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Abstract 

Energy access still remains an important priority for many countries in the world, especially for 

countries in the Global South. While policy makers and national efforts push towards achieving 

universal access to electricity, many face challenges in reaching the last mile. Community living 

on islands and remotes areas makes grid-extension more difficult and costly, which calls for off-

grid electrification approaches. Mini-grids have emerged as a viable option in expanding access 

to electricity. Special attention is given to the cost-competitiveness of renewable energy mini-

grids with declining costs of PV and ESS technologies. 

Mini-grids are not new and they have been studied from different perspectives. But large number 

of literatures have been focused on the technical and financial with insufficient focus on the social 

aspects. The aim and contribution of this research is therefore structured around the notion of 

understanding the social fabric in which mini-grids are embedded in, includes looking at the local 

context, social practices, institutional arrangements and other social elements in the setting. 

Specifically focusing on the governance and management aspects from a successful mini-grid 

case study. 

A community-based mini-grid on Koh Jik Island in was used as the subject of this empirical 

research, with the objective to find the most important factors that contribute to successful 

governance of mini-grids. It was found that are three important aspects that contributed to the 

successful governance of mini-grid; Local involvement & ownership, organization structure & 

responsibility and creation & enforcement of rule. It was also found that tariff, metering and billing 

systems have several implications towards the long-term operational success of mini-grids.  

 

Keywords: Mini-grid, rural electrification, governance, management, community-based, island 

electrification, tariff, prepayment metering & billing 
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Introduction 
Access to modern energy is closely linked to the economic growth of a country and a key enabler 

of development at a household and community level (IEA, 2017a). The lack of electricity access 

are linked to disparities in regional development within a country and increased rural to urban 

migration (Williams, Jaramillo, Taneja, & Selim, 2015). Nations therefore strive to increase their 

population’s access to electricity. On a global level, it is estimated there are 1.1 billion people 

(14%) without access to electricity, as of 2016 (IEA, 2017a). Despite the fact that significant 

progress has been made, the problem of rural electrification will be a long-standing one, especially 

with the view to developments in the Global South. Sub-Saharan Africa and Asia are main regions 

of focus with lowest access to electricity rates (IEA, 2017a). Scoping down into emerging regions 

in the world, Southeast Asia has been attracting attention due to it being one of the fastest growing 

regions, in terms of economic and energy demand. In spite of its growth, the region still has pre-

existing problem that around 10% of its population do not have access to electricity, 65 million out 

of nearly 640 million, with differing electrification rates between nations in Southeast Asia (IEA, 

2017a). The region’s route to universal access is challenging due to having large numbers of the 

population living in island communities or remote areas (IEA, 2017b). 

In tackling electrification of rural areas, grid extension has been (and still is) the most prominent 

solution for rural electrification with 97% of new connections are done through grid extension over 

the past two decades (IEA, 2017a). Grid extension has proved to be the most effective solution to 

electrify the masses. But as a country achieves higher electrification rate, the rate of increase 

tends to slow down due to the fact that grid extensions become more costly and unfeasible for 

remote areas where population numbers are low and are dispersed (ARE, 2014; Mandelli, Barbieri, 

Mereu, & Colombo, 2016). By definition remote areas are generally hard to reach, located in 

challenging geographical conditions for grid extensions, communities living on island and 

mountainous areas are two examples. The challenge in which electrifying the last few 

(percentages of the population) is hardest and costliest is often referred to as the ‘last mile 

problem’ (Chakravorty, Emerick, & Ravago, 2016). The last mile problem can also be present in 

countries that have reached significantly high electricity access rates. Although Thailand has an 

electrification rate of more than 99%, it is an example of a country that has experienced difficulties 
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in reaching the last mile with grid extension. Despite the fact that Thailand has much fewer islands 

in relation to their ASEAN neighbours of Indonesia and Philippines, achieving universal access for 

the nation is still an on-going process. 

As an alternative to grid extensions, off-grid renewable energy solutions have emerged as a 

“mainstream, cost competitive option to expand access to electricity” (IRENA, 2019, p.5). Off-grid 

solutions, stand-alone systems and mini-grid, grew six-fold between 2011-2016 (IRENA, 2019). It 

is expected that mini-grids will play a larger role in increasing electricity access, where it was 

estimated by the International Energy Agency (IEA) that approximately 30% of new connections 

will be met by microgrids (IEA, 2017b). In comparison to other rural electrification strategies, mini-

grids are said to have its own space where they are the most viable option, compared to grid 

extension and stand-alone systems (i.e. solar home systems), this is called the mini-grid space 

(Franz, Peterschmidt, Rohrer, & Kondev, 2014). The reason why renewable mini-grids are growing 

is due to declining costs of technology. Given recent developments in solar photovoltaics (PV) 

and decreasing energy storage system (ESS) costs, the case for renewable energy mini-grids are 

significantly improved (IRENA, 2015), expanding the coverage of the mini-grid space. Many of the 

people in rural areas without access to electricity are relying on costly and polluting diesel 

generators to meet their demands (IEA, 2017a). In most cases, renewable energy mini-grids have 

already proven to be a cost-effective replacement to diesel generators, or can be hybridized with 

existing diesel grids (IRENA, 2019). Mini-grids are particularly relevant to the increase energy 

access for island communities and remote areas. 

Mini-grids are not new and they have been extensively studied. The majority of the research on 

mini-grid has been focusing on techno-economic studies mainly using quantitative methods to 

prove mini-grids financial viability (Bhattacharyya, Palit, Sarangi, Srivastava, & Sharma, 2019; 

Mandelli, Barbieri, et al., 2016), with numerous studies on technical optimization (Mandelli, Brivio, 

Colombo, & Merlo, 2016; Peerapong & Limmeechokchai, 2017; Phuangpornpitak & Kumar, 2009; 

Sereepaowong, 2005). However, various literature call for research that goes beyond the 

technical and financial viability (Gollwitzer, Ockwell, Muok, Ely, & Ahlborg, 2018; Ulsrud, 

Rohracher, Winther, Muchunku, & Palit, 2018), since technical and financial aspects alone are not 

able ensure the long-term success of mini-grid projects. As framed by Wolsink (2014), 

“Establishing micro-grids in rural areas is much more an issue of social construction than 

technological issues”. Thus, why literatures are drawn to study mini-grid as a socio-technical 

system in order to understand it as a technology that is embedded in a broader societal structure 

with social, cultural and political dimensions (Pedersen, 2017). 

Through review of literature, two areas emerge as a research gap; as represent by the following 

conclusions 1) there is insufficient focus on socio-cultural and political dimensions in energy 

access literature (Gollwitzer et al., 2018) and 2) number of literatures on hybrid mini-grid case 

studies is really low, likely due to small numbers of systems in operation (Mandelli, Barbieri, et al., 

2016). Only a handful of literatures have been conducting empirical qualitative research on mini-

grid case studies as a socio-technical system. (Gollwitzer et al., 2018; Kumar, 2019; Ulsrud, 

Winther, Palit, & Rohracher, 2015; Ulsrud, Winther, Palit, Rohracher, & Sandgren, 2011). The aim 

and contribution of this research is therefore structured around the notion of understanding the 

“social fabric” (Ulsrud et al., 2011) in which mini-grids are embedded in, this includes looking at 
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the local context, social practices, institutional arrangements and other social elements in the 

setting. Specifically focusing on the governance and management aspects from successful mini-

grid case study. 

This research aims to answer the following research question: 

“What are the most important factors that contribute to successful governance 

of mini-grids?” 

To help answer the overarching research questions two sub-questions are formulated: 

1. Which aspects are most important in mini-grid governance? 

2. Which factors are most significant in the design of tariff, metering and 

billing systems? And what are the social implications of implementing 

different systems? 

In order to answer these research questions, the researcher conducts qualitative empirical 

fieldwork in combination of literature review in order to induce answers to the research questions. 

Findings from this case study provide insights to governance can be organized and structured in 

other mini-grids with similar context. In addition, empirical findings hope to provide further 

implications towards national policies and towards the broader scope of mini-grid deployment in 

developing countries. 

Thesis Outline 

The structure of this thesis is explained in this section.  

Chapter 2 presents the overall research design and methodologies that were employed in order 

to answer the research questions. The chapter emphasizes on the overall research framework, 

the methodology for gathering of empirical data and analysis of empirical data. 

Chapter 3 provides the literature review to get better overview with regards to studies in the field 

of energy access, mini-grid electrification and socio-technical studies. Literatures are presented 

to show how this research is embedded into on-going scholarly debates.  

Chapter 4 provides the description of the case and context in order to gain a better understanding 

towards global, regional and national electrification status. The developments in Thailand policy, 

planning and implementation are also described. The case of Koh Jik mini-grid is also introduced 

in this Chapter. 

Chapter 5 presents the first empirical chapter, in which mini-grid governance issues are 

discussed. This chapter argues for three imperative aspects that are most important in mini-grid 

governance; local involvement & ownership, organization structure & responsibility, creation & 

enforcement of local rules.  

Chapter 6 presents the second empirical chapter that dives into the issues of tariff, metering and 

billing. There are four sections that provide empirical findings to this chapter. National policy and 

regulations of mini-grid tariff will be discussed. The concept of cost recovery tariffs and their 



Successful Governance of Mini-grids | Tanai Potisat 

 

 

11 
 

relations to mini-grid operation models are outlined. The social implications will be explained 

through empirical findings on perception and behaviour. 

Chapter 7 presents policy implications and relates findings from this research to the broader 

contextual debates. 

Chapter 8 is the final chapter that concludes all findings and reflect upon the research question.  
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Methodology 
This chapter explains the overall research design and methodologies that were employed in order 

to answer the research questions outlined in the previous chapter. The research questions aim to 

provide understanding of complex socio-technical interactions and institutions within a mini-grid. 

Careful selection of methods and research design is therefore necessary to ensure that research 

findings adequately address the intended research question; the research design should link 

research questions to data collection process and strategies for data analysis (Yin, 2011). 

Furthermore, the choice of research design and methodology also corresponds to the validity and 

accuracy of the findings (Yin, 2011). For this reason, the research is based on the framework of 

action research in conjunction with mixed-method approach for empirical data collection, the 

following section of this chapter will now provide justifications of the research design and 

description of methodologies used. 

Research framework: Action Research 

“Action research is a way of combining social science methods with the 

planning and implementation of practical activities in real life settings” 

 - (Ulsrud et al., 2015)  

The intended outcome of this research is to produce practical knowledge and understanding 

about mini-grids, is in line with the primary purpose of action research (Reason & Bradbury, 2008). 

Action research is also about creating new forms of understanding that brings together action, 

reflection, theory and practice; as can be understood through the following statement “since 

action without reflection and understanding is blind, just as theory without action is meaningless” 

(Reason & Bradbury, 2008, p.4). Action research follows a problem-solving approach that follows 

iterative cycles (or spiral) (Zuber-Skerritt, 2001). The process of action research generate greater 

understanding and deeper insights by enabling researcher to see societal issues from the inside-

out and from the bottom-up (Kitchen & Stevens, 2008; Ulsrud et al., 2015). Thus, this research 
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employs action research as the guiding framework to seek for answers to the intended research 

questions. 

The selection of the mini-grid on Koh Jik in Thailand as a case study for this research was based 

on several reasons. Firstly, the case study is of interest because of its’ positioning with regards to 

the context of rural electrification. Koh Jik mini-grid is situated in a developing country context, 

and it has been continuously operational for the past 15 years. Thus, findings from the case study 

can utilize to provide insights for the emergence of mini-grids in similar context. Secondly, the 

mini-grid is locally governed which provides first-hand experience to the issues of community-

based mini-grid governance. Thirdly, although Koh Jik has been a subject of research in other 

studies (which proves its’ stature as prominent case study for hybrid mini-grids), all of the previous 

studies (Peerapong & Limmeechokchai, 2017; Phuangpornpitak & Kumar, 2007, 2009; 

Suwannakum, 2007; Yuthakreangkrie, Sripadungtham, & Suwanakum, 2007) have extensively 

focused the on the techno-economical aspects of Koh Jik mini-grid with a lack of emphasis on the 

socio-technical aspects. Therefore, this research is able to add knowledge from social studies to 

the existing pool of technical literatures.  

Lastly, the researcher is engaged with practical activities to upgrade and restructure the Koh Jik 

mini-grid. In this regard, the researcher is in an advantageous position to conduct action research, 

by having access to the community, resources and connections to involved actors. In addition, 

language barrier is non-existent since the researcher is able to speak in the native language. 

Research findings are useful to develop and shape on-going local activities while also generate 

empirical findings that contribute to the broader scholarly debates. 

Gathering Empirical Data 

In order to obtain empirical data, the research follows a mixed-method approach which uses the 

combination of qualitative approach (fieldwork, on-site observation, interviews, literature review) 

and quantitative approach (Geographic Information System ‘GIS’ mapping and statistical 

analysis). The qualitative approach provides for the inductive nature that is required from the 

research. An inductive approach implies that theory is an outcome of research, or that 

generalizable inferences are drawn out of observations (Bryman, Bell, & Harley, 2018). A 

qualitative approach provides depth and meaning that is required to answer the research question 

of interest (Fink, 2003). On the other hand, in a mixed-method approach used to have same 

inferences coming from different sources. Especially with the view to triangulation, where more 

than one method should be used in the validation process to ensure that findings are not an 

outcome of an individual method (Jick, 1979).  

First-hand experience and immersion aspect is crucial to how empirical data is gathered, therefore 

a series of four fieldwork was carried out during the research period which led to the on-site 

collection of qualitative and quantitative data at Koh Jik, Table 2.1 shows the dates of field work 

conducted. The field work helped the researcher immerse oneself into the community in order to 

create a deeper understanding of the context. Due to the fact that the researcher has been to the 

island prior to the starting research, contacts have already been established with the community 

and gaining access is not a problem. During the field work, the researcher stayed on the island 

for the whole duration and lived in a homestay with people in the community, which added to 
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experiencing and understanding the local way of life. Repetitive visits to the island (approx. once 

every 3 months) made it possible to observe changes that happen along the way. In addition, 

repeated visits helped to create a sense of familiarity and personal connection to number of 

people on the island, especially to the village chief, group of leaders and some members in the 

community. Being accustomed to the people in the community made it easier to observe their 

livelihood, talk and later to conduct interviews. 

