks, CA, US: Sage Publications, Inc.
Mishra, L. (2016). Focus Group Discussion in Qualitative Research. Techno Learn, 6(1), 1-5.
doi:10.5958/2249-5223.2016.00001.2
Mitchell, J. V., & Mitchell, B. (2014). Structural crisis in the oil and gas industry. Energy
Policy, 64, 36-42. doi:https://doi.org/10.1016/j.enpol.2013.07.094
Miyashiro, M. (1996). Maintaining organizational memories. The TQM Magazine, 8(3), 6162. doi:10.1108/09544789610118494
Müller, M. F., Thompson, S. E., & Gadgil, A. J. (2018). Estimating the price (in)elasticity of
off-grid electricity demand. Development Engineering, 3, 12-22.
doi:https://doi.org/10.1016/j.deveng.2017.12.001
Murni, S., Whale, J., Urmee, T., Davis, J. K., & Harries, D. (2013). Learning from
experience: A survey of existing micro-hydropower projects in Ba'Kelalan, Malaysia.
Renewable Energy, 60, 88-97. doi:https://doi.org/10.1016/j.renene.2013.04.009
Musango, J. K., & Brent, A. C. (2011). A conceptual framework for energy technology
sustainability assessment. Energy for Sustainable Development, 15(1), 84-91.
doi:http://dx.doi.org/10.1016/j.esd.2010.10.005
Narula, K., Nagai, Y., & Pachauri, S. (2012). The role of decentralized distributed generation
in achieving universal rural electrification in South Asia by 2030. Energy Policy, 47,
345-357. doi:http://dx.doi.org/10.1016/j.enpol.2012.04.075
Nepal, R. (2012). Roles and potentials of renewable energy in less-developed economies: The
case of Nepal. Renewable and Sustainable Energy Reviews, 16(4), 2200-2206.
doi:https://doi.org/10.1016/j.rser.2012.01.047
Neugebauer, S., Martinez-Blanco, J., Scheumann, R., & Finkbeiner, M. (2015). Enhancing
the practical implementation of life cycle sustainability assessment – proposal of a
Tiered approach. Journal of Cleaner Production, 102, 165-176.
doi:http://dx.doi.org/10.1016/j.jclepro.2015.04.053

[235]

Nitzl, C. (2016). The use of partial least squares structural equation modelling (PLS-SEM) in
management accounting research: Directions for future theory development. Journal
of Accounting Literature, 37, 19-35. doi:10.1016/j.acclit.2016.09.003
Nowell, L. S., Norris, J. M., White, D. E., & Moules, N. J. (2017). Thematic analysis:
Striving to meet the trustworthiness criteria. International Journal of Qualitative
Methods, 16(1). doi:10.1177/1609406917733847
Orum, A. M., & Feagin, J. R. (1991). A case for the case study. Chapel Hill: University of
North Carolina Press.
Ouedraogo, N. S. (2013). Energy consumption and human development: Evidence from a
panel cointegration and error correction model. Energy, 63, 28-41.
doi:http://dx.doi.org/10.1016/j.energy.2013.09.067
Palit, D., & Bandyopadhyay, K. R. (2016). Rural electricity access in South Asia: Is grid
extension the remedy? A critical review. Renewable and Sustainable Energy Reviews,
60, 1505-1515. doi:http://dx.doi.org/10.1016/j.rser.2016.03.034
Palit, D., & Chaurey, A. (2011). Off-grid rural electrification experiences from South Asia:
Status and best practices. Energy for Sustainable Development, 15(3), 266-276.
doi:http://dx.doi.org/10.1016/j.esd.2011.07.004
Peters, J., Sievert, M., & Toman, M. (2018). Rural electrification through mini-grids:
Challenges ahead. IDEAS Working Paper Series from RePEc.
Peters, J., Sievert, M., & Toman, M. A. (2019). Rural electrification through mini-grids:
Challenges ahead. Energy Policy, 132, 27-31.
doi:https://doi.org/10.1016/j.enpol.2019.05.016
Pokharel, G. R., Chhetri, A. B., Khan, M. I., & Islam, M. R. (2008). Decentralized microhydro energy systems in Nepal: En route to sustainable energy development. Energy
Sources, Part B: Economics, Planning, and Policy, 3(2), 144-154.
doi:10.1080/15567240600815083
Rahman, M. M., Paatero, J. V., & Lahdelma, R. (2013). Evaluation of choices for sustainable
rural electrification in developing countries: A multicriteria approach. Energy Policy,
59, 589-599. doi:https://doi.org/10.1016/j.enpol.2013.04.017
Revilla, M. A., Saris, W. E., & Krosnick, J. A. (2014). Choosing the number of categories in
agree–disagree scales. Sociological Methods & Research, 43(1), 73-97.
doi:10.1177/0049124113509605
Ringle, C. M., Sarstedt, M., Mitchell, R., & Gudergan, S. P. (2018). Partial Least Squares
Structural Equation Modeling in HRM research. The International Journal of Human
Resource Management, 1-27. doi:10.1080/09585192.2017.1416655
Riva, F., Tognollo, A., Gardumi, F., & Colombo, E. (2018). Long-term energy planning and
demand forecast in remote areas of developing countries: Classification of case
studies and insights from a modelling perspective.(Report)(Author abstract). Energy
Strategy Reviews, 20, 71. doi:10.1016/j.esr.2018.02.006

[236]

Robinson, O. C. (2014). Sampling in interview-based qualitative research: A theoretical and
practical guide. Qualitative Research in Psychology, 11(1), 25-41.
doi:10.1080/14780887.2013.801543
Rojas-Zerpa, J. C., & Yusta, J. M. (2014). Methodologies, technologies and applications for
electric supply planning in rural remote areas. Energy for Sustainable Development,
20(1), 66-76. doi:10.1016/j.esd.2014.03.003
Rolfe, G. (2006). Validity, trustworthiness and rigour: quality and the idea of qualitative
research. Journal of Advanced Nursing, 53(3), 304-310. doi:10.1111/j.13652648.2006.03727.x
Rosso, M., Bottero, M., Pomarico, S., La Ferlita, S., & Comino, E. (2014). Integrating
multicriteria evaluation and stakeholders analysis for assessing hydropower projects.
Energy Policy, 67, 870-881. doi:http://dx.doi.org/10.1016/j.enpol.2013.12.007
Roy, S., Tarafdar, M., Ragu-Nathan, T. S., & Marsillac, E. (2012). The effect of
misspecification of reflective and formative constructs in operations and
manufacturing management research. Electronic Journal of Business Research
Methods, 10(1), 34-52.
Salvado, M. F., Azevedo, S. G., Matias, J. C. O., & Ferreira, L. M. (2015). Proposal of a
sustainability index for the automotive industry. Sustainability (2071-1050), 7(2),
2113-2144. doi:10.3390/su7022113
Santiago-Brown, I., Jerram, C., Metcalfe, A., & Collins, C. (2015). What does sustainability
mean? Knowledge gleaned from applying mixed methods research to wine grape
growing. Journal of Mixed Methods Research, 9(3), 232-251.
doi:10.1177/1558689814534919
Santoyo-Castelazo, E., & Azapagic, A. (2014). Sustainability assessment of energy systems:
integrating environmental, economic and social aspects. Journal of Cleaner
Production, 80, 119-138. doi:https://doi.org/10.1016/j.jclepro.2014.05.061
Schäfer, M., Kebir, N., & Neumann, K. (2011). Research needs for meeting the challenge of
decentralized energy supply in developing countries. Energy for Sustainable
Development, 15(3), 324-329. doi:http://dx.doi.org/10.1016/j.esd.2011.07.001
Schmidt, T. S., & Huenteler, J. (2016). Anticipating industry localization effects of clean
technology deployment policies in developing countries. Global Environmental
Change, 38, 8-20. doi:https://doi.org/10.1016/j.gloenvcha.2016.02.005
Shenton, A. (2004). Strategies for ensuring trustworthiness in qualitative research projects.
Education for Information, 22(2), 63-76. doi:10.3233/EFI-2004-22201
Shi, Q., & Lai, X. (2013). Identifying the underpin of green and low carbon technology
innovation research: A literature review from 1994 to 2010. Technological
Forecasting and Social Change, 80(5), 839-864.
doi:http://doi.org/10.1016/j.techfore.2012.09.002

[237]

Shyu, C.-W. (2014). Ensuring access to electricity and minimum basic electricity needs as a
goal for the post-MDG development agenda after 2015. Energy for Sustainable
Development, 19, 29-38. doi:http://dx.doi.org/10.1016/j.esd.2013.11.005
Singh, R. K., Murty, H. R., Gupta, S. K., & Dikshit, A. K. (2012). An overview of
sustainability assessment methodologies. Ecological Indicators, 15(1), 281-299.
doi:https://doi.org/10.1016/j.ecolind.2011.01.007
Stern, D. I., Burke, P. J., & Bruns, S. B. (2019). The impact of electricity on economic
development: A Macroeconomic Perspective.
Stewart, D. W., Shamdasani, P. N., & Rook, D. W. (2007). The focus group moderator:
Focus groups. In (2nd ed.). Thousand Oaks, California: SAGE Publications, Ltd.
Retrieved from https://methods.sagepub.com/book/focus-groups.
doi:10.4135/9781412991841
Strauss, A., & Corbin, J. (1998). Basics of qualitative research: Techniques and procedures
for developing grounded theory, 2nd ed. Thousand Oaks, CA, US: Sage Publications,
Inc.
Suberu, M. Y., Mustafa, M. W., Bashir, N., Muhamad, N. A., & Mokhtar, A. S. (2013).
Power sector renewable energy integration for expanding access to electricity in subSaharan Africa. Renewable and Sustainable Energy Reviews, 25, 630-642.
doi:http://dx.doi.org/10.1016/j.rser.2013.04.033
Tamir, K., Urmee, T., & Pryor, T. (2015). Issues of small scale renewable energy systems
installed in rural Soum centres in Mongolia. Energy for Sustainable Development, 27,
1-9. doi:10.1016/j.esd.2015.04.002
Terrapon-Pfaff, J., Dienst, C., König, J., & Ortiz, W. (2014). How effective are small-scale
energy interventions in developing countries? Results from a post-evaluation on
project-level. Applied Energy, 135, 809-814.
doi:https://doi.org/10.1016/j.apenergy.2014.05.032
Tobin, G. A., & Begley, C. M. (2004). Methodological rigour within a qualitative framework.
Journal of Advanced Nursing, 48(4), 388-396. doi:10.1111/j.1365-2648.2004.03207.x
Todorović, M. L., Petrović, D. Č., Mihić, M. M., Obradović, V. L., & Bushuyev, S. D.
(2015). Project success analysis framework: A knowledge-based approach in project
management. International Journal of Project Management, 33(4), 772-783.
doi:10.1016/j.ijproman.2014.10.009
UNDESA. (2007). Indicators of sustainable development: Guidelines and methodologies
(Third Edition). New York: United Nations.
Urmee, T., Harries, D., & Schlapfer, A. (2009). Issues related to rural electrification using
renewable energy in developing countries of Asia and Pacific. Renewable Energy,
34(2), 354-357. doi:http://dx.doi.org/10.1016/j.renene.2008.05.004

[238]

Urmee, T., & Md, A. (2016). Social, cultural and political dimensions of off-grid renewable
energy programs in developing countries. Renewable Energy, 93, 159-167.
doi:http://dx.doi.org/10.1016/j.renene.2016.02.040
Valentin, A., & Spangenberg, J. H. (2000). A guide to community sustainability indicators.
Environmental Impact Assessment Review, 20(3), 381-392.
doi:https://doi.org/10.1016/S0195-9255(00)00049-4
van Ruijven, B. J., Schers, J., & van Vuuren, D. P. (2012). Model-based scenarios for rural
electrification in developing countries. Energy, 38(1), 386-397.
doi:http://dx.doi.org/10.1016/j.energy.2011.11.037
Waas, T., Hugé, J., Block, T., Wright, T., Benitez-Capistros, F., & Verbruggen, A. (2014).
Sustainability assessment and indicators: Tools in a decision-making strategy for
sustainable development. Sustainability, 6(9), 5512-5534.
Wang, J.-J., Jing, Y.-Y., Zhang, C.-F., & Zhao, J.-H. (2009). Review on multi-criteria
decision analysis aid in sustainable energy decision-making. Renewable and
Sustainable Energy Reviews, 13(9), 2263-2278.
doi:http://dx.doi.org/10.1016/j.rser.2009.06.021
Warr, B. S., & Ayres, R. U. (2010). Evidence of causality between the quantity and quality of
energy consumption and economic growth. Energy, 35(4), 1688-1693.
doi:http://dx.doi.org/10.1016/j.energy.2009.12.017
Weijters, B., Cabooter, E., & Schillewaert, N. (2010). The effect of rating scale format on
response styles: The number of response categories and response category labels.
International Journal of Research in Marketing, 27(3), 236-247.
doi:https://doi.org/10.1016/j.ijresmar.2010.02.004
WEO. (2016). World Energy Outlook 2016-Electricity access database. Retrieved
http://www.worldenergyoutlook.org/resources/energydevelopment/energyaccessdatab
ase/, from International Energy Agency
Wolf, C., Joye, D., Smith, T. E. C., & Fu, Y.-c. (2016). The SAGE handbook of survey
methodology. London, UNITED KINGDOM: SAGE Publications.
Yadoo, A., & Cruickshank, H. (2012). The role for low carbon electrification technologies in
poverty reduction and climate change strategies: A focus on renewable energy minigrids with case studies in Nepal, Peru and Kenya. Energy Policy, 42, 591-602.
doi:https://doi.org/10.1016/j.enpol.2011.12.029
Yadoo, A., Gormally, A., & Cruickshank, H. (2011). Low-carbon off-grid electrification for
rural areas in the United Kingdom: Lessons from the developing world. Energy
Policy, 39(10), 6400-6407. doi:https://doi.org/10.1016/j.enpol.2011.07.040
Zahnd, A., & Kimber, H. M. (2009). Benefits from a renewable energy village electrification
system. Renewable Energy, 34(2), 362-368.
doi:http://dx.doi.org/10.1016/j.renene.2008.05.011

[239]

Zhang, X., & Kumar, A. (2011). Evaluating renewable energy-based rural electrification
program in western China: Emerging problems and possible scenarios. Renewable
and Sustainable Energy Reviews, 15(1), 773-779.
doi:http://dx.doi.org/10.1016/j.rser.2010.08.023
Zomers, A. (2014). Remote Access: Context, challenges, and obstacles in rural
electrification. IEEE power and energy magazine, 12(4), 26-34.
doi:10.1109/MPE.2014.2315916

[240]