Table 2.1 Dates and duration of field work 

# Dates 

Field Work #1 15-18 November 2018 

Field Work #2 25-30 January 2019 

Field Work #3 1-5 May 2019 

Field Work #4 15-17 June 2019 
 

A portion of the field work was dedicated to participant observation. Where observations are made 

of people in the community, whether that be practices, behaviour, routines that they do in their 

day to day life. During the first fieldwork, a walkthrough survey of the community was conducted 

to collect basic information about the community and to importantly map out where everything is 

located. For example, the position of various mini-grid assets (PV panels, power plant, wind 

turbines), public infrastructure (school, medical centre, village office) and distribution of 

households were located on a GIS map. The map provides understanding on the geographic 

distribution of households which was later helpful in determining interview sample. The 

walkthrough survey also served the purpose of making a personal introduction of the researcher 

and the project (Crang & Cook, 1995). Since the main topic is to understand practices and 

institutions relating to the mini-grid, the researcher spent time observing the mini-grid operator 

(and technician) throughout the day in order to understand what was being done and how the 

mini-grid was being operated. For example, the frequency, time of day and the process in which 

the operator turn on the diesel genset is well documented.  

The main source of empirical data comes from interviews. In order to get a broad perspective on 

the issues, a series of interview were conducted, both planned and unplanned interviews. The 

most important aspect is to ensure a broad coverage of the population, since it was not possible 

to interview each and every individual. A general classification was made to distinguish different 

groups of actors to the mini-grid; namely, the chief of village, village electricity committee 

members, mini-grid operator, general community members (electricity users in a mini-grid) and 

external stakeholders. The distinction is then used to provide the interview sample population. 

The chief of village, mini-grid operator and the village electricity committee members were all 

interviewed without any sampling needed. External stakeholders were deliberately chosen based 

on their relevance and knowledge to the case study, or chosen through ‘purposive sampling’ (Yin, 

2011).  

Sampling of the general community members was more challenging, since there are more than 

300 people on the island. The snowball sampling technique was used for sample selection. In 

snowballing sampling new data collection unit is selected as an offshoot of existing ones (Yin, 
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2011). The researcher would randomly select a house to start the interview, then ask for 

recommendations and introductions to the other neighbouring households. However, the 

researcher found that snowball sampling for this island could be led to a sample bias. Since island 

communities are closely connected, families and relatives often live close by to each other or as 

cluster of households. In order to provide a representative sample, the researcher had to 

purposefully chose a new location to start a new series of snowball sampling with the purpose of 

reaching new cluster of households.  

Most planned interviews were conducted in semi-structured format. The researcher prepared a 

list of topics and several broad open-ended questions in an interview guide. The flow of the 

interview follows more of a natural conversation style and is flexible to allow for other topics to be 

raised and explored during the interview. The interviewer would then follow-up on the topics with 

a series of deep dive questions. In total, 24 interview rounds were conducted with 29 interviewees, 

Table 2.2 shows the list of interviews. Some interviewees, for example the community leader and 

village committee members, were interviewed multiple times in order to cover all topics that have 

been raised from other interviews. It should also be mentioned that some interviews follow a rather 

informal format, under the form of an informal conversation. Crang & Cook (1995) suggests that 

the atmosphere of mutual respect and trust in an informal conversation allow undecided, 

ambiguous and contradictory feelings to be revealed.  

Table 2.2 Summarized list of interviews 

Interviewee 
Number of 

interviewees 
Round(s) of 

interview 
Interview Dates 

Community Leader 1 3 16 Nov. 2018 / 3 May 2019 / 16 June 2019 

Village Committee Members 12 3 17 Nov. 2018 / 2 May 2019 /16 June 2019  

Mini-grid Operator/Technician 1 2 16 Nov. 2018 / 3 May 2019 

Community Members round 1* 6 6 15-16 Nov. 2018 

Community Members round 2* 5 5 26 Jan. 2019 

Mini-grid developer #1 1 1 6 March 2019 

Mini-grid developer #2 1 1 6 March 2019 

Mini-grid developer #3 1 1 24 May 2019 

Governmental official 1 2 5 May 2019 / 16 June 2019  

Total 29 24  

* Community members were individually interviewed, 1 interviewee per household. 

In terms of documentation, written notes were taken during the interviews and most of the 

interviews were recorded in a digital research diary. Photos and video logs were also taken of 

observation on site, found in the Appendix. Technical and financial documents relating to the mini-

grid were also gathered during the field visit. For example, the accounts on metered data and 

reports on cashflows were found.  
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Empirical Data Analysis 

As aforementioned, empirical data analysis followed an iterative cycle. Through this process, the 

researcher was able to induce inferences and theories from empirical material that have been 

gathered. The main method of data analysis is the use of coding. All of the recorded interviews 

were transcribed and coded, fieldnotes were also coded. Coding is the process of identify, sorting 

and defining similar events, themes or actions of collected empirical data (Crang & Cook, 1995). 

It should be emphasized again that the process of data gathering and data analysis was not done 

in sequential steps is an iterative process. The process of data gathering ends at the point of 

theoretical saturation (Crang & Cook, 1995), which indicates the point where the similar stories 

and concepts resurfaces and the most important elements have been covered.  

The analysis of empirical data was conducted following the grounded theory, which is a common 

approach to analysing qualitative empirical data. The grounded theory approach was originally 

framed by Glaser & Strauss (1967), it seeks the derivation of relevant categories that are “derived 

from the bottom up” (Yin, 2011). In other words, theory are induced as part of on-going 

interpretation of the data (J.I. Höffken, 2012). The derived insights or induced theories should 

strive for theoretical adequacy (Crang & Cook, 1995), where the contexts of the study should be 

understood and compared in relations to existing bodies of literatures. The combination of 

empirically grounded insights and existing theory can be complementary to each other or 

contradict and reveal limitations and shortcomings of existing theory (J.I. Höffken, 2012). 

Therefore, a comprehensive and continuous review of literature was conducted throughout the 

process of data analysis. 

Quantitative data gathered in the form of hand-written reports and accounts of more than 50 pages 

were digitally processed and compiled into a database. Simple statistical quantitative methods 

were applied for interpretation of data.  

In this chapter I have discussed that the research follows action research approach, where 

research is combined with implementation of practical activities to bring out practical knowledge 

and understanding. Empirical data were gathered through 4 instances of field work. Qualitative 

empirical data are gathered through the use of participant observations and interviews. 

Quantitative data gathered from text, reports and accounts. Data analysis was done through 

coding of empirical material following the grounded theory approach where inferences and 

theories are inductively generated from the bottom-up. With the view to validation, findings from 

literature provided the theoretical base to support the inferences made in conjunction with 

quantitative data analysis. 
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Literature Review 
The literature review chapter brings together the different views and on-going scholarly debates 

that are relevant to mini-grids, its governance and management in context of rural electrification. 

The first section provides clarity on mini-grid definition and classification. Position and role of mini-

grids as an alternative approach in rural electrification are also described. In order to provide 

answer the research questions, theoretical underpinning of issues relating to mini-grid 

governance requires extensive review of literature that go beyond technical and financial aspects. 

Literatures with views towards mini-grid as a socio-technical system are important to understand 

how technology is embedded in the broader societal structure. Research gaps in mini-grid studies 

are identified. Views and findings from literature in this chapter serve as the theoretical basis for 

the following empirical chapters.  

Mini-grid Definition and Classification  

Although the term ‘mini-grid’ has been extensively used, literatures do not agree on its definition 

and there are different perception to what the term mini-grid entails (Pedersen, 2017). Some 

definitions use size or capacity as the defining characteristic, some are defining mini-grids to be 

in the range of 5-200 kilowatt (kW), some up to 300 kW. The term mini-grid and the term micro-

grid can be confusing and in some literature have used them interchangeably with the same 

meaning (Schnitzer et al., 2014). Other literature proposed to distinguish them. Tenenbaum, 

Greacen, Siyambalapitiya, & Knuckles (2014) defines mini-grids as being isolated grids with 

capacity ranging from tens of kW to tens of megawatt (MW), serving rural areas of developing 

country. While micro-grids defined as smaller scale systems that range from a few watts (W) to a 

few kW in capacity (Tenenbaum et al., 2014). However, in some context micro-grids can also refer 

to larger systems that can connect and disconnect from the grid to be in island or island mode 

(Hirsch, Parag, & Guerrero, 2018). In spite of differing views, the term mini-grid used in this 

research refers to small-scale electricity generation systems serving customers in rural areas of 

developing countries (Franz et al., 2014; Tenenbaum et al., 2014). The term ‘small-scale’ is used 

loosely without attempting to provide concrete definition on the capacity or size limits that it is 

referring to. 
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Mini-grids are considered as an alternative solution to grid extension, along with solar home 

systems. In some studies, mini-grids and solar home systems are collectively referred to as ‘off-

grid solutions’ (IRENA, 2019). However, Franz, Peterschmidt, Rohrer, & Kondev (2014) points out 

that mini-grids can be distinguished from other electrification approaches, grid extension and 

stand-alone systems. Mini-grids can be more suitable to electrify rural areas where grid-extension 

may not be feasible. As illustrated in Figure 3.1, “the mini-grid space” is found where mini-grids 

have lower costs compared to grid extension and solar home systems (Franz et al., 2014). It should 

be noted that the mini-grid space is rather more illustrative than definitive, nevertheless, five local 

conditions can provide generalized understanding on areas where mini-grid may be suited for, 

depending on the; size of community, density of population, distance to national grid, topography 

and socio-economic factors (i.e. energy demand and economic growth potential) (Franz et al., 

2014).  

 

Figure 3.1. Illustration of the mini-grid space  
Source: (Franz et al., 2014) 

In order to look at the importance of mini-grids in developing countries, various grey literature and 

report from development organizations have been reviewed. Although contents from these 

reports may not be considered (by some) as strictly academic, they are used here to represent a 

more practical perspective on outstanding mini-grids issues. Most grey literature are focused 

towards bringing out best practice and lessons learned from mini-grid deployment and 

implementation.  

It was introduced in ARE (2014) that mini-grids has great technical potential but the success of 

mini-grid implementation involves complex financial and organizational dimensions. These 

dimensions include “financing, management, business models, maintenance, sustainable 

operations and socio-economic conditions) (ARE, 2014, p.11). Schnitzer et al. (2014) points out 

the operational unsustainability of many mini-grids, under-performing and failed projects 

contributes to the backlash against mini-grids as a suitable option for energy access. In reviewing 
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seven case studies, Schnitzer et al. (2014) uncover lessons learned in strategic planning, 

operations and social context of mini-grids that that are important to the successful deployment 

of mini-grids. The successful implementation and scale-up of mini-grid projects are closely linked 

to the broader policy and regulatory framework (Franz et al., 2014). An effective mini-grid enabling 

policy and regulatory framework are linked to the following components; political decision and 

energy policy, economic policy and regulations, customer and environmental policy and 

regulations, licensing and contract regulations, financial sector support and other sector support 

schemes (Franz et al., 2014). 

It was highlighted in different literature (ARE, 2014; Franz et al., 2014; Pedersen, 2017; Schnitzer 

et al., 2014), organizational issues are important to mini-grid, especially with the regards to the 

organizational model for implementing and operating a mini-grid, these are commonly referred to 

as either mini-grid operator model (Franz et al., 2014) or mini-grid ownership models (Pedersen, 

2017). All terms are referring to the organizational structure of mini-grid implementation and 

operation (Franz et al., 2014). Mini-grids can be classified into four different mini-grid operator 

model, which are; utility operator model, private operator model, community operator model and 

the hybrid operator model (ARE, 2014; Franz et al., 2014; Pedersen, 2017). The models differ 

based on ownership structure (who owns the mini-grid?) and operation and maintenance 

structure (who operates the mini-grid?). The hybrid model combine different aspects from the 

other three models where it opens up for a mixture of different model, for example in cases where 

investment, ownership and operation might not be carried out by the same entity (Franz et al., 

2014). Koh Jik, the case study used in this research is considered as a community-operated mini-

grid, or sometimes referred to as community-based mini-grid. 

An alternative classification method of mini-grid organization is to differentiate according to their 

underlying business model. Resulting in 3 main classifications, namely; for-profit model, partially 

subsidized model and fully subsidized model (Schnitzer et al., 2014). Because each of the models 

have different characteristics in their organization model, business model and financial model 

which effects the driving force or motivation of the microgrid developer in each model. The 

understanding of mini-grid organizational and operational models is key to the arguments and 

discussions made in the following empirical chapters. For example, arguments for the relation 

between mini-grid operation and tariff is made in Chapter 6. 

Techno-economic perspectives 

Review of literature found that there is an extensive amount of scholarly activity that have studied 

mini-grids from a technical and economical aspect, mainly through the use of quantitative 

methods. The main technical aspects of mini-grids are explored by Boait (2014), which explained 

the selection of mini-grid generation technologies (hydro, solar, wind biomass), main system 

design issues (i.e. selection of alternating current (AC) or direct current (DC) mini-grid, system 

architecture, distribution network topology) and system management (i.e. matching supply and 

demand). Literature have also provided substantial insights to the technical design of mini-grids 

(Mohanty & Muneer, 2014; Sharma, Palit, Mohanty, & Gujar, 2014). Sharma et al. (2014) proposes 

a standardized framework for mini-grid implementation, in which execution of mini-grids are 
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divided into three broad stages; 1) project development & pre-installation, 2) design, procurement, 

installation & commissioning 3) post commissioning & sustaining the project.  

Mini-grid feasibility studies have been a dominant theme that received much scholarly attention. 