9 Appendix

9.1 Appendix 3.1 Semi-structured questions for focus group
discussion
Describe how does the electricity service change your daily life? Can you please explain
those changes (differences) with examples (probes: better light for children’s education,
watching TV, agro-processing facilities, etc.)?
[Spend up to 10 min for this question. Encourage each participant to talk, as this is
relatively easy question and everyone should have something to say.]
Q.1 Describe how you (as a community) decided to develop an energy project at your
village? [10-15 min]
1. What was the process by which you got your project concept (own idea, replication of
nearby project, expert help, etc.)?
2. What was the content of the initial project concept (domestic lighting, agro-processing, run
enterprise, etc.)?
3. What were some of the main steps you have followed to come up with your final project
proposal (location selection, discharge measurement, survey and DFS report, funding,
etc.)?
4. What was the form of the community participation during that phase of project
development (optimistic, full participation, proactive, willingness to contribute, etc.)?
Q.2 Describe the capital investment costs and different funding sources. [10-15 min]
5. Where did you get the funds (government subsidy, DDC/VDC grant, local NGO, etc.)?
Have you had difficulties in mobilising funds? Have you also mobilised cash and in-kind
contributions from local communities?
6. Had the project taken any loan? If so, how difficult was that? How did you repay the loan?
7. Did you experience any fund deficit during that time? Do you think the project could have
been built differently (canal, poles, equipment, and other structures)?
Q.3 How does your project [management] supervise local customers and manage load
growth? [10-15 min]
8. How did you select your customers? Did you ask them for a mandatory cash and in-kind
contribution? Do you have HHs not having electricity connection? If so, why?
9. How did you determine expected load demand for households, commercial buildings and
enterprises? Have you developed criteria for this purpose?
10. How do you manage your additional load demand (connecting new appliances), new
connections and disconnections?
Q.4 How does your project utilise electricity in the productive sector? Do you notice small
and medium enterprise (SME) growth at your village? [10-15 min]
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11. Is there sufficient capacity for energy to be supplied to SMEs?
12. Do you think your location is more appropriate for some particular SMEs? Why?
13. Have some of you already involved in and/or are you considering setting up any business?
What are the difficulties in setting up a new business?
Q.5 How does your project manage local power supply and demand? [7-10 min]
14. Do you know how much electricity (kW) is produced? Is there any seasonal variation in
the electricity production? If so, why?
15. What is your maximum electricity demand? What time of the day does that happen?
16. Can your project supply the peak load demand now and in all other months? If not, explain
how do you manage the situation?
17. Have you ever tried to shift/ reduce the peak load demand?
18. Have you ever introduced any financial incentive package for load management? Do you
encourage local businesses (like agro-processing mills, furniture, etc.) to operate during
off-demand hours?
Q.6 Have you noticed any growth in the plant factor? If yes, describe why and how the
growth was possible? [7-10 min]
19. Do you know what percentage of total available energy of your project is utilised now?
Have you ever noticed any changes (higher utilisation in certain months, improved over
the last 3 years, etc.)
20. How can the plant factor (energy utilisation) be improved? Explain what are the constraints
to plant factor growth (use of CFL and more efficient appliances, no SME growth, economic
status, etc.)?
21. Have you ever taken initiatives for improving the plant factor (increasing operation hours,
additional benefits for off-hours uses, SME promotion activities, etc.) ?
Q.7 Describe revenue sources of your project explain how do you monitor the financial
transactions? [7-10 min]
22. Describe the revenue sources of your project (domestic customers, business and SMEs)?
How much tariff do you collect every month?
23. How often is the electricity tariff revised?
24. How do you ensure timely collection of tariff? Do you have any reward/punishment
policies for timely/untimely payment?
25. Describe your financial audits and public audit practices, if any?
Q.8 Can you tell me about the project ownership and explain how do you manage your
project? [10-15 min]
26. Who is the owner of the project? Is it a legal entity (registered users committee, NGO,
cooperative, company, etc.)?
27. Can you tell me more about the leadership selection practices?
28. Who is responsible for daily management of the project activities (executive members, staff
team members, consultants, etc.)?
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29. How do you ensure reliable and high quality electricity services? Can you give me an
example? Explain how you retain trained staff (pay more salary, hire local people and
train, etc.)? Who and how do you supervise their work?
30. How do you communicate with your customers (mass meetings, sharing of meeting
minutes, feedback collection mechanism, etc.)?
Q.9 Explain the daily operation procedures of your power plant. Tell me more about how
scheduled/sudden maintenance works are being managed? [7-10 min]
31. Who is responsible for daily operation of your power house and distribution system? Can
you explain how you got after sales services (from equipment suppliers and/or Installation
Company)?
32. What was your experience doing scheduled/ sudden maintenance work? Were the O&M
costs affordable? If not, how did you manage?
33. Can you please describe the major challenges you have faced to ensure uninterrupted power
supply?
34. How do you get informed about blackout and other fault notices? How quickly do you
respond to those faults?
Q10. What is your overall experience in developing the energy project? What are the key
challenges you have experienced for sustainable operation of the project? [10-15 min]
35. Describe the technical and financial support you have received. What was the role of
government in building your project? How did the local government agencies support the
project?
36. Is your project sustainable? What are the important aspects of the project for overall
performance?
37. How do you compare your project with others, if any? Why is your project different? Is
there anything else you can add?
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9.2 Appendix 3.2 Survey questionnaire
Section 1: Micro-hydro project planning and development

 Thank you for participating in this survey. To start off, I’d like to ask you some questions
about planning and development of your micro-hydro project.
Question 1: Please indicate the extent that you agree or disagree with each of the following
statements regarding the involvement of local communities in the planning and development
phase of your micro-hydro project.
Please tick (√) one box in each row
Strongly
disagree

Disagree

Neither
agree nor
disagree

Agree

Strongly Agree

We held several meetings in the
village to discuss this project.

__ 1

__ 2

__ 3

__ 4

__ 5

Everyone in the community was
invited to these meetings and many
people actively participated.

__ 1

__ 2

__ 3

__ 4

__ 5

We had already identified the project
locations (e.g., intake, canal and
powerhouse) before the detailed
feasibility study.

__ 1

__ 2

__ 3

__ 4

__ 5

We helped the engineers in
conducting the feasibility study.

__ 1

__ 2

__ 3

__ 4

__ 5

We had several meetings with
funding agencies to raise funds for
the initial investment costs.

__ 1

__ 2

__ 3

__ 4

__ 5

We did not know much about the
project until it was approved by the
supporting/implementing agency.

__ 1

__ 2

__ 3

__ 4

__ 5

Question 2: How many customers (domestic households) were served per kilowatt by this
project at the time of commencement?
Plant capacity (P)

______

Total households (HH)

______

Households/kW (HH/P)

______
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kW

Question 3: Please indicate the extent that you agree or disagree with each of the following
statements regarding the location and features of your micro-hydro project.
Please tick (√) one box in each row
Strongly
disagree

Disagree

Neither
agree or
disagree

Agree

Strongly
agree

__1

__2

__3

__4

__5

__1

__2

__3

__4

__5

__1

__2

__3

__4

__5

__1

__2

__3

__4

__5

__1

__2

__3

__4

__5

__1

__2

__3

__4

__5

The powerhouse is:
located in an accessible place
(e.g., easy to reach, open space, near from
road)

near to one of the village settlements
in a safe place
(e.g., no risk of floods and landslides)

The beneficiary village is:
a densely populated settlement
(e.g., households compacted together)

rural settlement
(e.g., remoteness)

with small marketplaces
(e.g., small groceries, restaurants, shops,
ICT kiosks)

Section Two: Investment Costs and Funding

 Next I’d like to ask you some questions about the costs of establishing your micro-hydro
scheme, and how you raised the money for the scheme.
Question 4: What was the total investment cost (actual) of your project?
NRs: _

_ _._ _ _ Million

Question 5: When was the project constructed?
Starting date

_ _ _/ _ _ _ _

(MM/YYYY)

Completion date

_ _ _/ _ _ _ _

(MM/YYYY)

Question 6: Describe how you raised funding for the initial project investment costs.
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 Please do NOT count local labour costs.
Subsidy and grant supports

_ _ ._ _ %

Community cash contribution

_ _ ._ _ %

Loans ( e.g., bank loan, individual loans, loan _ _ ._ _ %
from installation company, loan from venders )
Other source (Please specify)

_ _ ._ _ %

Question 7: Which of the following approaches did you mostly use to fund development of
your micro-hydro system?
Please tick (√) one box only
__1 ESAP/NRREP modality
__2 REDP/RERL modality
__3 ACAP/Kadoree modality
__4 Private developers
__5 Direct funding (donor support)
__6 Other (Please specify) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Section Three: Use of Electricity

 The next set of questions is about how the electricity your micro-hydro scheme generates
is used.
Question 8: Please indicate the extent that you agree or disagree with each of the following
statements regarding the level of electricity access at household level.
Please tick (√) one box in each row
Strongly
disagree

Disagree

Neither
agree nor
disagree

Agree

__ 1

__ 2

__ 3

__ 4

Strongly
Agree

We use electricity for :
Lighting and charging mobile phones
only.
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__ 5

Lighting, mobile charging and
watching TV.

__ 1

__ 2

__ 3

__ 4

__ 5

Lighting, mobile charging, watching
TV and cooking our meals.

__ 1

__ 2

__ 3

__ 4

__ 5

All household appliances including
refrigerators, heaters and other
appliances at households.

__ 1

__ 2

__ 3

__ 4

__ 5

Question 9: How many of the following small and medium enterprises (SMEs) began
operating after the hydro scheme started?
List of enterprises/businesses

Number

Agro-processing mills (e.g. grinders, rice
hullers, mustard expeller)
Saw mills (e.g., furniture, home makers)
Poultry farms
Bakeries (e.g., breads, cookies)
Metal fabrication (e.g., grills, metal gates)
Fresh houses (e.g., meat house)
Telephone towers (e.g., NTC, NCELL)
Hotels, restaurant
Tea factories
Cardamom processing
Crusher machine
Other (please specify)

Section Four: Billing Systems

 Now I’d like to ask you a question about the electricity tariff system of your micro-hydro
project and how you calculate the monthly bills.
Question 10: Which of the following options do you use to calculate the monthly electricity
bill? Please tick (√) one box only
__1 Fixed

monthly tariff is applied to all users.

__2 Monthly tariff

is calculated based on power level requested by the household.

__3 Monthly tariff

is calculated based on energy consumption.
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__4 Monthly tariff

is calculated based on energy consumption and power level requested by the

household.
__5 Other (

Please specify) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Section Five. Project Management

 Next, I’d like to ask some questions about how the day-to-day operations of your project
are managed.
Question 11: Which one of the following institutional types describes the ownership of this
project? Please tick (√) one box only
__1

A registered community organisation (users’ committee)

__2

Local cooperative

__3

New cooperative (transformed from users group)

__4

Private developers

__5 Other type

(Please specify) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Question 12: Please indicate the extent of technical knowledge of your management team for
each of the following aspects of the project.
 Please read the information on this table carefully. If you need any clarifications, ask the
enumerator. .
TIPs
Poor >>>>>>>>>>>>>> >>>>>>>>>>>>>>>>Excellent
Operation
and
maintenance

Power
demand and
supply

 Lack of knowledge on daily
operation of project.
 Naive about maintenance and
safety issues.
 Unfamiliar about local power
demand and supply.

 Full information about the project
 Familiarity with day-to-day operation of
project
 Superior in maintenance and safely issues
 Full information of power output capacity
 Fully Aware about local power demand
 Knowledge on demand-side management

Productive
uses of
electricity

 Lack of understanding about
SMEs and their importance.

 Fully understand the contribution of SMES
to plant factor, revenue generation and local
jobs.

Please tick (√) one box in each row
Poor

Below
average

Knowledge on:
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Average

Above
average

Excellent

Operation and maintenance of the

__1

__2

__3

__4

__5

Local power demand and supply.

__1

__2

__3

__4

__5

Productive uses of electricity.

__1

__2

__3

__4

__5

micro-hydro project.

Question 13: Please indicate the extent of priority of your management team for each of the
following aspects of the project.
Please tick (√) one box in each row

An uninterrupted power supply in
the village
(e.g.; responsiveness, clientrelationship, regular monitoring).
Basic infrastructure development
of the project
( e.g., office building, bill counters,
accommodation for operators)
Establishment of SMEs in the
village
(e.g., credit facilities, low-rate
electricity).
Job descriptions
(e.g., JD of staff, JD of management
team members)
Team-work and coordination
(e.g., regular meeting, good

Not at all
important

Low
important

Neutral

Very
important

Essential
important

__1

__2

__3

__4

__5

__1

__2

__3

__4

__5

__1

__2

__3

__4

__5

__1

__2

__3

__4

__5

__1

__2

__3

__4

__5

__1

__2

__3

__4

__5

relationship between staff and
management team)

Proper documentation (e.g.,
meeting minutes, log books, financial
statements)

Question 14: On average, how many hours does this project operate in any 24-hour period?

_ _ _ _ hours
Question 15: How many technical staff are now working full-time (i.e. 6 days per week) in
this project?

_ _ _ _ staff
Question 16: Please indicate whether the following aspects of technical staff are none, medium
or excellent.

[249]

 Please read the information on this table carefully. If you need any clarifications, ask the
enumerator.
TIPs
None >>>>>>>>>>>> >>>>>>>>>>>>Excellent
Work experience

 Less than one month’s
experience with this
project.

 Worked since the construction of this
project or
 More than five years’ experience in
micro-hydro projects.

 No previous work
experience in similar
projects.

Skills/knowledge

 Can’t operate the plant
independently

 Full understanding of the plant
operation.

 Lack of knowledge of
basic technical issues

 Can perform regular maintenance work.
 Understand most of the technical issues.

 Can’t perform simple
maintenance work

 Can perform minor repair work.

Trainings/exposure  Did not attend any

 Attended operator’s training.

formal/informal trainings

 Attended follow-up training.

 Did not visit any other
micro-hydro projects.

 Visited other micro-hydro projects.
 Familiar with most of the technical
issues.

Please tick (√) one box in each row
None

Relevant work experience

Low

Medium

High

Excellent

__1

__2

__3

__4

__5

__1

__2

__3

__4

__5

__1

__2

__3

__4

__5

__1

__2

__3

__4

__5

(e.g., working in micro-hydro project)
Technical knowledge and expertise
(e.g., daily operation of plant, knowledge on
technical standards, minor repair and
maintenance)

Relevant training and exposure (AEPC’s
operator’s training, manager’s training)
Knowledge about the project
(e.g., generator, turbine, ELC, distribution
lines, switchgears)

Section Six. Operation and Maintenance
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 Next, I’d like to ask questions about the post-installation support and repair and
maintenance of your micro-hydro project.
Question 17: Has this project received any post-installation support?
__ No

 go to Question 18

__Yes  please indicate the extent of post-installation support for each of the
following aspects of the project.
Please tick (√) one box in each row

Operation and management
of the power plant
(e.g., coordination with

No
support

A small
amount of
support

Moderate
support

A lot of
support

Extensive
support

__1

__2

__3

__4

__5

__1

__2

__3

__4

__5

__1

__2

__3

__4

__5

__1

__2

__3

__4

__5

installation companies,
awareness trainings, preparing
guidelines )

Promotion and development
of SMEs
(e.g., technology transfer,
linking with market, credit for
enterprises)

Grant support for
establishing SMEs
(e.g., subsidy for establishing
agro-processing mills, revolving
fund)

Training programs and other
capacity-building programs
(e.g., operator’s training,
financial management training,
carpentry training )

Question 18: Please indicate the performance of the following aspects of after sales service.
Please tick (√) one box in each row
Poor

Below
average

Average

Above
average

Excellent

One-year warranty services.
(e.g., regular monitoring by the company
representative, replacement of damage
parts, timely response, and quality of
maintenance works).

Relationship between the project and
installation company

__1

__2

__3

__4

__5

__1

__2

__3

__4

__5
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(e.g., regular contact with installation
company, regular technical support,
timely response)

Relationship between the project and
supporting (implementing) agency

__1

__2

__3

__4

__5

__1

__2

__3

__4

__5

__1

__2

__3

__4

__5

(e.g., regular contact with supporting
agencies, post-installation activities).

Relationship between the project and
service provider.
(e.g., contact between plant operator
and service provider, maintenance of
log-book, responsiveness)
Stock of spare parts at the store
(e.g., fuses, bearings, belts, thyristor)

Question 19: Please indicate the extent to which the following technical standards and safety
guidelines are implemented in your project.
Please tick (√) one box in each row

Use of standard operation guidelines in
the day-to-day operation of the project
(e.g., scheduled check-up, regulate in

Never

Rarely

Sometimes

Often

Always

__1

__2

__3

__4

__5

__1

__2

__3

__4

__5

__1

__2

__3

__4

__5

__1

__2

__3

__4

__5

power output, check voltage/frequency,
check fuse/MCB).

Maintenance of technical log book in
the powerhouse.
Unauthorised maintenance practices in
the project
(e.g., repair of distribution lines by local
villagers, free access to powerhouse).
Full compliance with safety standards
(e.g., maintenance of earthing system,
lighting arrestors, MCB/fuse)

Question 20: Please indicate the extent that you agree or disagree with each of the following
statements regarding the maintenance costs of your micro-hydro project.
Please tick (√) one box in each row
Strongly
disagree

When it comes to paying bills for
major repair work, we generally:
use our saving (maintenance) funds.

__1
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Disagree

__2

Neither
agree nor
disagree

__3

Agree

__4

Strongly
Agree

__5

seek helps from other organisations
(e.g., implementing agencies, local
VDC/DDC, local NGOs).
collect money from users.

__1

__2

__3

__4

__5

__1

__2

__3

__4

__5

Question 21: Are there any demand-side management initiatives in your village?
__No  go to Question 22
__Yes  please indicate the extent that each of the following initiatives are used.
Please tick (√) one box in each row

Not at
all

Less
than a
quarte
r
(25%)

More than a
quarter
(25%) but
less than
half (50%)

More than half
(50%) but less
than threequarters (75%)

More
than
threequarters
(75%)

__1

__2

__3

__4

__5

__1

__2

__3

__4

__5

__1

__2

__3

__4

__5

__1

__2

__3

__4

__5

We use efficient bulbs (e.g.,
CFL and LED) to save
power.
We do NOT allow the use
of certain electrical
appliances in people’s
houses.
SMEs need to follow an
operation time-table to
avoid over-loading the
system.
We have load shedding to
manage peak load demand.

Section Seven: Financial Management

 Next, I’d ask some questions about the income, expenses and daily financial management
of your micro-hydro project.
Question 22: Please indicate the extent that each of the following financial management
practices are used.
Please tick (√) one box in each row

We have some financial
management systems in our
project.

Not
at all

Less
than a
quarter
(25%)

More than a
quarter
(25%) but
less than
half (50%)

More than half
(50%) but less
than threequarters (75%)

More than
threequarters
(75%)

__1

__2

__3

__4

__5
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Electricity bill payment date is
fixed and we have informed all
customers of this date.
(e.g., before the 05th of every month,
first Sunday of every month)
We have a designated place for
bill payments.