As reviewed by Bernal-Agustín & Dufo-López (2009), various mini-grid design and simulation 

studies have been conducted. It was found that renewable energy mini-grids that consists of PV 

generator and/or wind turbines and/or diesel generator, with energy storage in lead-acid batteries 

were of most attention. In addition, it was found that numerous papers deal with the topic of mini-

grid design optimization, where the optimization problem is to minimize net present cost or in 

some cases the levelized cost of energy. Optimization of mini-grid designs are a complex task, 

especially for hybrid mini-grids, because there are “high number of variables and the non-linearity 

in the performance of some of the system components” (Bernal-Agustín & Dufo-López, 2009, 

p.2111).  

Techno-economic studies have compared mini-grids to other electrification options. Sen & 

Bhattacharyya (2014) compared mini-grid to grid extension, it was found that hybrid mini-grids 

that make use of different combinations of renewable energy technologies are an economically 

and ecologically viable alternative to grid extension in electrifying remote areas. On the other 

hand, comparing mini-grids to solar home system, Bhattacharyya (2014) found that cost of mini-

grid supply in some context are cheaper than the cost of owning solar home systems. With 

comparable levels of electricity supply, low-income consumers in a mini-grid will pay almost half 

of the cost of owning a solar home system (Bhattacharyya, 2014b). The economics of solar PV 

mini-grids to large scale solar projects for rural electrification in India have also been studied by 

Bhattacharyya, Palit, Sarangi, Srivastava, & Sharma (2019).  

Various techno-economic literatures have been conducted with the context to rural electrification 

in Thailand. Phuangpornpitak & Kumar (2007) studied different PV hybrid systems that have been 

deployed in national parks, wildlife sanctuaries and remote villages on Thai island. The analysis 

found that hybrid mini-grids are economically attractive for electrification for remote areas. The 

study also emphasized on the added social and environmental benefits from using renewable 

sources of energy compared to conventional power (i.e. diesel generator); human health 

improvement, decreased air pollution and noise reduction are examples (Phuangpornpitak & 

Kumar, 2007). Additional studies on environmental impacts (Sereepaowong, 2005; Smith et al., 

2015) support the claim for environmental benefit. Smith et al. (2015), through life cycle 

assessment (LCA), compared environmental impacts of mini-grid, grid-extension and individual 

home diesel generator. The study found that mini-grid had the lowest impact (in terms of global 

warming, human toxicity, and abiotic resource depletion potential) compared to the other 

electrification scenarios. From an environmental stand-point, these findings support the broader 

idea that mini-grids “a more favourable electrification option for locations farther from a regional 

grid” (Smith et al., 2015, p.94). Other literature are explicitly dedicated to the feasibility study of 

island mini-grids in Thailand (Madtharad & Chinabut, 2018; Peerapong & Limmeechokchai, 2017; 

Phuangpornpitak & Kumar, 2009; Yuthakreangkrie et al., 2007), all of the findings lead to the 

generalized conclusion that mini-grids show technical and financial viability as a solution for 

electrification remotes islands in Thailand.  
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Mini-grid as a socio-technical system 

As suggested in literature, technical and financial aspects alone are not sufficient to prove 

successful deployment of mini-grids. As expressed by Wolsink (2014). “Establishing micro-grids 

in rural areas is much more an issue of social construction than technological issues”. Mini-grids 

that are deployed for rural electrification vary in local context, socio-economic conditions, 

resource potential and institutional arrangements, as framed by Bhattacharyya & Palit, (2016) 

“one size does not fit all”. In light of this perspective, many studies opt to study mini-grid from 

socio-technical approach. 

The socio-technical perspective sees technology and society co-develop in mutual way, where 

technology and society are interwoven and shape each other (Ulsrud et al., 2015). A socio-

technical system is defined as “a configuration of heterogeneous technical and social elements, 

including technical devices or artifacts, organizational aspects, involved actors and social 

practices in the implementation and use as well as competences linked to the technologies” 

(Ulsrud, Winther, Palit, & Rohracher, 2015, p.35).  

A major theme in socio-technical studies is to understand challenges of mini-grid implementation 

and the broader implications on why electrifications may fail. Akinyele, Belikov, & Levron (2018) 

proposed to examine mini-grid failure factors and mini-grid sustainable factors based on using the 

STEEP model; which indicated perspectives of social, technical, economic, environmental and 

policy. From a social perspective it was found the lack of community engagement, lack of 

preliminary survey, question of ownership issue and electricity theft are some of factors that 

contributed to the failure of mini-grid projects.  

The findings on community engagement and ownership issues are underpinned and further 

explore by (Johanna I. Höffken, 2016), it was shown that community ownership could be created 

through community (and people) engagement in various aspect of the project. It is believe that 

creation of ownership in this way makes project more viable (Johanna I. Höffken, 2016). In line 

with other findings in literature which highlight the importance of community involvement, “local 

communities should not be viewed as merely ‘targeted beneficiaries’, but as partners in the 

development process” (Cynthia Neudoerffer, Malhotra, & Venkata Ramana, 2001, p.379). 

Methodology for design of participatory processes for renewable energy in rural areas and their 

insights are studied and presented by Belmonte et al. (2015). In addition, findings in (Williams et 

al., 2015) suggests that community participation have been found as important to maintaining high 

payment rates and reduce incidences of electricity theft (Williams et al., 2015). Insights from 

literature on community involvement provide the theoretical basis that are used to support 

empirical findings on mini-grid governance in Chapter 5. 

Connected to community involvement issues, literatures have also presented the role of village 

energy committees and other local institutions in mini-grids (Ulsrud et al., 2011). The implications 

on how community structure relate to the governance and management of mini-grids have been 

less studied and thus will be explored in the Chapter 5.  

Review of literatures which applied the common pool resource (CPR) theory to mini-grids have 

been particularly useful in providing support and theoretical groundings of arguments that are 
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later presented in this thesis. This pool of five literatures (Gollwitzer, 2014; Gollwitzer, Ockwell, & 

Ely, 2016; Gollwitzer et al., 2018; Greacen, 2004; Wolsink, 2014) have provided arguments that 

mini-grids can be viewed as a common pool resource and therefore can be managed using CPR 

management theories. Common pool resources can be characterized by two features: 1) resource 

that are rivalrous, the consumption of one unit of resource by one user means that the resource 

is not available to another user (Gollwitzer et al., 2018) or in another sense resource exploitation 

by one user reduces the availability for others (Greacen, 2004) and 2) Excluding access to the 

resource is difficult or costly (Gollwitzer et al., 2018; Greacen, 2004). It has been argued that mini-

grid exhibits both CPR features due to the amount of electricity is limited by scarcity of renewable 

energy resources (Wolsink, 2014) and once households are connected it is difficult to restrict 

consumption of the resource (Greacen, 2004), making exclusion of access a difficult task. 

 The findings in these literatures yield insightful institutions for how mini-grids can be sustainably 

managed. Institutional conditions that that are important in the management of CPR are: 

ownership, access regulations, system boundaries (mini-grid vs. main grid), compliance rules 

(local rules), trust and reciprocity (Wolsink, 2014). Furthermore, findings from Gollwitzer et al. 

(2018) discusses that locally devised rules (e.g. type of use rules) can ensure fair allocation of 

electricity, replacing the need for load limiters. The importance of community leadership and 

enforcement of rules were also presented. In addition, the study also found conflicts of interest 

when communities are directly involved with tariff determination. It should be noted that this 

research does not directly apply CPR theory or framework in its’ empirical data analysis but 

findings from CPR related literature are used to underpin empirical findings which are later 

discussed in this thesis. 

In order to answer the second research question, literatures relating to tariff, metering and billing 

in rural mini-grid settings are reviewed. Conclusion in some literature highlighted that “tariffs are 

probably the most important element of successful sustainable decentralized hybrid mini-grid 

implementation” (Alam & Bhattacharyya, 2016, p.13). That tariffs provide the revenue stream 

needed for mini-grids to recover costs (Williams et al., 2015), or commonly referred to as cost-

recovery tariff (Schnitzer et al., 2014). Financial viability of mini-grids can be achieved through 

well planned tariff design and tariff collection mechanism (metering and billing) (Schnitzer et al., 

2014). There are different types of mini-grid tariffs based on how electricity is being consumed 

and metered; energy-based tariff, power-based tariff, per device tariff, bulk pricing tariff or a 

combination of different structures (ARE, 2014; Melnyk & Kelly, 2019). However, “setting 

commercially viable tariffs is not often straightforward” (Reber, Booth, Cutler, & Li, 2018, p.1), the 

way in which mini-grids tariffs can be determined is influence by national policy and regulations. 

At the highest level, there are two general tariff schemes; uniform national tariff and de-regulated 

cost-reflective tariff (Reber et al., 2018). Tariffs regulations are put in place with the perspective 

of creating equity and affordability (Melnyk & Kelly, 2019). As emphasized by Bhattacharyya 

(2013), one of the main purpose of mini-grid regulation is for consumer protection (i.e. against 

abusive tariff schemes amongst other customer grievances). In this light, the issues of mini-grid 

tariff designs and tariff regulation are discussed in response to the second research question. 

Literature review of metering and billing systems yielded little insights for applications of 

prepayment metering in the mini-grid context. Prepayment metering and billing system requires 



Successful Governance of Mini-grids | Tanai Potisat 

 

 

23 
 

customer to make payment in advance before electricity can be consumed (Mwaura, 2012). Most 

of the studies that were reviewed focused on prepayment metering for utilities and national grid 

supply (Mwaura, 2012; Sullivan, Viggers, & Howden-chapman, 2014; Tewari & Shah, 2003). 

Findings have linked use of prepayment systems to the reduction of non-technical losses 

(Mwaura, 2012). Non-technical losses are electrical energy lost through theft, fraud or non-

payments (Mwaura, 2012), therefore the reduction of non-technical loss means increased revenue 

for utilities. Sullivan et al. (2014) found that consumers felt they are in better control of household 

expenses when using prepayment metering. Which is corroborated by findings that prepayment 

allows payments to be made in smaller amounts, customers therefore have control over their 

consumption and spending (Moreno, Efficiency, & Global, 2015). Since Koh Jik mini-grid 

employed prepayment metering systems for a number of years, empirical findings hope to provide 

insights on to the implications of prepayment on the governance and management of energy 

systems in an off-grid context. These findings help to inform discussion on consumer percept and 

behaviour in Chapter 6. 

In conclusion, the literature review served several purposes to this thesis. Firstly, the literature 

review helped frame the research question through identification of research gaps. It has been 

pointed out that while technical and financial aspects have been extensively research and well 

established, many areas relating to the social and institutional aspects in mini-grids are less 

studied. Secondly, findings from literature serve as the theoretical basis in building and 

underpinning arguments that are made in the following empirical chapters. 
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Case & Context 
This chapter provides the descriptive context of the case upon which discussions and arguments 

in the latter chapters are built. The global and regional context of rural electrification, Thailand’s 

electrification policy and the importance of Koh Jik mini-grid as a case study will be explained. 

The chapter will be structured in 3 main sections. The first section of this chapter introduces the 

overall standings on rural electrification to highlight the importance of renewable energy mini-

grids in bridging the electrification gap. This is with the emphasis on the context of the global 

south, especially towards Southeast Asia as an emerging region. The second section describes 

crucial developments in Thailand’s policy, planning and implementation. The national context 

provides insights about positioning of the case study in relations to deployment of mini-grid in 

other areas of the country and region. The final section then introduces Koh Jik as a case study, 

past and future developments and why it is an important mini-grid case study that suits as an 

empirical case for this research. 

Rural electrification: electrifying the last mile 

Access to modern energy has been closely linked to the economic growth of a country and a key 

enabler of development at a household and community level (IEA, 2017a). On a global level, there 

are 1.1 billion people without access to electricity, as of 2016 (IEA, 2017a). Despite the fact that 

significant progress has been made, the problem of rural electrification will be a long-standing 

one, especially with the view to developments in the Global South. Sub-Saharan Africa and Asia 

are main regions of focus with lowest access to electricity rates (IEA, 2017a). Scoping down into 

emerging regions in the world, Southeast Asia has been attracting attention due to it being one of 

the fastest growing regions, in terms of economic and energy demand. In spite of its growth, the 

region still has pre-existing problem that around 10% of its population do not have access to 

electricity, 65 million out of nearly 640 million (IEA, 2017a). Table 4.1 shows that many countries 

are close to reaching universal electricity access on a country level. Although Thailand is close to 

achieving universal access, in reality there are certain areas and population that lack reliable 

access to electricity. It is especially challenging for the region to achieve universal access due to 

having large numbers of the population living in island communities or remotes areas (IEA, 2017b). 
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Indonesia, Philippines, Myanmar and Cambodia electrification remains a major priority for policy 

makers (IEA, 2017b).  

Table 4.1 Southeast Asia electrification rate by country.  
Source: Adapted from (IEA, 2017a) 

 Southeast Asian Nations Electrification Rate Population without 
access (million) 

As of the year 2000 2005 2010 2016 2016 

Brunei 99% 99% 100% 100% <1 

Cambodia 16% 12% 23% 60% 6 

Lao PDR 20% 11% 63% 91% 1 

Malaysia 97% 98% 99% 99% <1 

Myanmar 5% 12% 49% 59% 22 

Indonesia 53% 56% 67% 91% 23 

Philippines 87% 82% 83% 90% 11 

Singapore 100% 100% 100% 100% - 

Thailand 82% 99% 99% 100% - 

Vietnam 76% 95% 97% 98% 2 

Southeast Asia (Total) 65 

 

Similar to other regions, past electrification efforts in Southeast Asia have relied on the expansion 

of the grid (IEA, 2017b). In some countries, it can be seen that the rate of increase in electricity 

access slows down as a country reaches higher electrification rate. This is mainly due to the fact 

that grid extensions become costly and unfeasible for remote, rural area with scattered and low 

population numbers (ARE, 2014). The challenge in which electrifying the last few (percentages of 

the population) is hardest and costliest is often referred to as the ‘last mile problem’ (Chakravorty 

et al., 2016). Countries like Thailand, who claim to have 100% electrification rate also experience 

difficulties in reaching the last mile of population living in remote areas with difficult terrain (e.g. 

island and mountainous areas with limited infrastructure (e.g road accessibility, mobile 

connectivity). These problems are much more crucial for archipelago nations of ASEAN, Indonesia 

and Philippines. 

In order to tackle the last mile problem, it is highly anticipated that future electrification efforts will 

rely on decentralized off-grid and mini-grid solutions that will be used hand in hand with grid 

extension to bridge the electrification gap (Franz et al., 2014; IEA, 2017a). The International Energy 

Agency’s (IEA, 2017b) estimated that an additional 145 million people will have to be electrified 

to achieve universal access in Southeast Asia. Their scenario suggests that mini-grids solutions 

will play a substantial role, contributing to 30% of new connections, with the remaining through 

grid extension and other off-grid solutions (IEA, 2017b). There is a strong case for the 

development of mini-grid for rural electrification for Southeast Asia. This research therefore uses 

a mini-grid case study from Thailand to provide insights that can be beneficial to the development 

of mini-grids in other nations in Southeast Asia that may be following in the same pathways. 
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A national effort: Thailand electrification policy and planning 

Over the course of the past 50 years, Thailand’s electrification effort has largely been a success 

story. Thailand’s current electrification rate stands at 99.99% (PEA, 2017), or commonly reported 

as 100% in other databases(IEA, 2017a; World Bank, 2019). A figure that owes its achievement to 

its intensive national electrification efforts initiated in early 1970’s. Before the initiation of 

electrification policies, only 10% of the population living outside of the capital, Bangkok 

Metropolitan Area, had access to electricity in 1972 (Barnes, 2005; OIC, 2013). With the view to 

improve the livelihood of people living in rural areas, the Thai government saw importance of 

extending electricity service to all regions of Thailand, which at that time had a total of 45,000 

villages in 68 province (OIC, 2013). This led to the establishment of the National Plan for Thailand 

Accelerated Rural Electrification, approved by the government in 1973 with the initial target to 

electrify all 50,000 villages in a timeframe of 25 years or by 1998. Later in 1975, the timeframe 

was condensed to 15 years in order to accelerate grid extension to provide electricity access to 

the population. Through successful implementation of the national plan, Thailand’s national 

electrification rate increased from 21% in 1976 to 98% in 1996 (Vechasart & Suttisom, 2014). 

Figure 4.1 illustrates this development of Thailand’s rural electrification rate. 

 

Figure 4.1 Rural electrification rate in Thailand (1960-2016)  
Source: Author’s illustration with 1960-2011 data adapted from (Vechasart & Suttisom, 2014)& from (PEA, 2017) 

Significant progress rural electrification was achieved through implementation efforts by state 

owned electricity utilities in Thailand to extend grid coverage to almost all areas of Thailand. There 

are three main electric utilities in Thailand, the Electricity Generating Authority of Thailand (EGAT), 

Provincial Electricity Authority (PEA) and the Metropolitan Electricity Authority (MEA). The division 

of responsibilities between the utilities was important to the success of the electrification 
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programme (Barnes, 2005). As illustrated in Figure 4.2, EGAT handles the generation of electricity 

and the high voltage transmission of electricity, the transmission system operator (TSO). The 

electricity is then sold at a whole price to distribution system operator (DSO), MEA and PEA. MEA 

takes responsibility for the distribution and retail to consumers in the capital, Bangkok 

Metropolitan Area (BMA). PEA is then responsible for the areas that are outside of the capital 

(non-BMA). This segmentation of the electricity industry makes clear assignment of duties that it 

was PEA’s main task to electrify rural areas according to the national electrification plan (Barnes, 

2005). At present, PEA still is the main agency that is involved with reaching the last mile of 

electrification in Thailand.  

 

Figure 4.2 Structure of Thailand’s electricity industry 
Source: Author’s illustration, adapted from Tongsopit & Greacen (2013) 

The remaining areas and populations that have not been electrified by PEA are mostly 

geographically remote areas which makes extension of the grid difficult or unfeasible. For this 

reason, many of the small islands with low population numbers falls into the remaining <1% that 

do not receive the electricity services provided by the public utility. The island of Koh Jik, the 

subject of this research, is representative for other small island that do not fit for grid extension 

efforts. The following sections describes the status of island electrification and options for 

electrification. 

Current Status: Thai Island electrification 

In Thailand, there are a total of 936 islands located in both the Gulf of Thailand and the Andaman 

sea (DMCR, 2013). Figure 4.3 illustrates the geographic distribution of islands, with the main 

concentration in the Southern region with fewer on the Eastern region. It is however not conclusive 

on how many of these islands are inhabited, but estimation suggests that there are more than 200 

populated islands (Sutabutr, 2012). In order to define electricity access on islands, it is beneficial 

to create distinction between islands that are supplied by the national grid and those that are not, 

grid connected islands and off-grid islands. The following section look at how Thailand implement 

different rural electrification strategies for island areas. 
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Distribution of Thai islands 

Gulf of Thailand 374 Andaman Sea 562 

Surathani 108 Phang-nga 155 

Trat 66 Krabi 154 

Chumporn 54 Satun 106 

Chonburi 47 Ranong 56 

Prachuap Khiri 
Khan 

23 Trang 54 

Chanthaburi 19 Phuket 37 

Patalung 18   

Rayong 16   

Nakhon Si 
Thammarat 

9   

Songkhla 6   

Pattani 4   

Narathiwat 3   

Chachoengsao 1   

Figure 4.3 Island distribution map of Thailand – by province 
Source: Author’s illustration based on data from (DMCR, 2013) 

 

Grid-connected islands can be determined to be electrified as they are supplied by the national 

grid under the responsibility of electric utility, PEA. Currently there are 41 islands that are grid-

connected, 13 of which are connected via overhead cables (closer to shore) and 28 via submarine 

cables (far from shore). Being under coverage of the public utility, electricity on grid-connected 

islands are similar to mainland electricity supply and follows the same standards on quality and 

reliability. Including having the same tariff schedules, since Thailand adopts a uniform tariff policy. 

Intrinsically this means that added cost from grid extension for rural electrification are cross-

subsidized amongst all consumers. Due to these facts, island communities want to be connected 

to the national grid to gain reliable access to electricity at a more affordable cost. However, islands 

that are further away from shore require the use of underwater cables, or ‘submarine cables’ 

which require significantly larger investments than typical overhead cables on shore. Therefore, 

not all islands are justified for costly grid extension and most of the existing grid-connected islands 

are ones which have sufficient electricity demand to recover the high cost of investment. Main 

influential factors that signifies high electricity demand is large population size and high levels of 

tourism activities on the island (i.e. hotels, resorts, restaurants etc.). 

Other islands that are not connected to the grid can be determined as off-grid. The degree of 

electricity access on off-grid islands are more diverse depending on source of electricity supply. 

At the basic level, individual household depend on stand-alone generation. Typically, a small diesel 

or gasoline genset of 1.5 kW – 5 kW provides electricity for the house, as seen in Figure 4.4. It is 

common for a family with clusters of 1-5 houses may share a single genset and fuel cost is shared 
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between the houses. Duration of access is generally limited to a few hours a day, approximately 

4-6 hours, mostly operated during the evening times from 18:00-22:00 hours (ILF, 2017). With 

limited access and reliability, electricity provides for basic utilities, to power; lights, fans, television, 

radio, mobile charging etc. The cost of running diesel gensets can be costly, with reported cost 

of electricity that exceed 30 THB/kWh (>1 USD/kWh) (GIZ, 2017). This is beyond seven times the 

average national tariff which is approx. 4 THB/kWh (0.11 USD/kWh). 

  
Figure 4.4 Typical diesel genset for individual 

household electricity supply 

Figure 4.5 Solar Home System from 2005-2007 

governmental program 

 

Apart from personal gensets, stand-alone solar home systems (SHS) can be commonly found 

installed in many households on the islands that are off-grid. This is due to a nationwide program 

funded by the Thai government to install SHS for 203,000 off-grid households during 2005-2007 

(Yaungket & Tezuka, 2013). Many island communities were eligible under the program and were 

granted a SHS for each household, Figure 4.5 shows an example a system from the program. A 

typical solar home system (under the program) included a single 120 Wp PV panel, 150W 

inverter/charge controller, 125 Ah 12-volt battery and two 10 W fluorescent light (Lynch, Greacen, 

Tavaranan, & Bjarnegard, 2006; Panprayun, Ketjoy, Rakwichian, & Thanarak, 2011). However, the 

long term effect of solar home systems on rural electrification is questionable, studies that monitor 

the results have found that 20-30% of solar home systems failed in the first 2-4 years mainly due 

to manufacturing defects, installation errors and user errors (Lynch et al., 2006; Sudprasurt, 

Keowsawat, Nilsook, & Monyakul, 2016).  

Off-grid islands can also be supplied by local mini-grid, a village power supply that is electricity to 

the majority or all households on the island. Mini-grids powered by diesel generators are most 

prevalent on Thai islands (Peerapong & Limmeechokchai, 2017). Island mini-grids may be set-up 

by different agency, by PEA (the public utility), by the local government (the sub-district 

administration organization), by grant funding (governmental budgets, aid money, NGOs), by the 

private sector or arranged by the community themselves. The tariff system for off-grid mini-grids 

do not follow the national uniform tariff (with the exception of utility owned mini-grids in which are 

subject to uniform tariff regulation).  
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Renewable energy mini-grids are still much fewer in numbers, most are installed as demonstration 

or research projects located in off-grid areas, in islands, national parks and wild life sanctuaries 

(Phuangpornpitak & Kumar, 2009). Other than Koh Jik, the mini-grid on Koh Libong island was 

also implemented as part of a research project through international aid (Stakulcharoen, 2004). 

But due to arrival of the main grid, the system is now abandoned. The issues of mini-grid versus 

main grid is more explicitly discussed in Chapter 8. 

Techno-economic studies prove that renewable energy mini-grid that blends renewable energy 

and diesel are financially feasible and are a potential solution for decentralized electricity 

generation in remote areas in Thailand (Peerapong & Limmeechokchai, 2017; Phuangpornpitak 

& Kumar, 2007). Both studies showed that the addition of renewables to a microgrid improves 

both the economics and the environmental attributes of the system. 

Koh Jik Case Study: A Community Mini-grid 

The mini-grid Koh Jik is an interesting case study for rural off-grid electrification. It was established 

in time where renewable energy technologies were much less developed, also one of the first few 

renewable energy mini-grids that were built in Thailand. Amongst other failed governmental 

attempts to reach the last mile (Greacen, 2004; Panprayun et al., 2011), it is significant to say that 

the community-operated mini-grid on Koh Jik has been functioning for the past 15 years. This is 

the reason why this research focuses on the Koh Jik case to bring out empirical data on how mini-

grids can be sustainably managed for long-term operations. This last section provides details 

about the Koh Jik mini-grid, previous and on-going developments, to provide insights and 

foundation for discussions in the following chapter.  

 

Figure 4.6 Koh Jik geographic location 

 

Koh Jik is small fisherman community located in the Eastern region of Thailand, Figure 4.6. It is 

located on the river mouth of Welu river, a river which divides between two provinces Chanthaburi 

and Trat. The island is a short 5.5 km from shore or 40 minutes by local boat. Koh Jik is officially 

registered as one village under the Bangchan sub-district, Klung district, Chanthaburi Province. 

being under Chanthaburi Province.  



Successful Governance of Mini-grids | Tanai Potisat 

 

 

31 
 

The island has a total area of 1,600 m2, most of which is natural forest and rubber tree plantation. 

According to official registration date, it is populated with a community of 485 people living in 141 

registered households (Bangchan SAO, 2019). Although, actual population living on the island is 

around 300 people in 100 households. It is common that actual population figures on islands are 

less than registered population due to migration of people moving to the mainland without moving 

registration data. The populated areas and households are situated mainly around the North bay 

of the island which is shielded from strong winds during monsoon seasons, Figure 4.7. Main 

occupation is predominantly fishery, rubber tree plantation & general labour work (Bangchan 

SAO, 2019). Tourism is more low-key, there are 4 local homestays to accommodate occasional 

tourists that visit for eco-tourism. As public infrastructure, there is one school and one medical 

centre. 

In terms of electricity access, the Koh Jik is an off-grid island not connected to national grid. This 

is due to the fact that grid extension assessments by the utility determined that it would be 

unfeasible to lay down submarine cables to connect the island. Koh Jik has a relatively small 

population size and low energy demand that would not recover the cost of investment. The island 

has always been relying on locally source of electricity generation. Before the establishment of an 

island mini-grid in 2004, each household relied on personal diesel genset that would provide 

electricity for the evening period. One household consumed around 100 litters of diesel fuel per 

month, amounting to a monthly expenditure of approx. 3,000 Thai Baht for electricity costs 

(Hemsuwan, 2016). 

The Koh Jik mini-grid was inaugurated in November 2004 through a governmental grant to set-

up a village electricity supply as a demonstration project for a renewable energy mini-grid. A grant 

totalling 10 million THB (approx. 310,000 USD) was given to a consortium of Thai universities to 

implement a micro-grid that is powered by PV, wind turbine, lead-acid battery and diesel generator 

(Phuangpornpitak & Kumar, 2007; Suwannakum, 2007) . An island wide low voltage distribution 

grid was also built to connect all households to the mini-grid. Existence of the mini-grid replaced 

the need for individual gensets and was able to provide 24-hour access to electricity. Increased 

duration and reliability of electricity access enabled the community to productive use of electricity, 

for example the use of refrigerators for fishing product, food and medicine preservation instead 

of ice. In addition to providing better access, the mini-grid significantly reduced consumption of 

diesel by 74%, from 99,234 litters per year before the mini-grid to 25,723 litters per year 

(Yuthakreangkrie et al., 2007). 
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Figure 4.7 Koh Jik settlement and topography 

 

Figure 4.8 Infrastructure Map of Koh Jik 

An important feature of Koh Jik that highlights the case study is the degree of community 

involvement in all stages of the project. The people of Koh Jik were highly involved in all stages of 

the project both in-cash and in-kind. A bank loan was taken by the community to finance the costs 

that exceeded the granted amount (grid costs, metering costs). In-kind contributions included 

providing labour during the construction phases, especially with transportation of equipment. 