__1

__2

__3

__4

__5

__1

__2

__3

__4

__5

__1

__2

__3

__4

__5

__1

__2

__3

__4

__5

__1

__2

__3

__4

__5

__1

__2

__3

__4

__5

__1

__2

__3

__4

__5

__1

__2

__3

__4

__5

__1

__2

__3

__4

__5

( e.g., office counter, customer’s
house, other public places)

Only designated staff members
can receive the payments from the
users.
(e.g. project managers, bill readers
and operators).
We provide receipts for every
payment.
All financial transactions are
regularly entered by a book
keeper into a financial
management system.
(e.g., inventory book, financial
statement).
Financial statements are regularly
checked and monitored by the
management committee.
All savings are regularly
deposited to the bank.
(e.g., every month, after the
management committee’s meeting )
Our management regularly carries
out an annual financial audit.
Public audits are organised in our
village regarding this project.

Question 23: Do you have saving funds?
__No  go to Question 24
__Yes  Please indicate the extent that you agree or disagree with each of the
following statements regarding the utilisation of the saving funds.
Please tick (√) one box in each row
Strongly
disagree
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Disagree

Neither
agree nor
disagree

Agree

Strongly
Agree

Part of the saving funds is used
for providing credit for local
enterprises.
(e.g., establishing agro-mill,

__1

__2

__3

__4

__5

__1

__2

__3

__4

__5

__1

__2

__3

__4

__5

poultry farming, furniture,
bakeries)

Part of the saving funds is used
for a contingency maintenance
fund.
The saving fund is (or will be)
invested in a new micro-hydro
project.

Section Eight. Contextual Factors

 We are now almost done with the first part of this interview. Now I’d like to discuss some
contextual factors, namely external environment and strategies pursued by the communities
which may have impacted the performance of your micro-hydro project.
38.
Question 24: Please indicate whether the following aspects of infrastructure and facilities are
poor, average or excellent.
Please tick (x) one box in each row

Road access
(e.g., all year vehicle movement)
Credit facilities
(e.g., Banks, MFIs)
Contact with the supporting
organisations
(e.g., regional centres of AEPC, area

Poor

Below
average

Average

Above
average

Excellent

__1

__2

__3

__4

__5

__1

__2

__3

__4

__5

__1

__2

__3

__4

__5

__1

__2

__3

__4

__5

__1

__2

__3

__4

__5

office of ACAP, district office of
REDP/RERL)

We have some NGOs working in our
village
(e.g., ACAP, Kadoree, PAF)
We have many hotels/restaurants in
our village
(e.g., tourist places, trekking routes,
religious places)

Question 25: Please indicate whether the following aspects of implementation strategies are
not at all true, true about half the time or completely true.
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Please tick (x) one box in each row

We have followed a community
mobilisation process.
We encourage local enterprises to
operate their businesses during
off-peak hours.
(e.g., night-time, morning-time)
Our management committee
focuses on enterprise development
in our village.
Our electricity service is similar to
the NEA’s service.

Not at all
true

Slightly
true

Somewhat
true

Mostly
true

Completely
true

__1

__2

__3

__4

__5

__1

__2

__3

__4

__5

__1

__2

__3

__4

__5

__1

__2

__3

__4

__5

Question 26: Have you ever considered any of the following implementation strategies in
your project?
Please tick (√) one box in each row
There is a possibility of an extension of a central grid to our village
(e.g., national grid is reached or near from the village).
We have prepared a plan for commercial operation of our micro-hydro
project.
We did some financial analysis including the future demand growth
during the planning phase of this project.
We have added a second plant (or are in process) once the electricity
market was developed in the village.
(e.g., growth in SMEs, more appliances at the households)

__1 Yes

__2 No

__1 Yes

__2 No

__1 Yes

__2 No

__1 Yes

__2 No

Section Nine: Growth

 Next, I’d like to ask some questions about the growth in the customers and domestic
power demand of your micro-hydro project.
Question 27: Please provide details regarding the power demand in this village.
At the beginning of the project

Now

Number of domestic customers

_ _ _ _ _ _HHs

_ _ _ _ _ _HHs

Average HH consumption

_ _ _ _ _ _kWh/month

_ _ _ _ _ _kWh/month

Average HH electricity bill amount

NRs _ _ _ _ _ _ /month

NRs _ _ _ _ _ _ /month

Section Ten. Assessment of Performance

 Next, I’d like to ask some questions about the performance of your project in terms of
economic, social, environment, technical and institutional aspects.
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Question 28: Please provide details about sources of project income.
Amount [NRs/year]
Revenue from residential customers

____________

Revenue from SMEs (e.g., mills, bakeries, poultries, hotels )

____________

Other revenue (if any, please specify)

____________

Total revenue

____________

Question 29: What is the regular monthly expenses of your project?
Amount [NRs/year]
Staff salary and allowances
Operation and maintenance costs
(e.g., travel costs, audit costs, telephone/photocopies, fees for
technicians, minor maintenance works)
Loan repayment (instalment)
Other regular expenses (if any regular expenses, please
specify)
Total expenses

Question 30: What was the number of SMEs in the village at the commencement of the
project?

_____
Question 31: What is the number of SMEs in the village now?

_____
Question 32: What is the contribution of the SMEs to the total electricity sales revenue of
your micro-hydro project? (Please provide these information for now and at the time of
commencement of the project.)

Share of SMEs in total income

At the commencement of
the project

Now

_____%

_____%

Question 33: Please provide details about the total jobs created by this micro-hydro project.
person-months / year
Total jobs within the micro-hydro project
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Total full-time jobs in the SMEs powered by the electricity
Total part-time jobs in the SMEs powered by the electricity

Question 34: Please indicate the extent that you agree or disagree with the following statement
about the education facilities at your village after the electricity service commenced.
Please tick (√) one box in each row
Strongly
disagree

Disagree

Neither agree
nor disagree

Agree

Strongly
Agree

__1

__2

__3

__4

__5

__1

__2

__3

__4

__5

__1

__2

__3

__4

__5

After the electricity arrived
in the village:
our local school(s) have
installed new equipment (e.g.,
computer lab, projectors) that
require use of electricity.
our local school(s) have added
new subjects (e.g., computer
science, electrical wiring).
student enrolment and pass-out
rates have also improved in
our local school(s) as a result
of these changes.

Question 35: Please indicate the extent that you agree or disagree with the following statement
about drudgery reduction (work load) at your village after the electricity service commenced.
Please tick (√) one box in each row
Strongly
disagree

Disagree

Neither agree
nor disagree

Agree

Strongly
Agree

__1

__2

__3

__4

__5

__1

__2

__3

__4

__5

__1

__2

__3

__4

__5

After the electricity arrived in
the village:
we use electric mills for agroprocessing. The traditional agroprocessing practice is now
reduced substantially in the
village.
we use rice cookers in our
kitchens. Therefore, we require
less firewood.
drinking water supply facilities
have been improved (i.e.
electricity is used to lift water)
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Question 36: What percentage of total households in the village are purchasing services or
products from agro-processing mills powered by the micro-hydro?

____%
Question 37: What percentage of total SMEs are currently using electricity from this microhydro project?

____%
Question 38: How much energy does your project generate in a day (24 hours)?

_ _ _ _ kWh
Question 39: What is the estimated plant factor (ratio of total energy consumed and total
energy available in any 24 hour period) of your project?

____%
Question 40: What was the plant factor at the commencement of your project?

____%
Question 41: Over the last year, have you ever been unable to supply electricity service due
to any unexpected shut-down (e.g. technical problem in the equipment, disturbance in the
distribution network, damage in the canal, less water in the river)?
__No  go to Question 42
__Yes  how many days was the power house closed? _ _ _ _ days/year
Question 42: Do you also close the powerhouse for scheduled maintenance work?
__No  go to Question 43
__Yes  how many days in a year? _ _ _ _ days/year
Question 43: What is the total load demand of your village during the peak hours? _ _ _ kW
Question 44: Please indicate the quality of the following aspects of the electricity service in
your village.
 Please read the information on this table carefully. If you need any clarifications, ask the
enumerator.
TIPs
Poor >>>>>>>>>>>> >>>>>>>>>>>>>>Excellent
Flexibility in use
of electrical
appliance at HHs

 Use of only prescribed bulbs
 Use only in evening time
 Restriction on use of other
appliances like TV, heater, ricecookers.
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 Use of all types of electrical
appliances at households.
 Use of appliances at all time.
 Use of appliance of all capacities.

Flexibility in use
of equipment in
the SMEs

 No or only limited number of
SMEs

 Use of all size equipment
 Operate most of the time

 Operate only in limited hours of
certain days.

 Use all types (motor, heater,
refrigerators)

Uninterrupted
power supply

 Lack of understanding about
SMEs and its importance.

 Fully understand the contribution of
SMEs to plant factor, revenue
generation and local jobs.

Quality of power
supply

 Voltage level below 190 V

 Voltage level: 220 V (+/- 5%)

 Voltage fluctuation

 No fluctuation of voltage level.

 Can’t start tube lights

 All appliances can be started at any
time.

 No earthing and lighting
arrestors installed or NOT in
working condition.

 Earthing system is installed and
operational

Safety measures
in power supply

 Lighting arrestors are adequately
installed and operational
 No evidence of damage to appliances
 No accidents due to short-circuits

Please tick (√) one box in each row

Flexibility in use of electrical
appliances at households ( e.g., use of
rice cookers, refrigerators, heaters, fan )
Flexibility in use of
equipment/machines in the SMEs
Uninterrupted power supply
throughout the year (e.g., no load

Poor

Average

Good

Very
good

Excellent

__1

__2

__3

__4

__5

__1

__2

__3

__4

__5

__1

__2

__3

__4

__5

__1

__2

__3

__4

__5

__1

__2

__3

__4

__5

shedding during the peak hours and/or
during the dry season)

Quality of power supply ( e.g.,
constant voltage level (220 V) and
frequency (50 Hz), brightness of bulbs is
appreciated by all households)

Safety measures in power supply
(e.g., no complaints regarding
damage to bulbs or other appliances)

Question 45: Have any of your staff left the project?
__No  go to Question 46
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__Yes  please indicate whether the following reasons for leaving are never,
sometimes or always occurring in your project.
Please tick one box in each row

Unhappy with
facilities
(e.g., pay scales,

Not at
all

Less
than a
quarter
(25%)

More than a
quarter (25%) but
less than half
(50%)

More than half
(50%) but less
than threequarters (75%)

More than
threequarters
(75%)

__1

__2

__3

__4

__5

__1

__2

__3

__4

__5

__1

__2

__3

__4

__5

__1

__2

__3

__4

__5

accommodation
facilities, management)

Got better
opportunities
(e.g., job in aboard, big
city)
Personal problems
(e.g., migration to
another city, health
problem, retirement)
Other (Please
specify)
___ ________
____

Question 46: Please provide some details about the non-technical losses (non-payment of bills)
in your project over the past three months.
Losses in the last three month [NRs]
What was the total bill amount?
What was the total collected amount?

Question 47: How many customers (in percentage) do not pay their bills on time?
Question 48: How many customers (in percentage) never pay their bills?

___

___%
%

Section Eleven. Additional Comments

 We are now done with the both parts of this interview. If you have any additional
comments or questions, please feel free to write them here.
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________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
_______________________________
We hope that you enjoy doing the questionnaire. Your time and effort are greatly
appreciated. Thank you for your help.

--END--
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Appendix 3.3 Survey answer sheets

Question 1

Participant number

We held several meetings in the village to discuss this project.

Choose an item.

Everyone in the community was invited to these meetings and many
people actively participated.

Choose an item.

We had already identified the project locations (e.g., intake, canal and
powerhouse) before the detailed feasibility study.

Choose an item.

We helped the engineers in conducting the feasibility study.

Choose an item.

We had several meetings with funding agencies to raise funds for the
initial investment costs.

Choose an item.

We did not know much about the project until it was approved by the
supporting/implementing agency.

Choose an item.

Question 3

Question 2

Plant capacity (P)
Total households (HH)
Households/kW (HH/P)

Click here to enter
Click
text. here to enter
Click
text. here to enter
text.
Choose an item.
Choose an item.
Choose an item.
Choose an item.
Choose an item.
Choose an item.

kW
Number
HH/ kW

The powerhouse is located in an accessible place
The powerhouse is near to one of the village settlements
The powerhouse is in a safe place
The beneficiary village is a densely populated settlement
The beneficiary village is rural settlement
The beneficiary village is with small marketplaces
Million Nepali Rupees

Question 5

Starting date

Question
6

Question 4

Click here to enter text.
Click here to enter
a date.

Subsidy and grant supports
Community cash contribution
Loans
Other source (Please specify)

Question
7

Completion date

%
%
%
%

Which of the following approaches did you mostly use to fund
development of your micro-hydro system?
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Click here to enter a
date.
Click here to enter
Click here to enter
text.
Click here to enter
text.
Click here to enter
text.
text. an item.
Choose

Question 8

Lighting and charging mobile phones only.

Choose an item.

Lighting, mobile charging and watching TV.

Choose an item.

Lighting, mobile charging, watching TV and cooking our meals.

Choose an item.

All household appliances including refrigerators, heaters and other
appliances at households.

Choose an item.

Question 9

Question 10

Questi
on 12

Question 11

Question 13

Telephone towers
Click here to enter
Click here to enter
Hotels,
restaurant
Click
here
to
enter
Click
text.
text. here to enter
Tea factories
Click
Click
text. here to enter
text. here to enter
Cardamom
processing
Click
Click
text. here to enter
text. here to enter
Crusher machine
Click
Click
text. here to enter
text. here to enter
Other
Click
Click
text. here to enter
text. here to enter
text.
text.
Which of the following options do you use to
Choose an item.
calculate the monthly electricity bill?

Agro-processing
millsmills
Saw
Poultry farms
Bakeries
Metal fabrication
Fresh houses

Which one of the following institutional types
describes the ownership of this project?

Choose an item.

Operation and maintenance of the micro-hydro project.
Local power demand and supply.
Productive uses of electricity.

An uninterrupted power supply in the village
Basic infrastructure development of the project
Establishment of SMEs in the village
Job descriptions
Team-work and coordination
Proper documentation

Choose an item.
Choose an item.
Choose an item.
Choose an item.
Choose an item.
Choose an item.
Choose an item.
Choose an item.
Choose an item.
Click here to enter text.

Question 15

How many technical staff are now working full-time (i.e.
6 days per week) in this project?

Click here to enter text.

16

On average, how many hours does this project operate in
any 24-hour period?

Choose an item.
Choose an item.
Choose an item.
Choose an item.

Relevant work experience
Technical knowledge and expertise
Relevant training and exposure
Knowledge about the project

Has this project received any post-installation support?
Operation and management of the power plant

Qu
esti
on
17

Question

Question 14
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Choose an item.
Choose an item.

One-year warranty services.
Relationship between the project and installation company
Relationship between the project and supporting agency
Relationship between the project and service provider.
Stock of spare parts at the store

Choose an item.
Choose an item.
Choose an item.
Choose an item.
Choose an item.

Use of standard operation guidelines in the day-to-day operation of the
project
Maintenance of technical log book in the powerhouse.
Unauthorised maintenance practices in the project
Full compliance with safety standards

Choose an item.
Choose an item.
Choose an item.
Choose an item.
Choose an item.
Choose an item.
Choose an item.

Use our saving (maintenance) funds.
seek helps from other organisations
Collect money from users.

Are there any demand-side management initiatives in your village?
We use efficient bulbs to save power.
We do NOT allow the use of certain electrical appliances in people’s
houses.need to follow an operation time-table to avoid over-loading the
SMEs
system.
We
have load shedding to manage peak load demand.

Choose an item.
Choose an item.
Choose an item.
Choose an item.
Choose an item.

We have some financial management systems in our project.
Electricity bill payment date is fixed and we have informed all customers
of this
date.
We
have
a designated place for bill payments.
Only designated staff members can receive the payments from the users.
We provide receipts for every payment.
All financial transactions are regularly entered by a book keeper into a
financial management
system.
Financial
statements are
regularly checked and monitored by the
management
committee.
All
savings are
regularly deposited to the bank.
Our management regularly carries out an annual financial audit.
Public audits are organised in our village regarding this project.

Choose an item.
Choose an item.
Choose an item.
Choose an item.
Choose an item.
Choose an item.
Choose an item.
Choose an item.
Choose an item.
Choose an item.

Do you have saving funds?
Part of the saving funds is used for providing credit for local
enterprises.
Part
of the saving funds is used for a contingency maintenance fund.
The saving fund is (or will be) invested in a new micro-hydro project.

Choose an item.
Choose an item.
Choose an item.
Choose an item.

Question
23

Question 21

on 20

Question 18
Question 19

Choose an item.
Choose an item.
Choose an item.
Choose an item.

Question 22

Questi

Promotion and development of SMEs
Grant support for establishing SMEs
Training programs and other capacity-building programs
Support for enhancing infrastructure and reconstruction of project
component i.e. canal, powerhouse.

Choose an item.

Road access
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Choose an item.
Choose an item.
Choose an item.
Choose an item.

Question 27

Question
26

Question
25

Question
24

Credit facilities
Contact with the supporting organisations
We have some NGOs working in our village
We have many hotels/restaurants in our village
We have followed a community mobilisation process.
We encourage local enterprises to operate their businesses during offpeakmanagement
hours.
Our
committee focuses on enterprise development in our
village.
Our
electricity service is similar to the NEA’s service.

Choose an item.
Choose an item.
Choose an item.
Choose an item.

There is a possibility of an extension of a central grid to our village
We have prepared a plan for commercial operation of our micro-hydro
project.
We
did some financial analysis including the future demand growth
during
theadded
planning
phaseplant
of this
We have
a second
(orproject.
are in process) once the electricity
market was developed in the village.

Choose an item.
Choose an item.
Choose an item.
Choose an item.

Number of domestic customers
Average HH consumption

HHs
kWh/month

Click here to
enter text.
Click here to
enter text.
Click here to
enter text.

Question
28:

NRs/month

Now

Revenue from residential customers
Revenue from SMEs
Other revenue (if any, please specify)
Total revenue

NRs
NRs
NRs
NRs

Click here to enter text.
Click here to enter text.
Click here to enter text.
Click here to enter text.

Question
29:

Average HH electricity bill amount

At the beginning
of the project
Click here to
enter text.
Click here to
enter text.
Click here to
enter text.

Staff salary and allowances
Operation and maintenance costs
Loan repayment (instalment)
Other regular expenses
Total expenses

NRs
NRs
NRs
NRs
NRs

Click here to enter text.
Click here to enter text.
Click here to enter text.
Click here to enter text.
Click here to enter text.

Question 30

What was the number of SMEs in the village at the
commencement of the project?

Click here to enter text.

Question 31

What is the number of SMEs in the village now?

Click here to enter text.

Question
32

Questi
on 33

Share of SMEs in total income

%

At the commencement
of the project
Click here to enter
text.

Total jobs within the micro-hydro project
Personmonth
Total full-time jobs in the SMEs powered by the
Personelectricity
month
Total part-time jobs in the SMEs powered by the
Personelectricity
month
Our local school(s) have installed new equipment that require use
of electricity.
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Now
Click here to
enter text.

Click here to enter
Click
text. here to enter
Click
text. here to enter
text.
Choose an item.

Qu
esti
on
34

Choose an item.
Choose an item.

Questi
on 35

Choose an item.
Choose an item.
Choose an item.

Our local school(s) have added new subjects
Student enrolment and pass-out rates have also improved in our
local school(s) as a result of these changes.
We use electric mills for agro-processing. The traditional agroWe
use ricepractice
cookersisinnow
our reduced
kitchens.substantially
Therefore, we
require
less
processing
in the
village.
Drinking
firewood.water supply facilities have been improved (i.e.
electricity is used to lift water)
Question 36 What percentage of total households in the village are
purchasing services or products from agro-processing
mills powered by the micro-hydro?

%

Click here to enter
text.

Question 37

What percentage of total SMEs are currently using
electricity from this micro-hydro project?

%

Click here to enter
text.

Question 38

How much energy does your project generate in a day (24
hours)?

kW

Click here to enter
text.

Question 39

What is the estimated plant factor (ratio of total energy
consumed and total energy available in any 24 hour
period) of your project?

%

Click here to enter
text.

Question 30

What was the plant factor at the commencement of your
project?

%

Click here to enter
text.

Question 41

Over the last year, have you ever been unable to supply
electricity service due to any unexpected shut-down?

Choose an item.

If yes, how many days was the power house closed?

Click here to enter text.

Do you also close the powerhouse for scheduled
maintenance work?

Choose an item.

If yes, how many days in a year?

Click here to enter text.

Question 42

Question 45

Question 44

Question 43

What is the total load demand of your village
during the peak hours?

Flexibility in use of electrical appliances at households
Flexibility in use of equipment/machines in the SMEs
Uninterrupted power supply throughout the year
Quality of power supply
Safety measures in power supply

kW

Click here to enter text.

Choose an item.
Choose an item.
Choose an item.
Choose an item.
Choose an item.
Choose an item.
Choose an item.
Choose an item.
Choose an item.
Choose an item.

Have any of your staff left the project?
Unhappy with facilities
Got better opportunities
Personal problems
Other
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Question 46

What was the total bill amount?
What was the total collected amount?

NRS
NRS

Click here to enter text.
Click here to enter text.

Question 47

How many customers (in percentage) do
not pay their bills on time?

%

Click here to enter text.

Question 48

How many customers (in percentage) never
pay their bills?

%

Click here to enter text.

Additional comments and questions (if any): Click here to enter text.
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9.3 Appendix 4.1 Thematic analysis process
STEP III: Collating codes
into potential themes and
gathering information on
each relevant theme
*New codes emerging from
the project nine to twelve
01. Why micro-hydro

STEP IV: Checking,
modifying and improving
the initial themes and
checking

STEP V: Generating clear
definitions and names for each
theme

Motivation for microhydro

Demand for more power
Willingness to pat for
electricity
Desperate villagers for
electricity
Subsidy for private
investment
AEPC’s promotion and
support
Demand for micro-hydro
Micro-hydro: reliable and
large energy project
Peltric set was used in the
village
Favourable condition(
ACAP office in the village)
Enthusiastic for micro-hydro
Powering the local health
post*

the available electricity
was not enough
high willingness to pay for
better electricity service
the government subsidy
for the micro-hydro
project
more power and reliable
energy option
encouragements from
supporting organisations
(I/NGOs)

Reasons for developing a
micro-hydro project
[01]
□No access to electricity
service in the village.
□Existing power supply
(peltric set or Solar PV) was
not enough.
□High willingness to pay for
bigger and more reliable
electricity service.
□The government subsidy and
technical assistance
□Coincide with the objectives
of I/NGOs working in the same
village/area.

02. Local community
(baseline)

Baseline situation (before Baseline situation of micromicro-hydro)
hydro communities
[02 and 03]
Lack of education on
Lack of knowledge
□Level of knowledge on
electricity uses
Poor people (low paying
micro-hydro power generation
Kerosene cheaper option
capacity for energy)
-Very low to high level of
(preference of poor people)
Private developers with
technical knowledge
Knowledgeable developers
strong knowledge
□Affordability of local people
Highly motivated
Motivated for community- for the micro-hydro electricity
community for social project based projects
-ultra-poor to average
population for monthly tariff
03. Base-line situation
Baseline situation (before payment
- 0 to NRs 45,000 cash
micro-hydro)
No previous experiences
No previous experiences
contribution for the initial
Ready market for electricity with electricity
investment cost.
Peltric set was replaced
Ready local market for
□Experience of local
Traditional lamps and
electricity
community in using/managing
firewood
the electricity.
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Water turbine was used in
the same location
Peltric set was used in the
village
Conservation activities
The project was first
initiated by ESAP/DCRDS
Local villagers prioritised
the micro-hydro project
Inspiration from other
electrified villagers
High willingness to pay
Developers with previous
experience
Trekkers night stay place

Experienced with peltric
set or solar PV
Micro-hydro was
integrated with local
conservation activities
Micro-hydro was
prioritised as local need
Influenced by other
neighbouring micro-hydro
communities
High willingness to pay
for micro-hydro
Potential for hotel and
lodge

-no experience at all to fully
experienced.
□Willingness to pay for microhydro power
-generally high to medium
□Motivation of local people for
community micro-hydro
project.
-very high to medium
□Market for electricity
-new (no market) to welldeveloped market for
electricity

04. Planning Process

Community involvement
in planning process

Full community
involvement in planning
Local villagers involvement
in planning process
Full community engagement
in in the planning
Local women’s group took
firt initiative
No community involvement
in planning process
Local community was
involved in planning
Local community owned the
project after the
commissioning*

Local community initiated
the project concept.
Local communities were
involved during the
planning phase.
Local communities were
not involved in the
planning process.

Community involvement in
planning/designing phase
[04 ]
□Local community
conceptualised the project idea
and fully involved in the
planning process.
□Local community
representatives were involved
during the planning/design
phase.
□Local communities were not
involved in the planning and
design phase.

05. Settlement type

Project location and
settlement types
Rural but clustered
settlement
Rural and scattered
settlement
Semi-urban (market
places) and clustered
settlement

Semi-urban and market
places
Clustered settlements
Full coverage by the
distribution network
Semi-urban area and market
places
Scattered settlements
06. Poles
Wooden poles
Wooden poles were used

Types of poles used at
the beginning
Max number of wooden
poles
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Project features
[05, 06, 07, 08 and 40]
□Project location and
settlement type
- rural but clustered settlement
- rural and scattered settlement
- semi-urban (market places)
and
- clustered settlement
□Flow of water during dry
season
-lower than the design flow
-enough water
-excessive flow of water
□Classification of canal

Wooden poles were used

Partial use of wooden
poles
Very few wooden poles
No wooden poles

07. Powerhouse
Risk of landslides
Ideal Power house location
Power house at un-safe pace
Good powerhouse location
Risks of landslides

Powerhouse location
Power house at safe and
near from village
Power house is in safe
place but in isolated place
Power house in unsafe and
isolated place

08. Canal

Canal type, location and
condition
Condition : Lined, semilined, earthen
Alignment: stable,
unstable (landslides,
seepage )
Type: new canal, existing
canal and upgrading of
existing canal
Flow : Seasonal variation,
sufficient flow
Intake type: temporary,
maintenance free

Lined canal
Sufficient water flow at the
source
Frequent maintenance of
canal
Seasonal variation I flow of
water
Wooden poles and earthen
canal
Maintenance free intake
Upgrading of existing canal
Stable canal alignment
Water right certificate
Sufficient flow for minihydro project*
09. Project completion
time

Project construction time

Commissioning time : 1
year
Completion of project in 10
months
Project completion time :
1.5 years
Project commissioned time
1 year
Project completion time : 2
years

Six months to 5 years

10. Total project cost
(investment)

Total initial investment
costs

Total project cost : NRs 13
million

Per kW investment cost :
NRs 250 ,000- 450,000
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-new canal
-existing canal
-existing and upgraded canal
□Canal type
-earthen canal
-lined canal
-pipe
-mixed of any two or more
□Canal length ( in meters)
□Canal alignment
-stable land
-average land
-unstable geography
(landslides, seepage)
□Wooden poles used at the
beginning ( in % of total poles
used in the project)
□Power house location and
accommodation
-good accommodation and
near from the village
-good accommodation but in
isolated place.
-poor accommodation and in
isolated place

Fund mobilisation and
project construction time
[09 and 13]
□Total project completion time
( concept to commissioning):
xx MONTHS or YEARS
□Fund mobilisation duration (
cost estimation to financial
closure): XX MONTHS or
YEARS
□Construction period (civil
construction to commissioning
): XX MONTHS or YEARS
Investment costs and cost
variation
[10 and 11]
□Total estimated investment
cost : NRs. xx Million

Total investment : NRs 40
million
Total project cost: NRs 21.7
million
Total investment cost :NRs
4 million
Total investment cost :
NRs17.5 million
Total investment costs : NRs
6.5 million
Total project cost : NRs 13
million

[The per kW cost variation
is mainly due to the canal
and the distribution
network. Generally, small
projects have high per kW
cost]

11. Cost Variation
Cost variation (estimation vs
actual)
Huge cost variation in the
distribution part

Project cost variation
difference between the
initial and actual project
costs

12. Funding modalities

Funding modalities,
sources , size and loans

ESAP subsidy: 30%
100% funding from subsidy
and grants
Subsidy and grant supports
less than 50%
AEPC’s subsidy support
Equity investment from the
shareholders
DDC/VDC grant: NRs 2.2
million
REDP subsidy: NRs 6.37
million
Political channel for fund
arrangement
Developers’ equity
investment:70%
Vender financed the project
NRs 15 million from 1100
shareholders
Tripartite agreement
(community , ACAP and
main funding agency)
Funding arrangement by
ACAP
More than 80% funds from
subsidy and grants
ESAP/AEPC subsidy

Funding source:
Government projects/
programs, donor agencies,
local agencies
(DDC,VDC), local NGOs.
Funding modality:
Government subsidy,
ACAP support modality,
direct donor support,
private investment.
Fund sharing :
subsidy and grant 30% to
100%,
loan 0% to 30%,
Community cash
contribution : 0% to 50%
Additional subsidy
Loan types:
Banks, venders, local
institutions/organisations,
individuals.
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□Total actual investment cost :
NRs. xx Million

[ per kW cost and % of cost
variation can be calculated
later]

Funding modalities and
implementation process
[12 and 14 ]
□Funding modality:
- AEPC-government subsidy
model
-ACAP model
-private developers
-other direct funding model
□Project cost sharing :
-subsidy and grant supports :
XX %
-community cash contribution:
XX %
-DDC/VDC contribution : XX
%
-loan: XX %
□Implementation approach:
-market driven approachESAP/NRREP
-proactive and community
mobilisation approachREDP/RERL
-proactive and natural
conservation approach- ACAP
-micro-hydro as a rural
enterprise approach - Private
Developers
-direct funding approach –
donor support

□Recipient of additional
government subsidy

85% grant support from
Japanese and ACAP
NRs 5 million additional
subsidy for sick projects*
13. Fund mobilisation time
(planning)
4 years to mobilise the
required funds
Project got stuck due to the
fund gaps
Leadership took personal
risks
Unaffordable equity
investment
Private investment was
successful Funding
arrangement time : 3 years
Preparation/Fund
arrangement time : 5 years
Four (4) years of fund
mobilisation

Fund mobilisation
duration ( financial
closure period )
Below 6 moths
6-12 months
1-2 years
2-3 years
3-4 years
Above 4 years

14. Organisation

Institutions directly
involved for the
promotion of microhydro
Asian development Bank
Agriculture Development
DDC/VDC grant
Bank (loan)
Annapurna Conservation
District Development
area Project-ACAP
Committee (grant)
ADB Promoted the peltric
Village Development
sets
Committee (grant)
AEPC subsidy was used
Alternative Energy
Taoshima Friendhip
Promotion Centre (Govt
Association
subsidy)
NRREP/AEPC subsidy
National Programs
DDC/VDC grant was used
(NRREP,REDP/RERL,
FNCCI contributed 800 bags ESAP)
of cement
Annapurna Conservation
GEO Rain Forest Project –
Area Project (NGO)
Germany
Kadoree
Canadian Aids
Geo Rain Forest Project
The Child Well fair Project- Takoshima Friendship
Germany*
Association
FNCCI
Other projects
15. Community
Local community
contribution
contribution
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[09]

[12]

Contribution/investment of
local communities

Community cash
contribution
No cash contribution from
local community
In-kind HH contribution
Transportation cost
Rs 35,000/HH cash
contribution
In-kind supports; 45 mandays per HH
30 man-days in kind
contribution
45% in-kind contributions
(labours)
Community cash
contribution: NRs 2.2
million
In-kind contributions
(labours)
Cash contribution : Rs 1000
per HH
No additional and in-kind
contribution from nonshareholders
No cash and in-kind
contribution from locals
No in-kind contribution
from locals
Community cash : NRS 2.1
million (3100 per HH)

In-kind labour works: 0 to
120 man-days per family
Cash contribution : 0 to
NRS 35,000 per family

16. Loan

Loan type

Loan from individuals and
local organisations
Bank loan : NRs 1.3 million
Loan : NRs. 3.5 million
Loan from bank: 7 million
Loan was borrowed from
local people
Loan from local hardware
supplier- NRs 3 million*

Bank loan
Loan from individuals
Loan from local
institutions
Loan from venders
(installation companies,
stores)

17. Loan repayment

Loan repayment method
and status
Loan repayment from the
regular sales revenue

Loan repayment in 4 years
(additional tariff)
No plan for the loan
repayment

Community contribution
type : Shareholders, equity
contributions
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[15]
□In-kind labour works: xxx
man-days per family
□ Equity cash contribution:
NRs. xx,xxx per family.
□ Project investment (
purchase of share): NRs xx,xxx
per share

Loan types and repayment
practices [16 and 17]
□Loan types:
-Bank loan
-loan from local
organisation/individuals
-loan from venders/suppliers
□Loan repayment methods:
-regular monthly revenue
-additional revenue (extra tariff
for the loan repayment)
-sales of fixed assets/property.
□ Loan repayment status:
-repaid
-ongoing

Loan repaid from the fixed
asset
Additional tariff ( Rs
400/200 per month) for 4
years
Repayment of loans from
the sales revenues
No repayment of loan
Repayment of loan in 5
years ( from the tariff)

Loan repayment from the
sales revenue + additional
tariff
Loan repayment from
sales of fixed assets