Furthermore, the community is responsible for all operation and maintenance activities, inclusive 
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of tariff setting and ensuring the collection of electricity payments. Their implications towards mini-

grid governance is the core focus of this research and will be comprehensively discussed in 

Chapter 5.  

An important event was a major mini-grid grade that happened in 2014. Which marked a period 

of transition from Phase 1 of the mini-grid (2004-2014) to Phase 2 (2014-2019). The transition to 

Phase 2 not only increased the mini-grid generation capacity (added PV capacity), but also 

changed to how tariff, metering and billing was organized. A change from prepayment system to 

post payment systems. In Phase 1, prepayment meters were installed in every household. 

Electricity credits had to be pre-purchased (before consumption of electricity) and topped-up into 

the meter through a chip card, Figure 4.9 shows the prepayment meter and chipcard used on Koh 

Jik since 2004. When electricity is consumed, credits in the chip card are deducted until the 

household is depleted of credits for which the meter then disconnects electricity supply to that 

household. Due to technical faults with the chipcard, it was not possible to bill in a prepayment 

system. Analog meters replaced prepayment meters and billing for electricity consumption was 

done in a post payment manner (after consumption of electricity). Figure 4.10 shows a typical 

watt-hour meter that is cumulatively records electricity consumption in kWh units. Every month, 

local personnel checks the meter and bills for the consumed amount according to the tariff 

schedule. Having local control over tariffs and experiencing with both prepayment and post 

payment metering and billing makes for an insightful case study. Especially on the social aspects, 

how social perception and behaviour can be influence by different metering and billing systems. 

Viewpoints from the community as both consumer and mini-grid operator provides for a grounded 

understanding of the issue, which will be extensively discussed in Chapter 6. 

 

  
Figure 4.9 Koh Jik 

prepayment meter & chipcard 

Figure 4.10 Analog watt-hour meter 
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The current mini-grid component consists of 40 kW PV, 240 kWh lead-acid batteries, 50 kW diesel 

genset, pictures of the mini-grid system shown in Figure 4.11. Table 4.2 shows the difference 

between components originally installed in Phase 1 and currently installed in Phase 2. In terms of 

village electricity demand, it was found that apart from basic appliances (i.e. Lighting, TV, fans, 

mobile charger etc.), almost all residential households had refrigerators, washing machine, 

electric kettle, electric rice cookers. Apart from residential loads, which represents the major load, 

commercial loads (such as homestays and shops) and public loads (i.e. school, medical centre, 

village water pumps, public streetlights) build up the whole village electricity demand. Koh Jik’s 

24-hour load profile (red dotted line) is illustrated in Figure 4.12. It can be seen that the base load 

is approx. 8-10 kW with two peaks of up to 20 kW in the morning hours (05:00-08:00 hrs) and 

evening hours (16:30-23:00 hrs). The daily load fluctuates between 230-260 kWh/day (Koh Jik 

ReCharge, 2018). 

 

Figure 4.11 Mini-grid assets 

Clockwise from top-left: 3-phase 4-wire LV distribution grid, lead-acid battery, photovoltaic panels, diesel genset, wind 

turbine, bi-directional inverter 

Table 4.2 Koh Jik Mini-grid components in Phase 1 & 2 

Mini-grid Component Phase 1 (2004-2014) Phase 2 (2014-2019) 
Solar PV 7.5 kWp 40 kWp 
Bi-directional Inverter 13.5 kW 60 kW 
Lead-acid Batteries 302 kWh 240 kWh 
Diesel Generator 60 kW 50 kW 
Wind Turbine 10 kW 10 kW (not-operational) 
Metering System Prepayment Meters Analog Meters (Post 

payment) 
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Figure 4.12 Koh Jik 24-hour load profile 

In terms of mini-grid’s asset operation schedule, PV directly supplies the load during the daytime 

(yellow area), diesel generator is operated during the peak hours (light blue) and the remaining 

parts are supplied with energy stored in the battery (green area). This results in a renewable 

energy fraction of 40% with the remaining 60% supplied from diesel genset at the time of research 

(Ministry of Energy, 2019). 

At present, several mini-grids components are reaching their end-of-life (i.e battery degradation), 

meaning that the mini-grid continuously losing its ability to supply reliable 24-hour electricity. To 

compensate for the shortage of energy stored in the battery from PV, diesel genset is currently 

being operated for longer hours during both morning and evening hours. Ultimately, cost of 

generation increases proportionally to fuel usage and effects the operational viability of the mini-

grid. On-going activities are being conducted in parallel with the research to optimize for optimum 

renewable energy share and replace existing batteries with lithium-ion energy storage system (Li-

ion). In addition to physical component upgrades, the project studies the redesign of tariff 

structure and implementation of prepayment billing systems. These activities give rise to practical 

insights of undertaking action research, where past developments are combined with on-going 

developments to provide rich empirical data in response to the research question. 

In this chapter, I have introduced the global, regional and national context on mini-grids and rural 

electrification which is necessary to provide foundation for the discussions and arguments that 

will be brought forward in the following empirical chapters. Koh Jik has been chosen as a case 

study because it provides rich empirical data on how mini-grids can be successfully governed. 

Being community-operated, Koh Jik provide insights on community involvement, organizational 

structure and institutional aspects towards mini-grid governance, discussed in Chapter 5. Two 

metering and billing systems implemented provides for a unique case study in which insights can 

be drawn from looking its social implications, discussed in Chapter 6. All in all, the combined 

findings on successful governance of mini-grids can be used to contribute to the broader policy 

implications with the goal of increasing deployment of successful mini-grids, discussed in Chapter 

7.  
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Mini-grid Governance 
In this chapter, I will bring forward key aspects that are of relevance to successful mini-grid 

governance providing response to the first sub-research question. Due to the extensive nature of 

the topic, not all angles can be presented and therefore three imperative aspects that have 

emerged from my research will be used to structure this chapter. Koh Jik mini-grid represents a 

community-based project where the community is highly involved throughout the development 

process. Therefore, I will start with the first aspect of community involvement & ownership issues 

in the mini-grid. Then the second aspect is organization structure and responsibilities which 

discusses about how mini-grids can be organized and what are the implications on mini-grid 

governance. Finally, the institutional aspects of creation & enforcement of local rules will be 

explored. In each section, I give arguments to why these are three important aspects in mini-grid 

governance that can contribute to the long-term success of mini-grids. 

Local Involvement & Ownership 

The implementation of mini-grid deals with not only physical and technical incorporation, but also 

the embedment of a technology into the socio-political context of the community. Common pitfalls 

of mini-grid project implementation, for example lack of long term operation & maintenance, 

payment defaults and no willingness to pay, electricity theft and customer overused of system are 

causes which lead to project failure. Findings from literature (Akinyele et al., 2018; Alvial-

Palavicino, Garrido-Echeverría, Jiménez-Estévez, Reyes, & Palma-Behnke, 2011a; J.I. Höffken, 

2012; Ulsrud et al., 2011) and grey literature (ARE, 2014; Schnitzer et al., 2014) have suggested 

that some of these pitfalls may be avoided through local involvement and contributes to the long-

term success of a mini-grid project. 

In this section, the empirical evidence found from the study on Koh Jik will be presented to discuss 

community involvement in the development of the mini-grid projects. The main argument is that 

local involvement throughout different project development phases can lead to the creation of 

community ownership that contributes to successful mini-grid governance. The structure of this 

chapter will follow a chronological order of three project development phases, starting from 

community involvement during the planning phase, construction phase and operation phase. The 
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different approaches of how the community can be involved will be discussed and its implications 

on ownership and the long-term governance of mini-grids.  

In the planning phase, one key lesson learned from literature is that that mini-grids should be 

designed with consideration of the local context and needs (ARE, 2014). On the one hand, this 

means the technical assessments; geographical assessments (i.e. Site remoteness, terrain 

assessment, village & household mapping), energy resource assessments (i.e renewable energy 

resource availabilities), energy demand assessment (i.e. appliance data, consumption behaviour, 

estimations of current and future consumption). On the other hand, there is the socio-economic 

context and institutional arrangements that should be considered in the planning phase (C. 

Bhattacharrya & Palit, 2014). The social relations and institutions within the community should 

also be understood in the planning phase. Local engagement in the planning stage may be 

conducted in various forms; interviews, formal & informal meetings, focus group, community 

consensus etc. Community engagement is not a one-way communication and “should seek 

genuine participation” that encourages empowerment and cooperation from the local community 

and not imposed on them (Alvial-Palavicino, Garrido-Echeverría, Jiménez-Estévez, Reyes, & 

Palma-Behnke, 2011b). Community involvement during the planning phase is key to laying a good 

foundation for the next-steps in building successful mini-grids. There are two reasons that 

supports this claim, for technical and economic reasons. Technical designs benefit from 

community involvement in matching technical designs to current and future demands that reduces 

constraints and limitations of the system and avoid premature failure of mini-grids. Planning 

generation costs and tariffs that are adequate to the community’s ability and willingness is thus 

important to the long term financial and operational viability of the mini-grid. 

Relating to our case study, the planning phase of Koh Jik was conducted in prior to the 

implementation of the mini-grid system in 2004. The evidence of the different local engagement 

activities for the set-up of the Koh Jik mini-grid has been found comprehensively described in the 

work of Suwannakum (2007). The study assessed the local context through conducting surveys 

and allow for community involvement through open discussions within and among community 

members. The survey yielded mapping of all households in the village, 98 households at the time 

(shown in Figure 5.1) and provided details on the type electrical appliances that were found on the 

island, quantity of appliances, wattage of appliance and the estimated energy demand (shown in 

Table 5.1). It is extremely hard to estimate energy demand and future demand growth, especially 

for a village that has never had access to electricity (Schnitzer et al., 2014; Williams et al., 2015).  

Prior to the mini-grid, the island had 4 hours of electricity supply from diesel generators, so in 

order to design an energy system for 24 hours, a bottom-up approach was used, involving the 

local community to estimate demand (Suwannakum, 2007). The total energy demand before the 

inception of the mini-grid was estimated to be 115.87 kWh/day with limited hours of usage. The 

forecasted energy demand after the mini-grid included data on future growth of demand from 

appliances like refrigerators, rice cookers, electric irons that could be enabled with reliable supply 

of electricity. The 24-hour energy demand was forecasted to be 265 kWh/day and was used as 

the design point for the Koh Jik mini-grid. In 2019, the current daily consumption ranges from 240 

– 260 kWh/day, on average, which reflects consistency with the forecasted values since the mini-

grid’s inception. These findings also show the relation of mini-grids as a socio-technical system,  
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where the social aspects are important to inform technical aspects. Bottom-up date from the local 

community is highly beneficial to mini-grid technical design in the planning phase. Poor design of 

mini-grids has been reported as one of the major factors that causes curtails the lifespan of mini-

grids (Akinyele et al., 2018) and can lead to project failure. Since accurate sizing of mini-grid is 

highly dependent on energy demand estimation, precise energy demand that factors in future 

needs of the local community contributes to better sizing of the mini-grid and long-term operations 

of the mini-grid.  

Another important assessment which requires community involvement during the project planning 

phase is the socio-economic assessment to determine the ability and willingness to pay for 

electricity services of electricity users. The ability to pay was defined by (Suwannakum, 2007) as 

the price per kWh of which the villagers have been paying for electricity, which was surveyed from 

the villagers annual amount costs for diesel fuel to run the generators. It was determined at that 

time that the ability to pay was 0.360 EUR/kWh (Suwannakum, 2007). The ability and willingness 

to pay assessment is a prerequisite to setting suitable tariff structures, since tariffs must keep a 

balance between financial sustainability of the project and affordability of the consumer(ARE, 

2014). Tariffs exceeding the ability and willingness to pay cannot be afforded by the consumer 

and tariffs that are not cost-recovering do not ensure long-term financial sustainability of the 

project. The initial tariff that was implemented for Koh Jik was 12 THB/kWh, or approximately 0.25 

EUR/kWh (Exchange rate of 48 THB/EUR), which was within the determined ability to pay of the 

community. Community involvement during the planning phase showed positive benefit towards 

avoiding long term governance problems (such as overuse and non-payment issues) 

In the construction phase, there are two aspects of community involvement, physical contributions 

and financial contributions. It is argued that having either or both contributions coming from the 

community themselves lead to creation of community-ownership of the mini-grid system. 

Empirical data from interviews with community leaders and villagers in the community revealed 

 Table 5.1 Koh Jik appliance data during planning phase 
Source: Adapted from Suwannakum (2007) 

 
Figure 5.1 Koh Jik village mapping during planning phase  
Source: (Suwannakum, 2007) 

Appliances Power  
(Watt) 

Quantity  
(unit) 

Duration 
(hr) 

 Daily 
Energy 
Demand 
(kWh) 

Fluorescent 
lamp 

13 686 18.30-22.30 35.672 

Television 29” 200 1 18.30-22.30 0.8 
Television 25” 150 2 18.30-22.30 1.2 
Television 21” 100 6 18.30-22.30 2.4 
Television 20” 70 41 18.30-22.30 11.48 
Television 14” 50 53 18.30-22.30 10.6 
Television 14” 
B/W 

20 6 18.30-22.30 0.48 

Stereo 30 63 18.30-22.30 7.56 
VCD player 35 58 18.30-22.30 8.12 
Fan 35 180 18.30-22.30 25.2 
Motor/pump 2500 1 18.30-22.30 10 
Washing 
machine 

500 2 18.30-22.30 2 

Sound broadcast 
system 

90 1 06.00-08.00 0.36 

Total    115.87 
kWh 

Maximum Power 30 kW    
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that they were involved in physically building the mini-grid system and financially involved in order 

to realize the system. Without such contributions, the mini-grid would not have been successfully 

inaugurated in the first place.  