Status:
Fully repaid, ongoing
payments, not paying any
loan and/or no plan for
payment
18. Number of users
Domestic customers and
enterprises
All 265 HHs were connected Total connected HHs : 3
1050 HHs and 8 SMEs got
HHs/kW to 12 HH/kW
connected
Total enterprises : 0 to 50
Present customers: 1000
enterprises
approx.
Growth in domestic
Initial customers :665
customers: increased,
Customers at the beginning : same, decrease
550
Numbers were decreased
during the actual
connection*
Decreasing number of users
( local migration problem)*
19. Users type
Users’ types, categories
Two users type :
Types:
shareholders and general
domestic and
Less customers: in an
business/enterprises
average 3 HHs per kW
Domestic users’
3 categories of membership categories:
same category, general and
stakeholders
20. Users satisfaction
Users satisfaction
Local community people are
happy with project
Villagers with great
ownership feelings
Willingness to invest for
large hydro project
Frustration among the
community members

Highly satisfied and proud
with the project’s success
Happy with the electricity
services
Frustrated and regretful
communities

21. Local conflicts

Conflict in the
community
Conflict with the water
right ( goes to baseline)

No water right conflicts
One of the three villages left
the program
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-not paying any loan and/or
any plan for the repayment

Users type and their growth
[18 and 19]
□ Users types:
-domestic
-enterprises/businesses
□ Classification of domestic
users:
-general users
-shareholders
□ Growth in customers:
- number of customers during
the planning phase
-number of customers
connected at the beginning
-number of customers now

Users satisfaction
[20]
□Highly satisfied and proud
with the project’s success
□Happy with the electricity
services
□Frustrated and regretful
communities

[31]

Change in project location

Political conflict
(management)
Conflict in the
management committee
(management)

22. Shareholders
The cooperative provides
dividends
Each family hold shares of
Rs 22,000
All local contributions were
converted into the shares

Shareholders
The cooperative provides
dividends
Each family hold shares of
Rs 22,000
All local contributions
were converted into the
shares

[56]

23. Energy and Power
management

Tariff billing system

Energy meter and MCBs
were installed
Energy meter and 5A MCBs
Energy meter is used
0.5A MCB system
MCB system for monthly
electricity tariff
MCB system (low quality
devices)

Energy meters (based on
actual energy
consumption)
MCBs (based on actual
power demanded/used)
Energy meter and MCB (
energy consumed plus
power demanded)
Without the meters and
MCBs ( flat rate)

Billing system, tariff
structure and rates
[23 and 24]
□Billing systems:
-kWh consumed (energy
meter)
-fixed rate (min) for certain
kWh plus per kWh for extra
consumption (energy meter)
-per Watt installed capacity
(MCB)
-per connection (flat tariff for
HH)

24. Tariff structure

Tariff structure,
categories and rates
NEA’s tariff structure (
minimum monthly rate for
certain free units plus
additional rate for extra
kWh uses)
Tariff based on the power
demanded ( MCB’s
capacity)
Flat tariff rate ( equal
access, equal rate)

NEA’s tariff structures are
followed
Special tariff for poorest of
the poor :Rs 60/month
Tariff: minimum (Rs.
100/month+10 free units)
plus extra (NRs 10/kWh)
NEA’s tariff structures were
followed
Revision in tariff :Rs 150
with 20 units free
Tariff as per MCB capacity
(Rs 100 per 100 watt)
Flat monthly tariff rate : Rs
100
Tariff for enterprises : NRs
800 ( 100 units) per month
Minimum monthly tariff
NRs 80 with 20 uits free

Categories:
Single rate for domestic
users and enterprises
Two tariff rates ( 1 for
domestic and 1 for
enterprises)

□Tariff rates:
-single rate (same for domestic
users and enterprises)
-two tariff rates ( one for
domestic users and one for
enterprise)
-three tariff rates ( two rates for
domestic users and one for
enterprises)
-more than three tariff rates
□Revision on the tariff rates:
-never
-one time revision
-more than two revisions ( one
way)
-more than two revisions (two
ways)
□Tariff payment mode:
-cash
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Single tariff : Rs 100 with
15 units free
Domestic tariff : Rs 75 to
300 (minimum)
Tariff for business and
enterprises : Rs. 1500
Four tariff rates: Rs 60
(0.5A), Rs. 100 (1A), Rs.
150 (2A) and Rs. 800 (6A)
Different tariff for
enterprises
Different tariff structure
(NEA)
Flat tariff (no incentive
from savings of power)
Tariff Rs 150/month for all
HHs
Tariff for enterprises : Rs
500/month
Tariff for SMEs : Rs 1500
with 190 units
Revision of tariff rate
In-kind tariff payment for
the poor*

Three tariff rates ( 2 rates
for domestic and 1 for
enterprises)
More than three tariff rates

25. Connection fee

Entry fee for new
customers

No connection fee
Different connection fee for
new HHs/SMEs
Connection fee for general
users: NRs 2500
Different connection fee for
new members
Membership fee for nonshareholders.

No connection fee for all
customers
No connection fee for
initial HHs ( who
contributed to the project)
and shareholders
Same connection fee for
domestic customers and
businesses/enterprises
Different connection fees
for domestic customers
and business/enterprises

26. Use of electricity

Use of electricity (access)

Mobile and internet facilities
Electricity for domestic
lighting
Domestic lighting, mobile,
computer and internet
Lighting and mobile
charging

Only for domestic lighting
and charging mobiles
Domestic lighting and TV
Domestic lighting, TV and
Rice cookers
No restriction for HH
appliances

-in-kind ( labour contribution)

Rates
Domestic rates: Rs 60 to
300 per month
Enterprises : Rs 300 to
1500 per month
Payment mode:
Cash
In-kind
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Provision of entry fee for new
customers
[25]
□No fee for all new connection
□Same connection fee for all
new connection
□Different connection fees for
domestic customer and
enterprises

Domestic uses of electricity
[26 and 27]
□Level of access:
-only for domestic lighting and
charging mobiles
-domestic lighting and TV
-domestic lighting, TV and
Rice cookers

27. Domestic use of
electricity
No restriction for appliances
Growth in domestic
customers (36% in 10 years)
All HH appliances are used
No restrictions for HH
appliances
More appliances (at HH
level)
Unauthorised use of
electricity
More electrical appliances
are used
Rice cookers ( not in use)
Home stay business

Domestic use of
electricity
Unlimited use of
electricity at HH level (
goes to 26)
Growth in the HH
electricity consumption (
goes to 29)
Restriction for other HH
appliances ( only light)
(goes to 26)
Unauthorised use of
appliances (goes to 35)

28. SMEs

SMEs

Saw mill ( not in operation)
Rice mill(not in operation)
Diesel mill for local agroprocessing
No SMEs in the village
Rice mills, saw mills,
bakery,
Continuous growth in local
demand
No growth in revenue
Diesel mill is still in use for
agro-processing
High growth in SMEs
All diesel mills were
converted to electrical
Growth in SMEs
Agro-mills, poultry farms,
saw mills and crusher
Agro-mills, poultry,
bakeries, metal fabrications
One poultry and 2 fresh
houses
Rice mills-2, saw mill-1,
poultry -40
2 mills from 26 kW plant
(efficient)
Promoted local SMEs
Growth in SMEs

Types:
Agro-processing mills
Saw mills
Poultry farms
Bakery
Crusher machine
Metal fabrication
Fresh houses
Telephone towers
Hotels, restaurant
Growth in SMEs (goes to
29)
Agro-processing
practices:
Diesel mills
Diesel mills converted in
to electric
Water mills
Water mills were
converted into electric
Electric mills
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-no restriction for the HH
appliances
□Electrical appliances at HH
level:
-bulbs
-mobile chargers
-radios
-TVs
-rice cookers
-refrigerators
-heaters
-small grinders
-DVD players
-computers
-Wi-Fi devices

SME types, agro-processing
practices
[28]
□Typical SMEs in the microhydro communities:
-agro-processing mills
-saw mills
-poultry farms
-bakery
-metal fabrication
-fresh houses
-telephone towers
□Location specific SMEs in
the micro-hydro communities:
-hotels, restaurant
-tea factory
-cardamom processing
-crusher machine
□Type of agro-processing
mills:
-diesel mills
-diesel mills converted in to
electric
-water mills
-water mills were converted
into electric
-new electric mills

Tea factory
Hotels and restaurants
Cardamom processing (
plan)*
29. Plant factor

Growth in SMEs,
customers and revenue
Growth in Customers:
Higher number of
domestic customers ( goes
to 18)
Higher number of in
enterprises / businesses
(goes to 18)
Growth in domestic
consumption ( more
appliances)
Share in revenue : 0 to
60% from enterprises
Plant factor : 15% (worst)
to 50% (best)

Plant factor, growth in SMEs
[29, 47]
□Power supply and demand
-under-utilisation of the plant
capacity
-full utilisation of power
-local power demand exceeds
the supply

30. Institutional set up

Institutional set up/
ownership

Micro-hydro sub-committee
Registered community
organisation
Transformed from users
group to cooperative
Conservation management
committee –CMC
Users committee was
transformed to cooperative
Registered community
organisation
Existing cooperative took
the initiative
Private developers
Experienced cooperative
Cooperative model

Registered community
organisation
Cooperative
New cooperative (
transformed from users
group)
Sub-committee under the
conservation main
committee (ACAP
modality)
Private developers

Institutional setup/
ownership
[30]
□Registered community
organisation
□Existing cooperative
□New cooperative (
transformed from users group)
□Sub-committee under the
Conservation Main Committee
(CMC)
□Private developers

31. Management team

Characteristics of
management committee

Electricity demand is
growing
High plant factor (above
40%)
Plant factor is around 50%
20% revenue from
enterprises

No local team
Local conflicts
Clear job descriptions for all
staff

□Plant factor (% of available
energy is used) : xx %
□Share of enterprises/business
in the sales revenue: xx %
(baseline) to xx % (now).
□Growth in sales revenue:

Management practices and
leadership selection
[31 , 32 and 36]
conflicts among the teal
□ Key characteristics of
members
management committee
clear job responsibilities
-team working and
/JD in written form
coordination :
Accountable and dedicated -clear job responsibilities
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Good team work and
coordination
Team working; good
Regular monthly meeting of
management committee
The management and staff
do not interfere
Accountable and dedicated
management team
Frequent management
meetings
Clear and written job
descriptions
Highly experienced
management team
Established separate project
office
Inadequate team work in the
committee
Project management office
Three stakeholders: users,
committee and staff
Two management
committees for two
projects*

Experienced management
team
Good team
working/coordination
Regular monthly meetings
/frequent meetings
Highly focused on the
institutional development
Separate office and proper
documentation

32. Leadership selection

Selection of leadership in
the organisation
Selected by the village
assembly/ mass meeting
Selection is based on
consensus decision
Tenure of management
team : Fixed term (2 to 3
years), flexible (unlimited)
Lack of interest for
leadership position

Selection of chairperson (
village meeting, consensus
decision)
Leadership selection in
consensus basis
Leader selection- conscious
decision
General assembly selects
leadership in each 3 years
Lack of interest for the
leadership position*

-accountable and dedicated
-institutional development
focused
-experienced committee
members
-regular meetings
-infrastructure and proper
documentation
□ First contact person for
technical assistance
-operators
-line man
-chairperson
□ Leadership selection
-local village assembly selects
the committee
-selection is done based on
consensus decision
-tenure of the committee is
fixed for certain years
□ Interest of local people for
the leadership positions

33. Day-to-day
management

Daily operation of the
plant

Daily operation by the
operator
Day-to-day operation by
staff
Day-to-day operation by
operator

Individual staff :
operators/managers
Project manager (incharge)
Management committee
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Daily operation of the power
house
[33, 34 and 35]
□ General conducts for daily
operation of plant
-standard operation guidelines
-regular maintenance of log
book

Day-to-day operation by
staff

- any unauthorised
maintenance practices
-compliance of safety
standards

34. Operation Hours
24 hours service
Continuous plant operation
(24 hours)
Continuous power supply
(first priority)
17 hours of operation (4pm
to 9am)

Operation Hours
Full time operation (24
hours)
18-23 hours
12-17 hours
Below 12 hours

35. Plant operation
practices
Plant operating guidelines
are fully followed
No log-books
Un-authorised maintenance
practices of distribution
system (by villagers)
Lack of technical lack
Safety standards overlooked
Not followed basic
operational guidelines
No log book in the power
house
Poor maintenance of safety
equipment

General conducts in the
plant operation
Standard operation
guidelines are fully
followed
Regular maintenance of
log book Unauthorised
maintenance practices by
local people
Compliance of safety
standards

36. First contact person for
tech assistances
First contact person is the
operator
First contact person is the
chairperson (technical
issues)
First contact person for
technical issues –the
chairperson
First contact person –
operator
First contact person-lineman

First contact person for
tech assistances
Operator
Line man
Chairperson
( this goes to 31)

[31]

37. Technical staff

Technical staff

Only one staff: operator
Two staff: operator and
manger
Three staff: 2 staff and
manager

Only plant operator (s)
Plant operator(s) and
manager(s)
Plant operator(s),
manager(s) and lineman

Technical staff management
[37,38 and 39]
□Technical staff:
-only plant operator (s)
-plant operator(s) and
manager(s)
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□ In-charge of day-to-day plant
operation
- individual staff :
operators/managers
-project manager
- chairperson and/or
management committee
□ Daily plant operation hours
-full time operation (24 hours)
-18-23 hours
-12-17 hours
-below 12 hours

Three regular staff: operator, Manager (in-charge) and
line man and manager
other technical staff
Trained and motivated staff
Three technical staff (1
manger +2 operators)
Highly motivated staff
Six staff headed by manager
38. Incentive for staff
Retaining staff (primary
management concern)
Financial incentive –good
reward for operated
Additional incentive to the
operator
Staff life insurance policy
under consideration

Staff retention and
benefits
Retention of staff:
Turnover rate
Salary range: Rs 5000 to
15000 per month
Additional benefits:
additional income from the
mill, insurance policy, etc.

-plant operator(s), manager(s)
and lineman
-manager (in-charge) and other
technical staff
□Service duration/experiences:
-since the installation
-after the commissioning,
-after some years of operation.
□Characteristics of plant
operators
-skills
-disciplines
-motivation
□Salary and benefits
-monthly salary
-other benefits

39. Operators service and
skills
Plant operator was involved
during the installation phase
Same operator from the
beginning
Well trained and dedicated
operator
Trained and dedicated
operator
Operators service from the
inception phase
Lack of trained and
disciplined operators
Trained operator (AEPC)
Trained operators

□Turnover of operators
Operators service and
skills
Capacity building :
Trained or untrained
Service duration:
from the starting of
project,
after the commissioning,
after some years of
operation.
Dedication and disciplines:
High to low (scale)

40. Accommodation for
operator
Good accommodation for
operator
Good accommodation for
operator
Good accommodation for
operator
Lack of accommodation
facilities at the power house
No accommodation for plant
operator

Accommodation facilities
for operator ( goes to 7)
Good and safe
accommodation at the
power house
Poor accommodation (in
isolated place)
No accommodation (
isolated and unsafe place)
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[07]

Accommodation facilities
for operator at the power
house
41. Survey and installation
companies

Supply and installation
companies

Installation company:
RESC, Damauli
Detailed feasibility study :
company
Detailed feasibility study by
ACAP (by consultant)
Feasibility study by prequalified consultant
ACAP’s tender process for
installation company
Thapa engineering designed
and installed Balaju Yantra
sala ( installation company)
Supply and installation:
Thapa engineering
Nepal Yantrasala : installer

AEPC’s pre-qualified
companies
Local companies
Individuals
Other companies

42. Relationship with
installation companies
Quality of equipment (not
trusted)
Quality of equipment and
service is appreciated
Satisfactory aftersales
service of installation
company
Good contact with
installation company
No contact with the
installation company

Relationship with the
installation companies
Good relationship and
regular contact for
technical assistance
Good after sales service (
first year of operation)
and occasional contact for
more serious technical
problems
Not satisfactory after sales
service and no contact.

43. Power output vs Design
capacity
22 kW project produced 26
kW power output
Actual power output (75%)
was lower
Power output below the
rated capacity
11k kW project produced
135 kW
75 kW project produced 96
kW power output

Power output (efficiency)

Installation companies and
their performance
[41, 42 and 43]
□Supply and installation
companies
-AEPC’s pre-qualified
companies
-local companies
-experts
□Power output
-above the designed capacity
-almost the same capacity
-below the designed capacity.

Actual power output above
the designed capacity
Actual power output
almost the same capacity
Actual power output
below the designed
capacity.
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□Relationship with the
installation companies
-good relationship and regular
contact for all technical
assistance
-satisfactory after sales service
and occasional contact for
more serious technical
problems.
-not satisfactory after sales
service and no contact for
technical assistance.
□Successful years of operation

80 kW project produces 86
kW
Low power output ( low
flow)
Actual power output: above
the design capacity
Two separate 50 kW
projects with separate
distribution networks*
44. Technical issues

Technical issues

No serious technical issues
No serious technical issues
Improved supply reliability
Damage of HH appliances
(lightening)
Unreliable electricity
Low quality bulbs
11 kV line was used for 440
V (bypassing of
transformers)*

Minor technical issues
Unreliable supply of
power ( disturbance in the
distribution lines)
Lightening problems
Low quality bulbs
By passing of transformers
( huge power loss)

45. Repair and
Maintenance
Technical assistance from
the installation company
Local technicians for the
R&M
Local maintenance works by
COs
Major technical issues:
installation company
Get help from neighbouring
project
Upgraded the canal and
distribution networks

Repair and maintenance
works
Civil works:
Local community
Staff
Hiring of labours
Minor technical
problems:
Plant operators, lineman
Major technical
problems:
Technicians from the
installation companies
Technicians from local
companies
Operators from
neighbouring micro-hydro
projects
46. Spare parts
Stock of spare parts
Limited stock of spare parts Essential spare parts in
Equipment spare parts in
stock
stock
Limited spare parts in
Essential spare parts in stock stock
No spare parts in stock
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Repair and maintenance
works
[44, 45 and 46]
□Diverged types of technical
issues
-minor technical faults
-unreliable supply of power (
disturbance in the distribution
lines)
-lightening problems
-low quality bulbs
-by-passing of transformers (
huge power loss)
□Maintenance of civil parts
-local community
-staff
-outsourcing of labours
□Maintenance of minor
technical problems
-plant operator/lineman
-local technicians
□Maintenance of major
technical problems
-technicians from the
installation companies
-technicians from local
companies
-operators from neighbouring
micro-hydro projects

47. Supply vs Demand
Underutilisation of plant
capacity (30 kW surplus)
Available power is not
enough
Demand exceeds the plant
capacity
No surplus power is
available
High growth in power
consumption ( (50% in last
10 years)
Local power demand
exceeds the capacity
48. Demand side
management
Time-table for
business/enterprise
Introduced demand side
management
Unlimited number of bulbs
LED bulbs are used to save
power
New project for additional
demand
Rice cookers and other
heavy appliances are
restricted

Power supply and
demand (goes to 29)
Under-utilisation of
available power
No surplus power ( supply
= demand)
Local power demand
exceeds the supply

[29]

Demand side
management initiatives

Demand side management
initiatives
[48]
Only LED bulbs are
□Use of efficient bulbs (CFL
allowed
and LED)
No restriction for lighting ( □Restriction for certain HH
all type of lights are
appliances
allowed)
□ Operation time-table for
Restriction for rice cooker enterprises/ businesses
and other heavy appliances □Installation of new plant
No restriction for HH
appliances
No restriction for
enterprises
Timetable for operation of
enterprises
Additional plant for new
demand

49. Maintenance costs

Repair and maintenance
costs
Not significant maintenance R&M cost amount :
cost
Insignificant to
Unaffordable maintenance
unaffordable
cost
Source of payment:
High maintenance work
Sales revenue ,
(beginning)
contribution from local
All R&M costs from the
community, external
project revenues
sources (grant)
Local maintenance works by Provision of the
the community
maintenance fund :
Users’ additional
Yes or NO
contribution for R&M
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Management of R&M costs
[49 and 50]
□R&M cost amount
□Affordability for the R&M
costs
□Source of payment for the
R&M costs
-Sales revenue
-contribution from local
customers
-external donation
□Reserve fund for the R&M
works

No savings for maintenance
works
Improvements in the R&M
works (with higher revenue)
Mobilised external funds for
maintenance works
50. Reserve fund for
maintenance
Maintain reserve fund for
maintenance works
Enough revenue for salary,
loan repayment and the
R&M costs
Maintenance fund from the
beginning

Reserve fund for
maintenance
Use of sales revenue for
the maintenance works:
Establishment of separate
fund from the beginning
use of general saving fund

51. Post installation
supports

Post installation support

Monitoring of construction
and installation by ACAP
No external support for
SMEs
AEPC’s additional support
for enterprises
No post installation support
ACPA’s technical support
for R&M
No post installation support
for end-uses
REDP’s post installation
support was good
Inadequate post installation
support
ACAP organised exposure
visit
Unaware about the post
installation support
Continuous support from
Japanese donor
Good contact and
coordination with
supporting agencies
ACAP’s support for power
distribution modalities
AEPC’s additional subsidy
for enterprises

Supporting area:
Support for enterprise
development (adequate,
inadequate, no support)
Technical assistance for
day-to-day operation
(adequate, inadequate, no
support)

52. Financial System

Financial management

Post installation support
mechanism
[51]
□Supporting area:
-support for enterprise
development
-technical assistance for dayto-day operation

□Supporting institutions:
-same
implementing/supporting
agencies
Supporting institutions:
Same
-different
implementation/supporting organisations/agencies
agencies
Different
□Support types:
organisations/agencies
-additional financial support
(subsidy for enterprises)
-technical assistance (capacity
Support types:
Additional financial
development)
support subsidy for
enterprises)
Technical assistance (
capacity development)
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Financial management

Transparent financial
management system
Good financial management
system
Proper financial book
keeping
Transparent financial
management
Regular financial and public
audits
Bills at time/ provision of
penalty
All financial transitions by
manager
All savings are deposited in
the bank
All collections are deposited
in to bank
The manager looks after all
financial matter
Monthly bills are paid at the
counter
All payments by cheques
Regular financial audit and
public audits
Regular payment of bills
Financial and public audits
are regular
Savings in the bank account

Book keeping (monthly):
no to very good
Annual financial audit :
regular, often to no audit
Tariff collection and
management : mangers,
operators, committee
Bill payment method:
Counters, fixed places,
customers house or
anywhere
Management of saving
amounts:
Regular deposit in bank
Deposit in bank only
sometimes
No deposit
Payment method : fully
cheque, cash and cheque
and only cash

53. Income/expenses

Monthly income and
expenditures
Monthly income : Rs
12,500 to 175,000
Salary expenses: 23% to
100% of total income
Savings : 0% to 50% of
total income
Sales revenue : xxx to xxx
per kW
Total savings : Rs 0 to 2.5
millions

Total monthly income: NRs
35000
Monthly expenses: NRs
15000 for salary
Average monthly revenue :
NRs 150,000
Annual income: NRs. 3.5
million
Monthly revenue: NRs
40,000
Monthly revenue : NRs
175,000
Monthly savings: NRs
75,000 (50%)
Staff salary : NRs 40,000
(23% of income)

[52, 53 and 54]
□Regular (monthly) book
keeping of all financial
transactions.
□Regular (annual) financial
audit
□Regular payment of tariff
□Bill payment methods:
- bill counters
-other fixed places
-customers houses
-elsewhere
□Monthly income/expenses
-monthly income
-salary expenses
-savings after the salary
-total saving amount:
□Management of the saving
amount
- regular deposit in the bank
-deposit in the bank only
sometimes
-never deposit in the bank
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□Use of saving funds
-deposit in the bank
-use for maintenance works
-provide credits for enterprises
-invest for new project

Annual saving: NRs 1
million
40% of total income from
enterprises
Total monthly savings: 40%
Total savings: NRs 0.5
million
54. Savings (additional
income)
Credit facilities for local
businesses
Credit for local enterprises
Extra income from the
saving/credit activities

Use of saving funds

55. Impact of electricity

Impact of electricity

Better light for students/
farmers
Living condition of local
people is enhanced
Integrated with local
economic activates
Electricity makes people’s
life easier
Enhanced livelihood of local
people
Enhances the quality of
education
Population growth in the
village
SMEs created employment
opportunities

Better light for
students/farmers
Better living condition
Integrated with local
economic activities
Growth in local population
(migration from other
places)
Better education facilities
Employment opportunities

56. Achievement

Project’s achievements (
performance)
Growth in domestic users
and the SMEs ( goes to 18)
Growth in income (goes to
29)
long years of operation
(goes to 41)
Future plan of microhydro project
Installation of new project
Upgrading of existing
project

Income doubled in 10 years
High growth in HH (1608)
and SMEs (16)
Plant operates for 18 years

57. Next Plan
Planning for upgrading of
project
Installed additional plant
Planning for upgrading the
project

Saving in the banks
Maintenance costs
Credit facilities for local
enterprises
Investment for next project
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Impact of electricity
[55 and 56]
□ Better education
-better light for students
-better education facilities
□Enhanced local livelihood
-better living condition
-growth in local population
-better health facilities
□Integrated with local
economic activities
-employment opportunities
-growth in SMEs
-growth in tourism industry

[18,29,41]

Power management plan
[57]
□Full utilisation of available
power
□Upgrading of existing project
□Installation of new project

58. Central Grid
Plan to connect the project
ot central grid
Unexpected grid extension
Management’s preference
for the central grid
Risk of NEA’s line
National grid is unreachable
(~50kM)
Possibility of grid extension
(hopping for PPA)
Interested for PPA with
NEA
59. Suggestions

□Get connected with the
central grid
Central grid :
Possibility of central grid
opportunities and threats extension [58]
National grid is already
□Possibility of grid extension
reached to the electrified
to the village
area
-grid is already reached to the
Big hydro project is under village.
construction or in the
-big hydro project is under
development phase
construction in the area.
National grid is within 5
-grid is within 5 kM distance.
kM distance
-grid is far from the village (
National grid is far from
above 30 kM)
the village ( above 30 kM)

Suggestion for
improvement
New micro-hydro project
should be financed
through PPP model
Local mini-grid can help
to increase plant factor
Failure projects need to be
studied

Suggestion for improvement
[59]
□New micro-hydro project
should be financed through
PPP model
□Local mini-grid can help to
increase plant factor
□Failure projects need to be
studied

60. External Environment

External environment

The road helps local
business
The revision of subsidy
policy
Migration of people from
other places
No subsidy provision for
private projects
Road expansion in the
village (through road)
Revision in the subsidy
policy (higher rates)
Road passes through the
village
Road access (through road)
Electricity attracted new
banks
Local entrepreneurs with
experience from aboard

Access road ( up to the
village)
Through road ( pass
through the village)
Increased subsidy (
revision in the policy)
Subsidy for private
developers
Access to credit facilities (
banks, MFIs)
Local people with
experiences from aboard
Phasing out of the national
program ( regional office)

Effect of external
environment
[60]
□Expansion of road
-access road ( up to the village)
-through road ( pass through
the village)
□Revision on the subsidy
policy
-increased subsidy
-subsidy for private developers
□Access to credit facilities (
banks, MFIs)
□Local people with
experiences from aboard
□Phasing out of the national
program ( regional office)

PPP financing is preferred
Local mini-grid concept
Failure cases need to be
studied too
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The closure of regional
centre office
Road expansion (through
road)
61. Strategies

Key implementation
strategies by local
communities
Encouragement for
REDP community
night/morning business
mobilisation process
REDP community
Encouragement for
mobilisation process was
night/morning businesses
adopted
Commercial operational
REDP community
plan
mobilisation process
Focus on enterprise
Established system for
development
commercial operation
Cross-subsidised tariff
Immediate helps for agrostructure ( high for
mills
enterprise, low for poor
Cross-subsidised tariff rate
HHs)
(higher from SMES)
Financial analysis
REDP CM process helped to including the future
mobilise in-kind supports
demand growth during the
Strategies for higher revenue planning phase
generation
Decentralised monitoring
Financial analysis during the of project components
planning phase
High focus for institutional
Each member is responsible development
for local issues of certain
Use of saving funds for
area
other profit making
High focus on institutional
investment including the
development
enterprises
Estimation of future load
Being competitive with the
growth
NEA’s service
Be competitive with the
Awareness and demand
NEA’s service
campaign
Additional profit from the
Using equipment with
savings amount
higher capacity for more
Awareness and demand
power output
campaign for electricity
Local hotel businesses
Lack of plan and strategies
were forced to buy surplus
for commercialisation of
power
project
Higher capacity equipment
were installed
Local hotels were forced for
buying more power*
Wait for upgrading after
developing market for
electricity*
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Implementation strategies by
local communities
[61]
□REDP community
mobilisation process
□Encouragement for
night/morning businesses
□Commercial operational plan
□Focus on enterprise
development
□Cross-subsidised tariff
structure ( high for enterprise,
low for poor HHs)
□Financial analysis including
the future demand growth
during the planning phase
□Decentralised monitoring of
project components
□Highly focused on
institutional development
□Use of saving funds for other
profit making investments
□Being competitive with the
NEA’s service
□Organising awareness and
demand campaign
□Use of higher capacity
generator for more power
output
□Local hotel businesses were
forced to buy surplus power
□Upgrading only after the
development of local
electricity market

62. Optimisation

Optimisation in project
sizing

Over sizing of canal size (
doubled the size)
Small project for the
beginning

Over sizing of canal size (
doubled the size)
Small project for the
beginning

63. Duplication of
programs/projects

Duplication of
programs/projects

Less number of unelectrified HHs
Duplication of customers
Double power supply ( a
single HH is supplied by
two micro-hydro projects)

Less number of unelectrified HHs (goes to
62)
Duplication of customers
(double counting of
customers by two different
projects)
Double power supply ( a
single HH is supplied by
two micro-hydro projects)

64. Natural Disasters

Natural Disasters

The earthquake damaged the
penstock pipe*
The flood in the Baddighat
river damaged the canal*

The earthquake damaged
the penstock pipe
The flood in the Baddighat
river damaged the canal

65. Major accidents

Major accidents during
the testing phase

Major accident during the
testing time

Burst of penstock pipe
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Optimisation in project
sizing
[62]
□Sizing of project components
-canal
-generator
-turbine
□Number of customers per kW
capacity
□Distribution line
-distance
-use of transformers
Duplication of
programs/projects
[63)
□Duplication of customers
□Double power supply

Effect of natural Disasters
[64]
□Effect of natural disasters in
the hydro-mechanical
components
□Effect of natural disasters in
the electro-mechanical
components
□Effect of natural disasters in
the transmission/distribution
systems
Major accidents during the
testing phase
[65]
□Burst of penstock pipe
□Burst/leakage in
valves/turbine
□Short circuit in the generator,
transmission/distribution lines
□Burst/leakage in
valves/turbine

9.4 Appendix 4.2 List of sustainability indicators eliminated from the
selection process
SN

Indicators

Rationale/justifications

1

Investment cost
(upfront)

This is one of the project inputs (attributes)/ Project size,
location and other project parameters like load
distribution largely affect the cost.

2

Maximisation of profit

This is often used as an indicator of commercial for-profit
projects. However, off-grid RE services particularly the
Nepal’s micro-hydro projects are owned by non-profit
community organisations. Therefore, this is not relevant
in this research.

3

Tariff lag [$/kWh]

This is generally used in country-level sustainability
assessment and is not relevant to the project-level
assessment of the current research.

4

Investment costs
imposed on the users.

This is project attribute (input)

5

O&M costs imposed on
the users.

This is project attribute (input)

6

Improved family
income/ livelihoods

This is beyond the project level. Further, it will be hard to
measure as there is no baseline information and there is
no way to separate out the contribution of the microhydro project.

7

Number of electricity
service organisations

Most communities rely on a single energy supplier.
Therefore, this indicator is not relevant in this research
context.

8

Number of street lights

Not relevant in many cases as it involves significant
additional cost. Most rural communities are scattered,
therefore, the street lights are not a useful indicator.

9

Local public places and
business centres with
TV, telephone and
internet services.

Not relevant as most of the micro-hydro projects are
located in rural areas where public places and specialised
businesses are rarely available.

10

This is project attribute (input)
Local micro-financing
institutions and banks in
the project area.
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11

Share of population
with primary school
education

Not directly relevant at project level

12

Distribution of
electricity client
households in income
groups

This is not clear and hard to get. Moreover, the current
research focus in on overall access rather than comparing
access across income groups.

13

Subsidies offered for
electricity services

This is input (attribute) parameter.

14

Share of economically
active children

Not directly relevant for this research.

15

Acceptance of
technology

Micro-hydro is the only available option for electricity. If
they don’t accept the technology, they would not develop
the project.

16

Disparity

This research deals with single energy source and focus in
on overall us rather than comparing access across income
groups.

17

Share of renewable
energy in production

All micro-hydro projects are renewable energy
technologies. No energy mix possibility exist.

18

Emission of carbon
dioxide from
production

All micro-hydro projects are carbon neutral and no
emission is expected.

19

Contribution to reduce
land degradation

Negligible impact of micro-hydro projects.

20

Contribution to
reduction in water
pollution

Negligible impact of micro-hydro projects.

21

Local environment
impact identified.

No such serious environmental impact is anticipated.

22

Deforestation

Not directly relevant and hard to obtain.

23

Noise pollution

Normally, most of these micro-hydro are located a small
distance from main settlements and they don’t produce
excessive noise.

24

Availability of natural
energy resource

Hydro is naturally available energy source.