An example of physical involvement apparent during the construction is the involvement of the 

community in transporting equipment. Many people from the community, leaders and members 

included, were involved in transporting diesel generators, batteries, wind turbines from the 

mainland to the island and from the island’s pier to the powerplant which is on small hill. The dry 

weight of the diesel generator is 420 kg, transportation without heavy machinery relied on local 

knowledge and practice. Transportation of lead acid batteries each cell weighing 50-60 kg were 

transported by local workforce hand-carrying the batteries and use of three-wheeler carts. Due to 

large physical labour work required, large parts of the community were involved in the process. 

The most challenging part of construction was the transportation and installation of two wind 

turbines. Without machinery, the villagers had to collectively hand-carried wind turbine towers 

and blades up to the top of the hill. Villagers expressed that the task was quite “difficult” and 

“dangerous”, since the hill was steep and the wind turbine towers were long and heavy. It is 

argued here that the collective physical effort is an important part which contributed to building 

community ownership. Community members experienced the difficulties that they have to go 

through in order to gain reliable access to electricity and that the system is not taken for granted. 

Through the construction process, community members also learn about mini-grid components 

and renewable energy technologies that are powering their community. 

Apart from involvement with physical contributions, the community was involved in financing a 

portion of the project which is an important aspect in building community ownership to ensure a 

project’s success. As mentioned, the mini-grid received a 167,708 EUR grant from the Energy 

Conservation Promotion Fund (ENCON Fund) which was sufficient to cover the powerplant 

(generation assets) and distribution grid covering the island Suwannakum (2007). The total capital 

cost of the project was 180,208 EUR, therefore the remaining amount of 12,499 EUR was financed 

by the village electricity committee whom took a bank loan with 4% interest and repayment time 

of two years (Suwannakum, 2007). The loan put financial pressure on the community to ensure 

that electricity payments were collected from every households and the loan can be repaid. 

Despite the fact that the loan was not positively received by some members of the community, it 

was successfully paid off in due terms. 

The community’s physical and financial contributions played a major role in the establishment of 

the mini-grid, as a result the community has vested interest in the functioning and continued 

operation of the mini-grid, can be expressed as gaining local buy-in. This is in line findings from 

literature, Höffken (2012) suggested that the community member’s physical engagement during 

the construction phase created ownership, since it shifts responsibility for the plant’s functioning 

to the community. Creation of community ownership is also seen as a condition for the plant 

operational viability (J.I. Höffken, 2012). 

In the operation and management phase, it is important that the community are involved in some 

or all of the operation and maintenance activities. The degree to which the community are involved 

depends on the choice of operator model, mini-grids can be utility-operated, privately-operated, 

community-operated or a combination of operator (hybrid-operator models) (ARE, 2014; Franz et 
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al., 2014). Activities such as day to day operations, system maintenance, monitoring, payment 

collection, accounting until decision making on tariffs can involve the community. When ownership 

is created through involvement and responsibilities, the mini-grid is of vested interest to all 

members in the community and can avoid premature failures where the mini-grid is not properly 

maintained. 

In Koh Jik, all responsibilities in operation and management lies directly with the community, thus 

called ‘community-based’ mini-grid. In this model the community assumes all of the operation, 

maintenance and management responsibilities of the mini-grid. After construction has been 

completed in 2004, the community takes management role of the mini-grid as the owner and 

operator of the mini-grid. A handful of people in the community were elected to be responsible 

for the decision making in mini-grid management under a village committee structure. Certain 

members are tasked with the day to day operations and maintenance of the mini-grid as 

employees to perform certain duties. Such as diesel oil refuelling, PV panel cleaning, monthly 

payment collection etc. Monthly community-wide meetings are organized as space to inform, 

gather feedback and allow members in the community to discuss about different topics (mini-grid 

and general community topics). The organization structure and responsibilities of the community 

is an important aspect to governance, which will be further explored in the next section of this 

chapter. 

Although there were ups and downs with mini-grid management, i.e technical faults, diesel price 

hikes, overcoming revenue loss, the community have been able to ensure continued operations 

to date. Being community-operated, the functioning of the plant is of mutual interest to everyone 

in the community no matter the responsibility, the leaders, mini-grid operators, and other 

community members are all involved. In an interview with community leaders, they expressed that 

all villagers have a sense of ownership and help maintain the system. One example that was given 

during an interview was:  

 “The villagers are always helpful when there is a problem with the (mini-grid) 

system. Many years back, a big storm brought down several electricity poles. 

In such case, the villagers voluntarily came together and help each other to 

put up the electricity poles”  

- Community Leader 

Without proper operations and maintenance by the mini-grid operator or timely electricity 

payment by the community members, the people understand that the mini-grid will fail and the 

alternative will be to return to using personal diesel generators. Findings on Koh Jik found that the 

community were able to finance component replacement when faced with technical faults. For 

example, the wind turbines power converter got damaged twice from lightning strikes, on the first 

occasion the community were able to claim a warranty from the supplying company. On the 

second instance, it was out of warranty and the community had to pay for its’ replacement. They 

were able to finance this maintenance due to having replacement funds for such unexpected costs 

and pre-assigned maintenance responsibility tasked to the community. Although, it was late found 

that these funds were insufficient for more costly asset replacement. These are important issues 

relating to tariff designs and will be more sufficiently explained in Chapter 6. 
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Empirical findings from Koh Jik rather provide several contradictions to some of the literature 

findings. Many mini-grid case studies have found that granted projects are prone to fail due to the 

lack of ownership from the community. Zalengera & Kingdom (2011) suggested that philanthropic 

projects (granted projects or fully subsidized projects) risk failure when faults occurred, since the 

community are not willing to finance the maintenance of the systems. The issues may be more 

common to granted projects because granted projects are prone to being set-up with minimal 

involvement from the community, which leads to lack of ownership. Unassigned and lack of O&M 

responsibilities is a common pitfall, where the community do not know from the start that they are 

responsible for maintenance and are not willing to pay for maintenance costs. Akinyele et al. 

(2018) report of cases where the community have false expectation that since the project was put 

there by the benefactor (or grantor), the responsibility to operate and maintain is also with the 

benefactor. These problematic conditions were not found on Koh Jik, it can be argued that this is 

because of the community taking ownership of the mini-grid. 

To summarize this section, the importance of local involvement and creation of ownership in mini-

grids have been discussed. Local involvement and ownership throughout all project phases lay 

the foundation to building a successful mini-grid. Involvement in the planning phase helps with 

technical and social institutional designs in setting-up the mini-grid. In the construction phase, 

community can be through physical and financial contributions play a role in gaining local buy-in 

and have the community’s vested interest in ensuring operation of the system. Operation and 

management of community-operated mini-grids are intrinsically directly involving the community 

in all aspects and activities. Due to community involvement and engagement in all project phases 

(planning, construction, and to operation and management), the community as a whole is well 

informed of the mutual responsibilities that they have to ensure functioning of the mini-grid. 

Community members who are end-users understand that although the system was mostly granted 

does not mean that electricity service is for free and it is also their responsibility to pay for 

electricity. Empirical findings on Koh Jik are similar to those in literature that commonly refer to 

the benefits of having local involvement and participation since it brings a sense of ownership into 

rural electrification projects (Akinyele et al., 2018; Johanna I. Höffken, 2016; Palit & Chaurey, 

2011), ownership translates into commitment by the community to keep the system properly 

operated and maintained (Zalengera & Kingdom, 2011). This leads to next discussion on how 

community-based mini-grids can be structured and responsibilities assigned within the mini-grid. 
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Organization Structure & Responsibilities 

In this section, it is argued that clear organizational structure and distinct assignment of 

responsibilities are key aspects to successful governance of mini-grids. The organization of Koh 

Jik mini-grid is explored in this chapter. Community are the owners and operators of this mini-

grid, but two separate entities were created to manage the mini-grid, namely the village electricity 

committee and the rural energy service company (RESCO). Both are important to the workings 

and governance of Koh Jik mini-grid. Arrangement of roles and assignment of responsibilities are 

also discussed. 

A village electricity committee (VEC) was set-up as the governing entity of the mini-grid, 

responsible for making key decisions and oversee the operations of the Rural Energy Service 

Company (RESCO). The VEC was established together with the inception of the mini-grid. The 

assigned function of this committee is to oversee equipment procurement, financial status and 

accounting of the RESCO and make decisions on setting electricity tariffs to reflect fuel price 

changes (Suwannakum, 2007). They can be considered as the decision-making and governing 

body of the mini-grid that acts on major policy changes.  

 

Figure 5.2 Organizational structure of Koh Jik mini-grid 
Source: Author’s illustration, adapted from (Suwannakum, 2007)  
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Due to already high grid electrification rates in rural area, Thailand does not have ongoing 

electrification programme nor legislations that dictates for a village to have an electricity 

committee. Unlike other countries with dedicated electrification programmes where the structure 

of local committees are clearly laid down, for example in India the village energy security 

programme (VESP) in India (Palit et al., 2013) stipulates that a village energy committee (VEC) 

should be formed to take responsibility of electricity provision in that village. Koh Jik represents 

mini-grids in areas with no pre-existing guidelines, it provides basis for argument that the ability 

to embed the electricity committee to existing community structure is a benefit to its governance. 

For this reason, the village electricity committee is a unique feature for Koh Jik that is not 

commonly found in other villages in Thailand. 

In Koh Jik, the village electricity committee is embedded as a sub-committee that acts under a 

pre-existing overarching structure called the village committee. The village committee is a 

structure used in all villages in Thailand, which is governmentally endorsed by the Department of 

Provincial Administration (DOPA) under the Ministry of Interior. Thai laws determined that a village 

shall be governed through three entities; the elected chief of village, deputy chiefs of village and 

the elected village committee. The use of existing structure is beneficial to the mini-grid as it can 

avoid creation of new organizational structure, rules and regulations for governance. Figure 5.2 

shows the overall organization and administrative structure of the Koh Jik mini-grid. On the same 

level, there can be other sub-committees, such as the water committee which oversees the 

provision of the village’s water services.  

The electricity committee is composed of 13 members (incl. 1 chairman, 1 vice-chairman, 1 

secretary and 10 committee members). The committee members are elected by people in the 

community and are re-elected every 4 years. By acting as a dedicated committee to electricity 

issues, the committee makes it easier to come up with decisions and policies to manage the mini-

grid. Over the course of 15 years of operation, the village electricity committee have made several 

key decisions on the management of the mini-grid. Some of the decision include; creation of local 

rules on electricity access and consumption, setting of electricity tariffs and adjustment to reflect 

generation costs, imposing tariff structure with different bulk pricing plans to ensure cost recovery. 

Further explanation on the discussions on tariff structure and tariff adjustments will be made in 

Chapter 6. 

There are several benefits that the VEC brings in terms of governance. The VEC provides 

structure of a governing body with decision making power, allowing key decisions to be 

collectively made. Having an elected committee is an important issue, contributing to 

transparency and good governance. Decision making power is then shared between members of 

the committee, as stated in an interview with the community leader: 

“Our mini-grid is managed under the management structure of a committee… 

issues regarding the mini-grid must done through an approval by the 

committee” 

- Community Leaders 

The village electricity committee structure bridges the gap between one end of the spectrum of 

having no structure for decision making and having to reach a consensus with all community 
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members involved. To the other end of the spectrum where few people in the community taking 

full control dictating all activities in the mini-grid which decreases transparency and increases 

opacity. The electricity committee acts on behalf of the community to assume communal asset 

ownership. Similar structure of a VEC can be found in mini-grid cases in India. Findings from 

Ulsrud et al. (2011) talks about the institutions of Local Beneficiary Committees. However, the 

beneficiary committees serve only as an intermediary entity that facilitates negotiations between 

the owners of the mini-grid (the government) and customers, whereas the VEC on Koh Jik 

assumes ownership plus O&M responsibilities. A common trait here is that a VEC is needed to 

facilitate the overall governance of the mini-grid. For example, to administer and control electricity 

consumption to avoid overuse issues and enforcement of penalties upon consumers that do not 

pay (Ulsrud et al., 2011). This highlights the importance of a committee structure as tools for 

governance in mini-grids. 

Apart from the VEC, Koh Jik implements a second entity which is the RESCO. This structure 

assigns clear responsibilities; VEC as a governing body and RESCO as an operations and 

maintenance entity, this is referred to as the unbundling of community entities. The following 

section discusses the arguments for unbundling institutions. 

The RESCO is an entity responsible for the conducting operations and maintenance of the system. 

Their main responsibilities are to schedule asset operation, system monitoring, manage fuel 

purchase, exchange diesel engine lubricant oil, preventive maintenance of battery and PV panels, 

equipment replacement, endorse new connections, billing and collection of electricity payments. 

The RESCO acts on decisions made by the village electricity committee regarding management 

procedures, policies, tariffs etc.  

As seen in Figure 5.2, the initial set-up of the RESCO comprises of a manager, accountant, cashier 

and technician, whom are all locals in the community and are employees. Employees are selected 

through a decision made by the village electricity committee. Revenue collected from electricity 

payments are then used to pay for the fuel costs, equipment replacement costs, salary of the 

RESCO employees and other necessary costs related to the mini-grid’s operation, altogether this 

can be seen as O&M costs. The remaining balance is kept in the RESCO’s bank account as funds 

for future replacement of mini-grid assets. The RESCO can be seen as performing the role of a 

mini-grid operator. 

This distinction between village electricity committee and the RESCO make responsibilities clear 

to all involved parties. RESCO employee are able to focus on the day to day management of the 

mini-grid. While the village electricity committee meets on a monthly basis to review the RESCO 

operational status and make key strategic decisions when necessary. Since, the RESCO handles 

the money, having a village electricity committee continuously monitoring the RESCO’s operation 

to avoid fraudulent activities as checks and balances mechanism. To promote transparency and 

ensures that the general villagers outside of the committee are involved, a village-wide meeting is 

also held every month to disseminate general information and serve as a stage for public hearing 

where villagers can voice their opinions. The community committee and public involvement 

process induces transparency in the mini-grid’s management. A community member said that: 
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“The chief of village and the committee manages the job (electricity supply)…I know about 

electricity issues from village meetings where the chief invites us (villagers) every month” 

- Community Member 

From literature, Wolsink (2012) argues that ownership of assets may be separated from 

management of assets, a newly create actor such as the energy service company can act as a 

specialized actor that is handling operation and management issues. Empirical evidence reveals 

that the unbundling of ownership and management created positive outcomes for the governance 

of Koh Jik mini-grid. It should be noted that this does not mean that the organizing structure on 

Koh Jik represents the only way on how mini-grids can be organized. But it brings out implications 

for organizational structure and responsibilities bring to a community-operated mini-grid. 