25

Daily operation service

This is project input (attribute).
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26

Reliance on local
resources

All micro-hydro projects use locally available resource
like water, construction materials and labours

27

Effective system for
complaints

This is project input (attribute)

28

Expert know-how

This is project input (attribute)

29

Share of staff and
management with
appropriate education.

This is project input (attribute)

30

Degree of local
ownership

This is project input (attribute)

31

Number of stakeholders

Most micro-hydro projects are not commercial and the
local community people are the only stakeholders.

32

Number of years in
business

Not appropriate in this research context. All sample
projects will be taken with certain years of operational
experience.

33

Logbook keeping

This is project input (attribute)
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9.5 Appendix 5.1 Evaluation of PLS-SEM path model

[295]

Initial path model

[296]

Step one: Evaluation of reflective measurement models

No reflective construct was used in the PLS-SEM path model.

Step two: Evaluation of formative measurement models

Multicollinearity statistics
CEF-1
CEF-4
CEF_2
CEF_3
ECO-SUS_1
ECO-SUS_2
ECO-SUS_3
ECO-SUS_4
ENV-SUS_1
ENV-SUS_2
ETS_1
ETS_2
ETS_3
FEU_1
FMP_1
FMP_2
FMP_4

Outer VIF
1.028
1.259
1.12
1.322
1.39
1.246
1.52
1.305
1.776
1.776
2.568
2.383
2.07
1
1.479
1.691
1.552
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FMP_5
FMP_6
INS-SUS_1
INS-SUS_2
INS-SUS_3
INS-SUS_4
INSA-SUS_5
KMT_1
KMT_2
OSP_1
OSP_2
OSP_4
PIS_1
PIS_4
PMT_1
PMT_4
PMT_5
PMT_6
POH_1
PPD_1
PPD_4
PUE_1
PUE_2
PUE_3
PUE_4
SOC-SUS_1
SOC-SUS_2
SOC-SUS_3
TBS_1

1.285
1.807
1.253
1.32
1.211
1.181
1.019
1.506
1.506
1.343
1.282
1.14
1.357
1.357
1.385
2.183
2.127
1.34
1
1.067
1.067
1.096
1.392
1.17
1.3
1.159
1.23
1.247
1
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TEC-SUS_3
2.461
TEC-SUS_4
2.542
TEC-SUS_5
1.628
Review: all values (outer VIF) are below the threshold of 3.3 or 5.0. So, no collinearity issues are identified.

Relative and absolute contributions and their significance
Original
Sample
(O)

Outer Weights
T
Statistics
P
(|O/STDEV|) Values

Outer Loadings
T
Original
Statistics
P
Sample (O) (|O/STDEV|) Values

CEF-1 -> CEF

0.306

2.128

0.033

0.445

2.313

0.021

CEF-4 -> CEF
CEF_2 -> CEF
CEF_3 -> CEF

0.201
0.432
0.561

0.911
2.981
2.952

0.362
0.003
0.003

0.566
0.685
0.809

3.444
5.295
8.109

0.001
0
0

ECO-SUS_1 ->
SUS
ECO-SUS_2 ->
SUS
ECO-SUS_3 ->
SUS
ECO-SUS_4 ->
SUS
ENV-SUS_1 ->
SUS
ENV-SUS_2 ->
SUS
ETS_1 -> ETS

ECO0.074

0.55

0.583

0.548

4.634

0

0.232

2.445

0.015

0.588

6.147

0

0.652

6.421

0

0.886

20.082

0

0.352

3.262

0.001

0.696

8.687

0

0.768

5.968

0

0.973

33.425

0

0.309
0.729

2.061
3.179

0.039
0.001

0.817
0.969

10.689
18.531

0
0

ECOECOECOENVENV-

[299]

Outer loading below
0.5.
Outer weight not
significant.

Outer weight is too
low and not
significant.

ETS_2 -> ETS

0.374

1.54

0.124

0.876

11.318

0

ETS_3 -> ETS
FEU_1 -> FEU
FMP_1 -> FMP
FMP_2 -> FMP
FMP_4 -> FMP
FMP_5 -> FMP
FMP_6 -> FMP
INS-SUS_1 ->
SUS
INS-SUS_2 ->
SUS
INS-SUS_3 ->
SUS
INS-SUS_4 ->
SUS

-0.05
1
0.376
0.223
0.287
0.155
0.329

0.2

0.841

5.227

0

3.064
2.058
2.509
1.802
2.96

0.002
0.04
0.012
0.072
0.003

0.692
1
0.768
0.749
0.701
0.499
0.809

9.575
10.325
9.142
5.491
12.262

0
0
0
0
0

0.217

2.429

0.015

0.591

7.716

0

0.56

5.721

0

0.841

14.324

0

0.342

4.133

0

0.643

8.685

0

0.289

3.091

0.002

0.61

6.529

0

INSINSINSINS-

INS-SUS_5 -> INSSUS
KMT_1
KMT_2
OSP_1
OSP_2
OSP_4
PIS_1
PIS_4
PMT_1
PMT_4
PMT_5

->
->
->
->
->
->
->
->
->
->

KMT
KMT
OSP
OSP
OSP
PIS
PIS
PMT
PMT
PMT

Outer weight not
significant.
Negative Outer
weight.

0.057

0.742

0.458

0.082

0.743

0.458

-0.064
1.035
0.373
0.402
0.558
0.713
0.425
0.377
0.088
0.432

0.308
8.999
2.242
2.42
4.206
4.926
2.485
3.679
0.511
2.42

0.758
0
0.025
0.016
0
0
0.013
0
0.609
0.016

0.537
0.999
0.739
0.715
0.784
0.931
0.791
0.727
0.76
0.855

3.683
45.392
6.412
6.198
8.558
15.369
7.915
8.854
9.877
13.498

0
0
0
0
0
0
0
0
0
0
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Outer weight and
loading are too
low.
Negative outer
weight.

Low outer weight.

PMT_6
POH_1
PPD_1
PPD_4
PUE_1
PUE_2
PUE_3

->
->
->
->
->
->
->

PMT
POH
PPD
PPD
PEU
PEU
PEU

0.399
1
0.491
0.757
0.632
0.197
0.395

2.466

0.014

2.989
6.128
6.028
1.764
2.957

0.003
0
0
0.078
0.003

0.727
1
0.68
0.88
0.789
0.578
0.595

5.423

0

5.089
10.157
10.204
5.858
4.935

0
0
0
0
0

Not significant
PUE_4 -> PEU
0.255
1.82
0.069
0.595
4.747
0
outer weight.
SOC-SUS_1 -> SOCSUS
0.15
2.091
0.037
0.496
6.467
0
SOC-SUS_2 -> SOCSUS
0.517
6.031
0
0.798
13.187
0
SOC-SUS_3 -> SOCSUS
0.602
7.099
0
0.852
18.14
0
TBS_1 <- TBS
1
1
TEC-SUS_3 -> TECSUS
0.523
2.926
0.003
0.809
12.329
0
TEC-SUS_4 -> TECNegative outer
SUS
-0.186
1.048
0.295
0.649
6.372
0
weight.
TEC-SUS_5 -> TECSUS
0.746
7.007
0
0.935
20.646
0
Review: This evaluation confirms a total of 10 unqualified formative indicators (highlighted) in the model. They were evaluated based on the weight,
loading and level of significance. Further, theoretical relevance of each of the corresponding constructs was also reviewed. Finally, all the irrelevant
formative indicators were removed.

Final path model
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9.6 Appendix 5.2 Evaluation of alternative PLS-SEM path model
with reflective endogenous constructs

[303]

Initial path model
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Step one: Evaluation of reflective measurement models
1.1 Internal consistency reliability
Composite Reliability (CR)
ECO-SUS

0.801

ENV-SUS

0.907

INS-SUS

0.716

SOC-SUS

0.787

TEC-SUS

0.903

Comment: all the CR values are equal or above 0.7, so internal consistency reliability is supported.

1.2 Indicator reliability
ECO-SUS
ECO-SUS_1
ECO-SUS_2
ECO-SUS_3
ECO-SUS_4
ENV-SUS_1
ENV-SUS_2
INS-SUS_1
INS-SUS_2
INS-SUS_3
INS-SUS_4
IND-SUS_5
SOC-SUS_1
SOC-SUS_2

ENV-SUS

INS-SUS

SOC-SUS

TEC-SUS

0.671
0.631
0.815
0.711
0.927
0.895
0.662
0.788
0.664
0.613
0.073
0.624
0.789
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0.807

SOC-SUS_3

0.882
0.874
0.854

TEC-SUS_3
TEC-SUS_4
TEC-SUS_5

Comment: all indicators with loadings >0.6 are accepted. However, the indicator (INS-SUS_5) does not meet this requirement.

1.3 Convergent validity
Average Variance Extracted
(AVE)
ECO-SUS

0.504

ENV-SUS

0.829

INS-SUS

0.376

SOC-SUS

0.555

TEC-SUS

0.757

Comment: the AVE values for four reflective constructs are found to be above the threshold of 0.5. INS-SUS is not supported.

1.4 Fornell-Lareker criterion
CEF

ECOSUS

ENVSUS

ETS

FEU

FMP

INSSUS

KMT

OSP

CEF
ECO-SUS

0.37

0.71

ENV-SUS

0.14

0.36

0.91
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PEU

PIS

PMT

POH

PPD

SOCSUS

TBS

TECSUS

ETS

0.15

0.19

0.20

FEU

0.25

0.21

0.26

-0.01

FMP

0.34

0.28

0.21

0.34

0.12

INS-SUS

0.30

0.36

0.30

0.37

0.13

0.73

0.61

KMT

0.25

0.43

0.24

0.29

0.28

0.26

0.32

OSP

0.22

0.25

0.23

0.41

0.00

0.50

0.47

0.19

PEU

0.50

0.54

0.30

0.23

0.34

0.41

0.41

0.49

0.32

PIS

0.37

0.24

0.16

0.37

0.38

0.41

0.38

0.37

0.25

0.39

PMT

0.26

0.27

0.17

0.31

0.15

0.63

0.59

0.39

0.51

0.45

0.34

POH

0.22

0.49

0.36

0.21

0.26

0.33

0.36

0.36

0.23

0.44

0.31

0.33

PPD

0.11

0.18

0.22

0.24

0.11

0.40

0.36

0.15

0.36

0.26

0.26

0.30

0.23

SOC-SUS

0.41

0.61

0.49

0.18

0.47

0.26

0.31

0.43

0.23

0.62

0.29

0.27

0.49

0.17

0.75

TBS

0.15

0.21

0.27

0.16

0.36

0.13

0.16

0.23

0.13

0.26

0.21

0.13

0.27

0.05

0.36

1.00

TEC-SUS

0.18

0.20

0.27

0.41

0.24

0.54

0.49

0.30

0.46

0.24

0.46

0.43

0.35

0.38

0.17

0.26

0.87

Comment: all the values meet the criterion. However, one value (SOC-SUS – ECO-SUS) in the table is found to be relatively higher.
Therefore, it will be considered for the next level of evaluation.

1.5 Cross loadings
CEF

ECOSUS

ENVSUS

ETS

FEU

FMP

INSSUS

KMT

OSP

PEU

PIS

PMT

POH

PPD

SOCSUS

TBS

TECSUS

CEF-1

0.42

0.16

0.00

0.06

0.11

0.20

0.23

0.15

0.10

0.26

0.20

0.10

0.16

0.06

0.17

0.12

0.20

CEF-4

0.58

0.12

0.10

0.01

0.09

0.07

0.07

0.05

-0.04

0.25

0.09

0.08

0.09

-0.13

0.24

0.05

-0.17

CEF_2

0.69

0.28

0.13

0.05

0.16

0.19

0.22

0.18

0.15

0.34

0.18

0.18

0.14

0.09

0.28

0.11

0.13

CEF_3
ECOSUS_1

0.81

0.31

0.11

0.19

0.22

0.34

0.22

0.22

0.25

0.41

0.38

0.24

0.17

0.16

0.33

0.10

0.20

0.19

0.67

0.23

0.21

0.12

0.13

0.22

0.31

0.10

0.40

0.12

0.12

0.26

0.12

0.31

0.05

0.15
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ECOSUS_2
ECOSUS_3
ECOSUS_4
ENVSUS_1
ENVSUS_2

0.20

0.63

0.19

-0.02

0.16

0.12

0.18

0.27

0.08

0.28

0.09

0.12

0.27

0.00

0.41

0.15

0.05

0.39

0.82

0.32

0.24

0.23

0.29

0.32

0.40

0.28

0.50

0.32

0.26

0.39

0.16

0.52

0.22

0.24

0.23

0.71

0.27

0.07

0.06

0.22

0.28

0.24

0.20

0.33

0.10

0.23

0.47

0.22

0.46

0.14

0.11

0.13

0.32

0.93

0.12

0.25

0.17

0.26

0.20

0.21

0.25

0.12

0.14

0.28

0.20

0.48

0.25

0.18

0.13

0.34

0.90

0.26

0.23

0.21

0.29

0.24

0.21

0.30

0.18

0.16

0.39

0.20

0.40

0.25

0.33

ETS_1

0.13

0.17

0.20

0.96

-0.04

0.30

0.36

0.26

0.40

0.19

0.35

0.31

0.21

0.24

0.15

0.16

0.40

ETS_2

0.12

0.17

0.17

0.89

0.05

0.33

0.31

0.27

0.34

0.24

0.33

0.25

0.17

0.21

0.19

0.13

0.37

ETS_3

0.26

0.18

0.14

0.75

0.04

0.29

0.31

0.28

0.40

0.29

0.33

0.29

0.20

0.16

0.21

0.07

0.31

FEU_1

0.25

0.21

0.26

-0.01

1.00

0.12

0.13

0.28

0.00

0.34

0.38

0.15

0.26

0.11

0.47

0.36

0.24

FMP_1

0.23

0.18

0.12

0.21

0.02

0.75

0.55

0.16

0.34

0.28

0.21

0.56

0.23

0.26

0.21

0.05

0.27

FMP_2

0.15

0.10

0.12

0.13

-0.02

0.75

0.55

0.10

0.35

0.18

0.21

0.42

0.19

0.26

0.11

-0.03

0.40

FMP_4

0.19

0.24

0.22

0.32

0.17

0.70

0.51

0.28

0.32

0.34

0.45

0.44

0.28

0.33

0.19

0.22

0.52

FMP_5

0.32

0.25

0.20

0.23

0.23

0.53

0.39

0.26

0.31

0.36

0.43

0.34

0.30

0.29

0.24

0.29

0.39

FMP_6
INSSUS_1
INSSUS_2
INSSUS_3
INSSUS_4
INSASUS_5

0.35

0.24

0.12

0.30

0.07

0.81

0.59

0.15

0.45

0.32

0.23

0.45

0.20

0.30

0.19

0.02

0.41

0.39

0.35

0.23

0.18

0.15

0.48

0.66

0.19

0.26

0.44

0.15

0.36

0.26

0.22

0.36

0.21

0.25

0.17

0.21

0.15

0.25

0.18

0.67

0.79

0.20

0.31

0.32

0.24

0.52

0.28

0.29

0.22

0.09

0.36

0.26

0.28

0.24

0.30

0.11

0.41

0.66

0.33

0.42

0.27

0.47

0.41

0.25

0.21

0.22

0.19

0.40

0.00

0.14

0.23

0.25

-0.16

0.41

0.61

0.14

0.30

0.07

0.20

0.29

0.20

0.27

0.00

-0.05

0.32

0.22

0.17

0.05

0.20

0.11

0.00

0.07

0.15

0.05

0.16

-0.01

0.10

0.01

-0.03

0.22

0.06

0.10

KMT_1

0.31

0.25

0.18

0.32

0.12

0.27

0.27

0.54

0.21

0.41

0.31

0.35

0.15

0.15

0.23

0.13

0.23

KMT_2

0.26

0.43

0.25

0.30

0.28

0.27

0.32

1.00

0.20

0.50

0.38

0.40

0.35

0.15

0.43

0.23

0.30

OSP_1

0.17

0.24

0.18

0.35

0.03

0.34

0.30

0.16

0.74

0.25

0.27

0.43

0.15

0.21

0.25

0.16

0.34

OSP_2

0.07

0.06

0.18

0.27

-0.01

0.40

0.33

0.08

0.73

0.13

0.19

0.37

0.20

0.23

0.09

0.11

0.34

OSP_4

0.25

0.24

0.16

0.31

-0.02

0.38

0.41

0.18

0.77

0.32

0.13

0.36

0.17

0.35

0.17

0.04

0.35

PIS_1

0.34

0.21

0.13

0.32

0.39

0.38

0.39

0.38

0.23

0.38

0.95

0.35

0.25

0.25

0.22

0.21

0.43
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PIS_4

0.30

0.22

0.17

0.33

0.23

0.32

0.24

0.23

0.19

0.29

0.76

0.20

0.31

0.19

0.33

0.13

0.35

PMT_1

0.26

0.29

0.18

0.18

0.13

0.45

0.45

0.36

0.38

0.38

0.28

0.75

0.30

0.16

0.24

0.13

0.29

PMT_4

0.21

0.19

0.16

0.31

0.20

0.50

0.45

0.30

0.35

0.38

0.42

0.76

0.26

0.24

0.22

0.14

0.36

PMT_5

0.19

0.20

0.17

0.39

0.11

0.56

0.51

0.36

0.49

0.38

0.34

0.85

0.32

0.35

0.21

0.14

0.44

PMT_6

0.15

0.12

0.02

0.12

0.08

0.44

0.42

0.17

0.32

0.26

0.11

0.70

0.12

0.18

0.16

0.02

0.24

POH_1

0.22

0.49

0.36

0.21

0.26

0.33

0.36

0.36

0.23

0.44

0.31

0.33

1.00

0.23

0.49

0.27

0.35

PPD_1

0.08

0.05

0.15

0.14

0.12

0.30

0.22

0.09

0.27

0.17

0.29

0.21

0.03

0.70

0.13

0.06

0.27

PPD_4

0.10

0.21

0.19

0.23

0.07

0.33

0.33

0.14

0.30

0.24

0.16

0.26

0.29

0.87

0.14

0.03

0.33

PUE_1

0.28

0.42

0.20

0.06

0.14

0.19

0.22

0.21

0.17

0.78

0.12

0.20

0.34

0.24

0.46

0.16

0.02

PUE_2

0.29

0.33

0.19

0.23

0.29

0.31

0.33

0.57

0.25

0.61

0.40

0.46

0.21

0.13

0.35

0.14

0.26

PUE_3

0.49

0.30

0.26

0.32

0.36

0.33

0.33

0.39

0.19

0.56

0.51

0.26

0.25

0.15

0.42

0.31

0.36

PUE_4
SOCSUS_1
SOCSUS_2
SOCSUS_3

0.32

0.34

0.15

0.10

0.21

0.36

0.29

0.31

0.30

0.64

0.19

0.43

0.32

0.13

0.40

0.06

0.15

0.16

0.30

0.25

0.16

0.23

0.11

0.14

0.27

0.14

0.43

0.09

0.22

0.27

0.07

0.62

0.26

0.13

0.29

0.38

0.54

0.07

0.44

0.15

0.22

0.31

0.15

0.44

0.17

0.18

0.41

0.15

0.79

0.29

0.11

0.41

0.64

0.28

0.18

0.35

0.29

0.29

0.36

0.20

0.53

0.34

0.22

0.39

0.14

0.81

0.26

0.15

TBS_1
TECSUS_3
TECSUS_4
TECSUS_5

0.15

0.21

0.27

0.16

0.36

0.13

0.16

0.23

0.13

0.26

0.21

0.13

0.27

0.05

0.36

1.00

0.26

0.17

0.19

0.25

0.41

0.27

0.43

0.42

0.29

0.34

0.27

0.42

0.39

0.38

0.31

0.23

0.28

0.88

0.11

0.12

0.23

0.29

0.23

0.37

0.35

0.30

0.37

0.18

0.34

0.30

0.30

0.22

0.17

0.30

0.87

0.18

0.21

0.23

0.37

0.13

0.57

0.49

0.20

0.48

0.18

0.42

0.40

0.25

0.42

0.07

0.14

0.85

Comment: the cross loading evaluation identifies two suspicious indicator. All other indicator loadings (reflective, highlighted) are higher than
all of their cross loadings. The unusual indicators are considered for further review.

1.6 Heterotrait - Monotrait Ration (HTMT)
ECO-SUS

ENV-SUS

FEU

INS-SUS

POH

SOC-SUS
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TBS

TEC-SUS

ECO-SUS
ENV-SUS
FEU
INS-SUS
POH
SOC-SUS
TBS
TEC-SUS

0.488
0.242
0.62
0.594
0.909
0.241
0.249

0.293
0.465 0.324
0.412 0.263
0.683
0.58
0.306
0.36
0.339 0.265

0.452
0.604 0.613
0.266
0.27
0.689 0.385

0.462
0.267 0.296

Review: all values should be lower than 0.9. One value is on the border line.

Step two: Evaluation of formative measurement models
2.1 Multicollinearity statistics
CEF-1
CEF-4
CEF_2
CEF_3
ECO-SUS_1
ECO-SUS_2
ECO-SUS_3

Outer VIF
1.028
1.259
1.120
1.322
1.390
1.246
1.520
[310]

ECO-SUS_4
ENV-SUS_1
ENV-SUS_2
ETS_1
ETS_2
ETS_3
FEU_1
FMP_1
FMP_2
FMP_4
FMP_5
FMP_6
INS-SUS_1
INS-SUS_2
INS-SUS_3
INS-SUS_4
KMT_1
KMT_2
OSP_1
OSP_2
OSP_4
PIS_1
PIS_4
PMT_1
PMT_4
PMT_5
PMT_6
POH_1
PPD_1

1.305
1.776
1.776
2.568
2.383
2.07
1
1.479
1.691
1.552
1.285
1.807
1.244
1.317
1.196
1.181
1.506
1.506
1.343
1.282
1.140
1.357
1.357
1.385
2.183
2.127
1.340
1
1.067
[311]

PPD_4
PUE_1
PUE_2
PUE_3
PUE_4
SOC-SUS_1
SOC-SUS_2
SOC-SUS_3
TBS_1
TEC-SUS_3
TEC-SUS_4
TEC-SUS_5

1.067
1.096
1.392
1.170
1.300
1.159
1.230
1.247
1
2.461
2.542
1.628

Review: all values (outer VIF) are below the threshold of 3.3 or 5.0. So, no collinearity issues are identified.

2.2 Relative and absolute contributions and their significance
Outer Weights
T Statistics
(|O/STDEV|)
CEF-1
CEF-4
CEF_2
CEF_3
ECO-SUS_1

0.282
0.223
0.445
0.548
0.294

1.834
0.997
3.156
2.829
5.737

Outer Loadings
T
Statistics
P
(|O/STDEV|) Values

P
Values
0.067
0.319
0.002
0.005
0

0.424
0.582
0.694
0.807
0.671
[312]

2.053
3.588
5.527
7.807
9.388

Not significant,
outer loading below
0.04 0.5.
0 Not significant
0
0
0

ECO-SUS_2
ECO-SUS_3
ECO-SUS_4
ENV-SUS_1
ENV-SUS_2
ETS_1
ETS_2

0.304
0.444
0.35
0.596
0.501
0.648
0.364

7.91
12.055
8.924
15.282
16.25
2.622
1.376

0
0
0
0
0
0.009
0.169

0.631
0.815
0.711
0.927
0.895
0.963
0.885

7.86
29.256
13.954
63.686
28.552
16.798
10.799

ETS_3
FEU_1
FMP_1
FMP_2
FMP_4
FMP_5
FMP_6
INS-SUS_1
INS-SUS_2
INS-SUS_3
INS-SUS_4
KMT_1
KMT_2
OSP_1
OSP_2
OSP_4
PIS_1
PIS_4
PMT_1

0.072
1
0.34
0.252
0.274
0.196
0.321
0.323
0.457
0.354
0.31
-0.062
1.035
0.374
0.427
0.534
0.761
0.367
0.408

0.268

0.789

5.877

3.215
2.599
2.543
2.699
2.949
8.777
11.464
9.273
7.32
0.295
8.751
2.199
2.781
3.809
5.759
2.254
3.917

0.001
0.009
0.011
0.007
0.003
0
0
0
0
0.768
0
0.028
0.006
0
0
0.024
0

0.752
1
0.748
0.761
0.705
0.53
0.802
0.659
0.787
0.67
0.615
0.537
0.999
0.744
0.734
0.766
0.949
0.757
0.751

10.758
11.835
9.768
6.778
12.492
11.809
20.589
12.268
8.064
3.586
46.247
6.377
6.976
7.801
19.459
7.472
9.391

0.095

0.538

0.591

0.762

9.831

PMT_4

[313]

0
0
0
0
0
0
0 Not significant.
Very low weight, not

0 significant.

0
0
0
0
0
0
0
0
0
0 Negative outer weight
0
0
0
0
0
0
0
Low outer weight, not
0 significant.

PMT_5
PMT_6
POH_1
PPD_1
PPD_4
PUE_1
PUE_2
PUE_3
PUE_4
SOC-SUS_1
SOC-SUS_2
SOC-SUS_3
TBS_1
TEC-SUS_3
TEC-SUS_4
TEC-SUS_5

0.428
0.363
1
0.51
0.742
0.613
0.233
0.339
0.297
0.312
0.495
0.514
1
0.387
0.318
0.445

2.406
2.25

0.016
0.025

2.923
5.353
5.957
2.208
2.663
2.248
8.48
14.915
14.46

0.004
0
0
0.027
0.008
0.025
0
0
0

17.152
13.536
14.595

0
0
0

0.856
0.702
1
0.696
0.869
0.783
0.608
0.558
0.637
0.624
0.789
0.807
1
0.882
0.873
0.855

13.689
5.194

0
0

5.034
8.868
10.6
6.491
4.599
5.494
10.038
25.08
33.869

0
0
0
0
0
0
0
0
0

46.513
34.631
42.513

0
0
0

Review:
This evaluation confirms a total of six unqualified formative indicators in the model. They were evaluated based on the weight, loading and
level of significance. Further, theoretical relevance of each of the corresponding constructs was also reviewed. Finally, all the irrelevant
formative indicators were removed.

Step three: Evaluation of structural model
3.1 Multicollinearity statistics
Multicollinearity statics (Inner VIF)

ECO-SUS
CEF

ENV-SUS

INS-SUS

SOC-SUS
1.118

TEC-SUS

[314]

ETS
FEU
FMP
INS-SUS
KMT
OSP
PEU
PIS
PMT
POH
PPD
SOC-SUS
TBS
TEC-SUS

1.311
1.257
1.646
1.489
1.24
1.452
1.685
1.267
1.646
1.222
1.236
1.637

1
1.204

1.063

Review: The inner VIF values of the model (structural model) are below the recommended threshold (3.0 or 5.0). This implies that the
structural model has no collinearity issues.
3.2 Hypothesis test
Path coefficients and their significance

CEF -> SOC-SUS
ETS -> TEC-SUS
FEU -> SOC-SUS
FMP -> INS-SUS
INS-SUS -> TEC-SUS
KMT -> SOC-SUS

Original
Sample (O)
0.203
0.126
0.247
0.595
0.204
0.175

Sample Mean
(M)
0.222
0.121
0.245
0.604
0.206
0.168

Standard
Deviation
(STDEV)
0.063
0.076
0.053
0.062
0.073
0.06
[315]

T Statistics
(|O/STDEV|)
3.226
1.665
4.676
9.639
2.799
2.918

Results

P Values
0.001
0.096
0
0
0.005
0.004

Supported
Not supported
Supported
Supported
Supported
Supported

OSP -> TEC-SUS
PEU -> ECO-SUS
PIS -> TEC-SUS
PMT -> INS-SUS
POH -> SOC-SUS
PPD -> TEC-SUS
SOC-SUS -> ECO-SUS
SOC-SUS -> ENV-SUS
TBS -> SOC-SUS
TEC-SUS -> ECO-SUS

0.201
0.248
0.248
0.216
0.286
0.14
0.44
0.488
0.123
0.068

0.211
0.271
0.249
0.223
0.287
0.147
0.433
0.49
0.12
0.066

0.072
0.073
0.057
0.074
0.056
0.068
0.076
0.057
0.062
0.059

2.817
3.386
4.369
2.918
5.08
2.058
5.832
8.59
1.978
1.142

0.005
0.001
0
0.004
0
0.04
0
0
0.048
0.254

Supported
Supported
Supported
Supported
Supported
Supported
Supported
Supported
Supported
Not supported

Review: The evaluation of the path coefficient and significance confirms two not supported cases. The ETS had already lost its contributing
indicators in the previous evaluation, therefore it was not significant. The non-significant contribution of technical sustainability towards the
economic sustainability is discussed further in the discussion chapter.

3.3 R2 Values

ECO-SUS
ENV-SUS
INS-SUS
SOC-SUS
TEC-SUS

Original
Standard
T
Sample
Sample
Deviation
Statistics
P
(O)
Mean (M)
(STDEV)
(|O/STDEV|) Values
0.414
0.438
0.049
8.384
0
0.239
0.243
0.055
4.334
0
0.562
0.589
0.044
12.75
0
0.449
0.47
0.054
8.285
0
0.409
0.437
0.052
7.899
0

[316]

Review: All the R2 values are significant at level <0.05.

3.4 Total Effect

CEF -> ECO-SUS
CEF -> ENV-SUS
CEF -> SOC-SUS
ETS -> ECO-SUS
ETS -> TEC-SUS
FEU -> ECO-SUS
FEU -> ENV-SUS
FEU -> SOC-SUS
FMP -> ECO-SUS
FMP -> INS-SUS
FMP -> TEC-SUS
INS-SUS -> ECO-SUS
INS-SUS -> TEC-SUS
KMT -> ECO-SUS
KMT -> ENV-SUS
KMT -> SOC-SUS
OSP -> ECO-SUS
OSP -> TEC-SUS
PEU -> ECO-SUS
PIS -> ECO-SUS

Original
Sample (O)
0.09
0.099
0.203
0.009
0.126
0.109
0.121
0.247
0.008
0.595
0.122
0.014
0.204
0.077
0.085
0.175
0.014
0.201
0.248
0.017

Sample Mean
(M)
0.096
0.108
0.222
0.008
0.121
0.106
0.12
0.245
0.009
0.604
0.125
0.014
0.206
0.073
0.082
0.168
0.014
0.211
0.271
0.016

Standard
Deviation
(STDEV)
0.034
0.033
0.063
0.01
0.076
0.028
0.03
0.053
0.009
0.062
0.048
0.014
0.073
0.03
0.031
0.06
0.014
0.072
0.073
0.015
[317]

T
Statistics
(|O/STDEV|)
2.665
2.989
3.226
0.888
1.665
3.898
3.967
4.676
0.906
9.639
2.546
0.957
2.799
2.545
2.777
2.918
0.984
2.817
3.386
1.085

P Values
0.008
0.003
0.001
0.375
0.096
0
0
0
0.365
0
0.011
0.339
0.005
0.011
0.006
0.004
0.325
0.005
0.001
0.278

PIS -> TEC-SUS
PMT -> ECO-SUS
PMT -> INS-SUS
PMT -> TEC-SUS
POH -> ECO-SUS
POH -> ENV-SUS
POH -> SOC-SUS
PPD -> ECO-SUS
PPD -> TEC-SUS
SOC-SUS -> ECO-SUS
SOC-SUS -> ENV-SUS
TBS -> ECO-SUS
TBS -> ENV-SUS
TBS -> SOC-SUS
TEC-SUS -> ECO-SUS

0.248
0.003
0.216
0.044
0.126
0.14
0.286
0.009
0.14
0.44
0.488
0.054
0.06
0.123
0.068

0.249
0.003
0.223
0.046
0.125
0.141
0.287
0.01
0.147
0.433
0.49
0.052
0.06
0.12
0.066

0.057
0.003
0.074
0.022
0.035
0.033
0.056
0.011
0.068
0.076
0.057
0.029
0.033
0.062
0.059

4.369
0.884
2.918
2.001
3.611
4.281
5.08
0.89
2.058
5.832
8.59
1.848
1.84
1.978
1.142

0
0.377
0.004
0.046
0
0
0
0.373
0.04
0
0
0.065
0.066
0.048
0.254

Review: Nine relationships are not supported. Two of them are direct effect and the remaining seven were indirect effects.

3.5 Effect size

ECO-SUS
CEF
ETS
FEU
FMP

Effect Size (f2)
ENV-SUS
INS-SUS

SOC-SUS
0.067

TEC-SUS
0.021

0.088
0.491
[318]

INS-SUS
KMT
OSP
PEU
PIS
PMT
POH
PPD
SOC-SUS
TBS
TEC-SUS

0.047
0.045
0.047
0.062
0.082
0.065
0.122
0.027
0.202

0.313
0.023

0.007

Review: One value is below the lower limit of 0.02.

3.6 Predictive relevance (Q2 values)

CEF
ECO-SUS
ENV-SUS
ETS
FEU
FMP
INS-SUS
KMT

SSO
350
700
350
175
175
875
700
175

Q2 values
SSE
350
566.478
285.313
175
175
875
537.574
175

Q² (=1-SSE/SSO)
0.191
0.185

0.232

[319]

OSP
PEU
PIS
PMT
POH
PPD
SOC-SUS
TBS
TEC-SUS

525
700
350
525
175
350
525
175
525

525
700
350
525
175
350
403.83
175
380.429

0.231
0.275

Review: All Q2 values are above the threshold of 0.0.

[320]

[321]