On an additional note, it was found that the RESCO doesn’t have a status of a legal entity as it was 

formally embedded under the village committee structure, which is a governmental structure. Not 

being a legal entity means that it cannot engage in legal transactions with other legal entities. In 

simply terms, the RESCO was not able to make legal contracts with private companies. This is a 

problem because private companies operate under legally binding contracts in order to make 

investments into upgrading the mini-grid. Thus, the findings from Koh Jik suggests that the RESCO 

should be registered as a legal entity in order to unlock private investments for community-based 

mini-grids. 

To summarize this section, I have argued that a distinct organizational structure and assignment 

of responsibilities contributes to the better governance of mini-grids. Local entities can be created 

within the community to assume certain responsibilities. The case of Koh Jik presents a structure 

that unbundles asset ownership to mini-grid operation, the village electricity committee is the 

decision making body and the RESCO is the O&M operator that handles the day to day operation 

of the mini-grid. The unbundling promotes transparency and allow for monitoring checks and 

balances mechanism to be imposed within the mini-grid governance. However, the structure alone 

only provides the frame, its internal institutional practices is what drives good governance in mini-

grids which will now be discussed in the following section with establishment & enforcement of 

local rules. 

Creation & Enforcement of Local Rules 

This section argues that the creation of local devised rules (‘local rules’) are important institutional 

aspects that contribute to successful governance of mini-grids. Local rules are institutional 

arrangements that can be implemented to avoid various problems and pitfalls in mini-grid projects. 

It should be noted that the term ‘local rules’ is hereby used to refer to institutional arrangements 

that are both formal and informal (Ulsrud et al., 2011), both written and non-written rules. Creation 

of rules alone are not effective without proper enforcement and therefore this section will be 

providing arguments supporting both the creation and enforcement of locally devised rules. 

This section pinpoints three problems that can be avoided through the creation and enforcement 

of local rules, they will be used to structure this section. Creation and effective enforcement of 

local rules contributes to; 1) Manage mini-grid’s capacity limitation 2) Manage electricity payments 
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3) Avoid incidences of electricity theft and fraudulent activities. The three arguments will be 

individually discussed in the following sections.  

First, it is important to understand the underlying problem regarding technical limitations of a mini-

grid. Mini-grids are typically bounded by technical constraints on maximum power and energy 

availability which results limitations of energy supply for the community. In common practice, mini-

grids are designed to accommodate a certain peak load, being limited by the specifications of 

power generation components (Schnitzer et al., 2014). In a hybrid mini-grid that is also being 

supplied by PV coupled with energy storage systems (i.e. batteries) there is a limitation for the 

amount of energy (kWh) that can be supplied over a certain duration (Schnitzer et al., 2014), due 

to the fact that there is limited energy production capacity from PV and limited storage capacity 

of the batteries. These limitations lead to two common problems of mini-grids being overloaded. 

First problem is the community consuming more power than the peak capacity of the mini-grid 

system in a short duration causing partial brown outs or blackouts. The other problem is demand 

growth from more appliances being used in households that lead to insufficient of energy which 

may cause certain periods of blackouts. There is a need to control the amount of load a household 

consumes or limit the appliances, therefore a common solution to control problem of over-use is 

by using load limiters (Greacen, 2004), devices that limits the peak power that can be consumed. 

Load limiters are generally cheaper than watt-hour meters and easier to implement when used in 

conjunction with power-based tariff systems. However, there is the risk of theft and fraud from 

tampering with load limiters or by-passing the limiters, which can be difficult to detect because 

there is no record of the quantity of electricity consumed (Schnitzer et al., 2014; Suwannakum, 

2007).  

Greacen (2004) found that rules to govern electricity consumption did not work for mini-hydro 

projects in Thailand and advocated for load limiters to be used instead. On the contrary, empirical 

evidence from Koh Jik showed that local rules were able to be used to limit and control appliances 

in order to manage the mini-grid’s technical limitation. These findings are in line with ones from 

Gollwitzer et al. (2018), it was found that rules can obviate the need of load limiters if the entire 

community is aware and abides by the rule. Since the inception of the mini-grid, the community 

on Koh Jik as a whole reached a consensus to prohibit use of certain high wattage appliances, 

also known as type-of-use rules (Gollwitzer et al., 2018). The consensus was formally inaugurated 

as one clause in the community charter which represents the rules and regulations that governs 

the village. From interviews with members in the community they are aware of this rule and are 

willing to abide by it. This because it has been effectively communicated since the project’s 

inception that the system is only capable of supplying a certain amount of power and to use high 

wattage appliance would overload the system and risk brownouts and blackouts for the whole 

community. A community member stated in an interview that the current lists of prohibited 

appliances include the following:  

“…it was agreed in the community charter, air conditioners are prohibited, 

automatic water pumps, large refrigeration units and electric stoves are also 

prohibited because of their high electricity consumption. In addition, there are 

no hair salons on the island because they (appliances used in) are prohibited.”  

- Community Member 
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Although it should also be noted that there are other high wattage appliances which are not 

prohibited for use. Other appliances with high wattage was observed on the island, they are 

allowed because they are essential tools to improve their livelihood, for example high pressure 

pumps for cleaning of fishing equipment, welding machine to fix boats and electric power tools 

for maintenance and construction work. These appliances are only found in a few households. 

Therefore, it should be added that creation of type-of-use rules should not be established by using 

appliance wattage as a strict limit. Appliance to be prohibited can be selected based on necessity 

and local context. In a broader sense, appliance prohibition rules should avoid interfering with the 

ability for the community’s productive use of electricity to enhance welfare and income.  

Findings from Gollwitzer et al. (2018) suggest that type-of-use rules are also related to fairness in 

allocation, where electricity can be made available to larger number of people than it could without 

the rule in place, especially significant in mini-grid with very limited capacity of supply. Such rule 

can also add to equality of access where community member get access to similar amount of 

electricity (Gollwitzer et al., 2018).  

Secondly, payment collection for rural mini-grids is often a key challenge for mini-grid owners and 

operators (Schnitzer et al., 2014). The financial sustainability of mini-grids and its success is to 

some extent dependent on the cooperation of consumers providing timely payment of their 

electricity bills and the efficacy of payment collection (Schnitzer et al., 2014). Having un-timely 

payment can lead to the lack of operational funds and financial losses for mini-grids with debt 

interest (Williams et al., 2015). To the extent that Wagemann & Manetsgruber (2016, p.109) 

pointed out that risk of non-payment is “one of the most important threat that mini-grid projects 

have to overcome”. Best practices in mini-grids often mention that penalties should be 

incorporated into mini-grid rules to discourage consumers from making delayed payments or no 

payments at all (Schnitzer et al., 2014). Formal penalties in form of supply disconnection or fees 

are prevalent in mini-grids, but findings do suggest that strict enforcement of penalties do not 

guarantee high collection rates (Schnitzer et al., 2014). There are other factors that contribute to 

managing payment collection, to build on that note Koh Jik provide basis for the argument that 

creation of strong social norms can be used alternatively to strict enforcement of penalties. 

Empirical findings yield evidence that strong social norm can be created from having peer 

pressures, social sanctions or fear of consequences that results in the community’s compliance 

to local rules in a community-operate mini-grid. Findings from Winther (2012) supports this 

argument, it was found that customer compliance was a result from strong social norm rather than 

the people’s fear for penalty. 

During the initial planning phase for Koh Jik mini-grid, the community is made aware of the fact 

that every connected household will be charged for their consumption at the agreed electricity 

tariffs in order for the system to recover the costs for O&M. In contrary to best practice findings 

from literature (ARE, 2014; Schnitzer et al., 2014), Koh Jik does not have a written connection 

agreement (or contract) with its consumers. But it was mutually agreed within the community that 

formal penalties, in the form of supply disconnection, will be imposed on households that does 

not pay for electricity. However, when it comes to actual enforcement on electricity payments, the 

village electricity committee found that strict enforcement of formal penalties was not practical to 

impose. This is because of the social context, the island is a close-knit community where everyone 
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is a family member or relatives to everyone else, there is a strong communal spirit of supporting 

each other. For the village electricity committee to disconnect supply to household that misses 

electricity payment is a sensitive issue that may be negatively received by community members, 

which can create social tension within the community. Interview with members of the electricity 

committee confirms that there has not been a single case of disconnection due to untimely 

payments, Instances of untimely payment or postponement of payment to the next month(s) 

occasionally happen for a few households. The issue of payment delays and postponement was 

explained by a member of the village electricity committee:  

“Some households have overdue electricity payments. This is because some 

are low income household that relies on fishery. (Income from) fishing is highly 

variable depending on day to day weather and seasons. In some months they 

do not have (sufficient) money for electricity payments.” 

-Village electricity committee member 

There are other cases where overdue payments may happen because some of the families are 

away from home for long periods on fishing trip or visiting relatives on shore. But interestingly, it 

was found that overall payment collection rate is very high and, in all cases, the overdue payment 

was fully repaid to the mini-grid in an acceptable duration, mostly between 1-3 months. Instead of 

strict enforcement of penalty, social norms for electricity payments was intrinsically created by 

means of peer pressure, informal social sanctions or fear of consequences. The community leader 

quoted that: 

 “The governance of a community intertwines between different entity 

(sectors) in the community...for example, members of the community have the 

benefit of being a member of the community savings group that provides 

various social benefits and the ability to take out low-interest personal loans. 

Exclusion to benefits (in the community savings group) can be used to put 

pressure on community members who violate the community rules” 

-Community leader 

In this case, pressure is put on community members to comply to all local rules that are 

established in the community, otherwise failing to abide to local rules for electricity use can have 

consequences in assuming social benefits and ability to access financial loans. This highlights the 

importance of community organization structure, the different sectors (electricity, water, financial) 

in the community are managed under a single overarching village committee structure. Peer 

pressure is also a factor contributing to the compliance in local rules, when it is a social norm that 

every household, family and neighbours, pays for electricity then there is an inherent social 

pressure for every household to do the same. Social norms of what is an appropriate behaviour 

to do is shaped by peer judgements (Winther, 2012). 

 Thirdly, electricity theft represents the main source of revenue loss in mini-grids. Electricity 

theft is carried out through unauthorized connection to the grid or intentional bypass of meters 

(Buevich et al., 2016). Through strong social norms and high degree of community involvement, 
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incidences of fraudulent activities and electricity thefts can be avoided. Interview with an 

employee of the RESCO revealed that: 

“There has been no case of electricity theft due to oversight of people in the 

community. No one has attempted to make illegal connections because (being 

a small island) it is easy to detect a house that does not pay for electricity but 

has their lights on.” 

-RESCO Employee  

Similar findings from literature have also been observed. Winther (2012) found that an institutional 

set-up with emphasis on local involvement in the control of customers worked well to avoid 

electricity thefts and increase revenue collection rates. Due to peer pressure and self-monitoring, 

the author reports that theft is almost non-existence and defaults are few (Winther, 2012). Issues 

of electricity theft can also be linked back the community involvement and ownership. The findings 

from Koh Jik are in line with Gollwitzer et al. (2018) who argues that community involvement 

discourages electricity theft by wiring around the meter. When the system is locally owned and 

managed, there is a mutual understanding that tampering with the system could affect everyone 

(Gollwitzer et al., 2018). In some sense this is also connected to Winther (2012) who suggests the 

term “fear of social sanctions” to describe the fear of social consequences within the community.  

To summarize this section, I have provided several arguments to why the creation and 

enforcement of local rules are important aspects that contribute to success governance of mini-

grids. Empirical findings suggest that creation of type-of-use rules can be used to limit and control 

appliances, without the need of using load limiters, in order to manage the mini-grid’s technical 

limitation. I have also provided arguments that the creation of strong social norms can be used 

alternatively and more effectively compared to strict enforcement of penalties. It was also found 

that incidences of fraudulent activities and electricity theft can be avoided through having strong 

social norms and high degree of community involvement. Local involvement influences peer-

pressure and self-monitoring within the community.  

Summary 

In this Chapter I have provided answers to sub-research question ‘Which aspects are most 

important in mini-grid governance?’ in which I have argued for three most important aspects which 

are the following; local involvement & ownership, organization structure & responsibilities and 

creation & enforcement of local rules. It was found in different dimensions that these aspects 

contributed to successful governance of mini-grids. Community ownership helps to avoid 

common pitfalls where a mini-grid lack commitment in operation and maintenance. Organizational 

structure with the unbundling of VEC and RESCO helps with clear assignment of roles and 

responsibilities while also providing transparency for mini-governance. Finally, creation of local 

rules, such as type-of-use rules was found to be an effective governance tool to avoid overuse 

problems. Creation of strong social norms were also found to be more effective at rule 

enforcement than applying strict penalty measures. 
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Tariff, Metering & Billing 
In this chapter, I will explain the most significant factors in the design of tariff, metering and billing 

systems in a community-based mini-grid, in response to the second sub-research question. The 

findings also present social implications of deployment of different tariff systems (energy-based 

tariff and bulk-pricing) and metering and billing system (prepayment and post payment). By social 

implications, I refer to the perception and behaviour of main actors towards the different systems.  

The chapter will be structured with 4 main section. The first section introduces policy and 

regulatory which is a key factor in influencing mini-grid tariffs design. The second section explains 

the concept of cost-recovery tariff in perspective to the mini-grid’s long term viability and 

emphasize the importance of mini-grid operational model in tariff design. The third section present 

three key principles from empirical findings that are important to tariff designs. The final section 

provides insight on the implications of tariff, metering and billing systems towards the perception 

of consumers and operators of a community-based mini-grid. 

Mini-grid policy and tariff regulation 

The first important factor in mini-grid tariff design is the policy and regulatory context in which the 

mini-grid is situated in. There are varying levels of tariff regulation which is usually determined by 

national policies and is different from country to country. A brief classification and explanation on 

the different spectrum of tariff regulation will be described in this section. 

As the underlying principle, electricity tariffs are regulated with the perspective of providing equity 

and affordability amongst consumers (Melnyk & Kelly, 2019). At the national level there are two 

spectrum on how mini-grid tariffs are determined and regulated, on the one end is having a full-

fledged uniform tariff or on the other end a deregulated cost-reflective tariff (Reber et al., 2018). 

Under uniform tariff schemes, mini-grids are regulated to charge the same tariff schedules as that 

of a utility grid without differentiation between rural, urban or isolate off-grid systems. In most 

countries, this infers that mini-grids will not able to compete on a price to price basis with national 

utility rates (Comello, Reichelstein, Sahoo, & Schmidt, 2017). National tariffs are often too low to 

attract investors to develop mini-grid projects (Reber et al., 2018). Comello et al. (2017) points out 

that the differential between national utility rates and the tariff to recover mini-grid costs is one of 
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the major barriers to mini-grid deployment. Mini-grids under uniform tariff regulation are usually 

financially unviable without compensation through subsidies and grants. Resulting in slow mini-

grid deployment rate, as projects await governmental compensation schemes or only possible for 

public utilities projects. 

On the other end of the spectrum, a deregulated cost-reflective tariff scheme enables mini-grid 

developers (private, public, community) to charge a tariff that is high enough to recover costs 

(capital and operational) for mini-grid deployment. Tariff schedules are generally an agreement 

between mini-grid developers and consumers. The term ‘cost-plus’ has been used to refer to tariff 

that allows for cost recovery plus a margin of return to investors and developers of mini-grid 

(Melnyk & Kelly, 2019). Cost-reflective tariff can more effectively attract investments into mini-grid 

and increase the speed in which new projects can be deployed (Reber et al., 2018). However, 

cost reflective tariffs poses several regulatory issues, since different mini-grids will have different 

tariff rates. As discussed by Bhattacharyya (2013), the acceptability of differential rates can be 

limited, especially when grid-based electricity supply benefits from subsidies and cross-subsidies 

while off-grid systems do not.  

In between the two spectrums, mini-grid tariffs that are higher than uniform tariff may be 

prescribed or approved by energy regulators in a concessional or licensing scheme 

(Bhattacharyya, 2013). In concessional schemes tariffs can also be determined through the 

process of reverse- auctions, where mini-grid developer competitively bids to offer the lowest tariff 

in deploying mini-grid projects (Melnyk & Kelly, 2019). Tariffs that are determined on an individual 

case by case basis may prove to be a challenging task for regulators when the numbers of 

regulated projects increase (Bhattacharyya, 2013). How to best regulate tariff without imposing 

too much regulatory burden remains an open issue, with limited experience of successful cases 

in developing countries. 

It is implied here that the national regulatory context has a significance impact on how mini-grid 

electricity tariffs schedules are determined. Therefore, it should be noted that the empirical case 

used in this research unfolds under the regulatory context of Thailand. The energy regulatory 

framework in Thailand is established by the Energy Regulatory Commission (ERC). Thailand 

maintains a uniform tariff policy for electricity service supplied by public utilities in Thailand 

(Gamonwet, 2017). This policy extends to rural areas and isolated mini-grids that are owned by 

the public utilities, meaning that rural customers supplied by utility’s mini-grid are charged at the 

uniform tariff schedules. However, the current regulatory framework does not apply uniform tariffs 

on privately or community owned mini-grids. These mini-grids are able to establish tariffs that are 

not restricted by the national uniform tariff, established through an implicit agreement between 

customers and mini-grid operators (Reber et al., 2018). The ability to establish cost-reflective tariff 

was found to be key in the success of Koh Jik mini-grid, as will be further explored in the following 

section of this chapter. The discussion on the implications of mini-grid tariff regulatory issues are 

excluded from this chapter and will be briefly revisited in Chapter 8.   
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Cost recovery tariff and operational model 

In this section, the concept of cost-recovery tariff is established while emphasis is made on the 

linking mini-grid tariffs to its operational model. The way in which mini-grid projects are 

implemented influences the motivation for cost recovery and ultimately the design of tariffs. 

Therefore, it is emphasized here that a mini-grid’s operational should be identified in order for 

tariffs to be effectively designed. 

The term ‘cost-recovery’ tariff stems from the idea of that tariffs is being used as an instrument to 

recover costs (and generate revenue) in order to make financially viable mini-grids. This coincides 

with the term from Schnitzer et al. (2014) phrasing that ‘virtuous cycles’ are created for the mini-

grid, where financial viability can be achieved through well planned tariff design. Establishment of 

cost-recovery tariff means that the mini-grid generate enough revenue to recover cost that occur 

in a mini-grid. 

In order to effectively design mini-grid tariffs, the determination of its operational model and extent 

of cost-recovery is most important. There needs to be a distinction on the degree of cost recovery, 

since the objective of cost recovery is not the same across all mini-grids. The way in which the 

mini-grid was implemented (i.e. privately financed, utility financed, grant funding and subsidies 

etc.) results in a different operational pathway with differing motivations to establish cost recovery 

tariffs. For simplicity, mini-grids can be broadly classified into either of the three operational 

models; i) for-profit mini-grids, ii) partially subsidized mini-grids and iii) fully subsidized mini-grids 

(Schnitzer et al., 2014). The extent of cost recovery differs from one operational model to the 

other, it is determined by whether the underlying motivation is to recover capital costs, operation 

& maintenance costs or both. It is necessary to clarify boundaries in order to understand how 

mini-grid tariffs are designed to suit different operational models. 

The case of Koh Jik represents a partially subsidized mini-grid where it received major portions 

of its’ capital cost through governmental grant. Subsidies help to reduces or remove the burden 

of recovering capital costs which translates to more affordable tariffs for consumers (ARE, 2014). 

Tariffs for partially subsidized mini-grids are designed to generate enough revenue to cover 

operation and maintenance costs without accounting for the capital costs (Schnitzer et al., 2014). 

Koh Jik mini-grid was implemented with approximately 90% of the capital costs through granted 

funds and remaining 10% through bank loan (Suwannakum, 2007).  

Through interviews with member of the village electricity committee, it was clearly established 

that the community was responsible to cover operational costs, maintenance costs, repayment of 

bank loan without additional aid. By having clear definition on what costs should be recovered, 

the community were able to establish tariffs that were sufficient to recover such costs. Literature 

found that if the community’s responsibility was not clearly established, it can create a false sense 

of expectation that the grantor of the system will take care of all costs (Zalengera & Kingdom, 

2011). Such conditions have resulted in premature failure of many partially subsidized projects 

(Akinyele et al., 2018).  

It is important here to distinguish between partially subsidized mini-grids and fully subsidized mini-

grid, both models receive subsidies for capital costs, but fully subsidized mini-grids also receive 
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subsidies, grants, external aid for operation and maintenance costs. Such system relies more on 

in-kind labour contributions from the local population than on tariff collection for operation and 

maintenance (Schnitzer et al., 2014). Since they are fully subsidized, the motivation for cost 

reflective tariff designs are less important.  

On-going developments to upgrade the mini-grid on Koh Jik will not be relying on grants and 

subsidy. The upgrade will be privately financed by private mini-grid developers, changing the 

underlying motivation for how its tariff is designed. When financed through private funds, the mini-

grid will be looking to establish cost plus tariffs, where the motivation is to gain a return on invested 

capital in addition to covering recurring operational and maintenance costs (Schnitzer et al., 2014). 

Since capital costs are not anymore subsidized, the upfront capital and it’s cost of capital (i.e. 

loans, expected returns) must also be considered in tariff design. Under a for-profit model, a 

sustainable cost-recovering tariff for Koh Jik must be able to recover invested capital cost and 

cover future recurring operational costs that will happen. Therefore, it is utmost important to 

determine which operational model the mini-grid will be undertaking in order to achieve effective 

tariff designs. The following section now elaborates on mini-grid costs and how tariffs design 

should account for them.  

Mini-grid tariff design: principles from empirical findings 

As aforementioned, the principles for effective mini-grid tariffs design should mean that costs that 

occur in the mini-grid are recovered. This section first outlines typical cost items (capital cost and 

O&M costs) in a mini-grid identified through empirical findings and literature. In order to effectively 

design mini-grid tariffs, this section explain three key principles from empirical findings that are 

important to tariff designs; 1) tariffs should effectively account for equipment replacement cost 2) 

tariff should be able to respond to cost fluctuations 3) tariffs should account for technical and non-

technical losses 

Capital costs in mini-grids are one time expenditure that include, but not limited to, the costs of; 

power generation assets - PV panels, wind turbines, battery energy storage systems, gensets, 

power conditioning systems etc., powerhouse, electricity cables and poles, land acquisition costs, 

transportation costs, labour costs etc (Bhattacharyya, 2014a; ILF, 2017; Suwannakum, 2007). In 

addition, there are soft costs such as engineering and design work, licensing and permits etc. that 

should be accounted for as capital costs. 

Operation & Maintenance costs are recurring expenditures that include, but are not limited to, the 

cost of; fuel (e.g. diesel or gasoline), consumables (i.e. engine lubricant, distilled water, battery 

acid), employee & labour costs – Panel cleaning, tree trimming, preventive and corrective 

maintenance costs, loan payments etc. (Bhattacharyya, 2014a; Suwannakum, 2007).  

The first principle is that tariffs should effectively account for equipment or asset replacement cost 

in the long term. Although partially subsidized mini-grids do aim to recover upfront costs, but it 

should account for recurring capital costs in the form of asset replacement that will occur in the 

future. Community-based mini-grids are prone to neglect asset replacement costs when 

establishing tariffs due to a lack of knowledge of prices and indicative lifetime of components 

(Zalengera & Kingdom, 2011). Empirical findings from Koh Jik also confirm this statement. At the 
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start of the project, tariffs were designed to take into account for asset replacement costs 

(Suwannakum, 2007) but after a series of event, it was found that tariffs were only sufficient for 

day to day operations and was insufficient to cover future replacement of assets. Three reasons 

were found to be the cause of this issue: 

Firstly, asset replacement funds which are supposed to be used for long-term replacement of 

assets were necessary to be use in short-term problem solving. An unplanned event occurred 

where wind turbine converters required corrective maintenance due to lighting strikes, the 

community had to prematurely use the funds to replace the components. In order to effectively 

resolve such issue, adding a separate portion for contingencies costs should be considered in 

mini-grids tariff structure. 

Secondly, overestimation of component lifetime played a big role in extending the problem. For 

example, the batteries represent a major cost item in the Koh Jik mini-grid, an indicative lifetime 

for lead-acid batteries can be expected to be between 6-8 years with proper management 

(Mohanty & Muneer, 2014). However, extensive charging and deep discharging cycles are known 

to quickly degrade batteries which significantly reduces its lifetime (Mohanty & Muneer, 2014). 

After 3 years, the battery bank that was replaced in Phase 2 already showed signs of degradation 

and needed to be replaced long before reaching their expected lifetime.  

Thirdly, the lack of knowledge on actual mini-grid component prices made it impossible for the 

community to make tariff adjustments that are reflective of asset replacement costs. As was 

mentioned by the community leader after being informed of the actual cost of a battery 

replacement: 

“Due to degraded conditions of the battery, there is a short period black out in 

the village everyday…there is a need to replace (components) and upgrade 

the mini-grid. The RESCO currently has a savings fund of approximately 1 

million (THB), but this is not sufficient to cover battery replacement cost which 

is 3 million (THB)” 

- Community Leader 

This situation arises from the fact that the system’s capital costs have always been covered 

through grants, both in Phase 1 and Phase 2. The community does not have visibility on 

component prices since they do not handle procurement of mini-grid components. When the mini-

grid was established in 2004, procurement was done by the universities (whom were manager of 

the project). Procurement of components for the mini-grid upgrade in 2014 was handled by the 

local provincial government. This results in a knowledge gap that answers why tariffs were not 

adequately adjusted to reflect asset replacement cost. 

The second principle is that tariffs should be able to be adjusted in a timely manner to respond to 

cost fluctuations. For mini-grids with that rely on gensets in the electricity mix, cost of fuel is a key 

consideration that should be effectively accounted for in a mini-grid tariff structure (Bhattacharyya, 

2014a). Positive changes in fuel cost during the operational phase of the mini-grid can negatively 

impact the financial viability in a significant way. Since fuel costs are volatile and are results of 
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uncontrollable external factors. Tariff structure should be designed with the ability to respond to 

fluctuating fuel cost in a timely manner, especially when there is significant increase in fuel cost. 

Before a major mini-grid upgrade in 2014, the energy mix of Koh Jik relies approximately 60% on 

generation from diesel genset. Increase in fuel price for long periods during 2012-2014 in 

combination with increased fuel consumption due to degraded batteries caused negatively impact 

the financial standings of Koh Jik RESCO. Fuel costs before the mini-grid upgrade in 2014 

amounted to 35,000 L/year or approximately 1.1 million THB/year. Koh Jik account statements 

collected from the period 2012-2014, illustrated in Figure 6.1, revealed that that the RESCO had 

to withdraw money from their long-term replacement funds to help sustain operational costs, 

which is mainly 90% paying for diesel fuel. This should not have been the case if tariffs were 

adjusted in a timely manner to account for increase in fuel cost.  

Techno-economic literature can be referred to in support of this point. Williams, Jaramillo, & 

Taneja (2018) finds that fuel price presents a significant project risk to mini-grids. Allowing tariffs 

to vary with fuel price mitigates fuel price risk (Williams et al., 2018). It was proposed for Koh Jik 

to include an adjustable portion in the mini-grid tariff structure. By taking Thailand’s national tariff 

as an example, it includes a portion called the automatic tariff adjustment, commonly referred to 

as the Ft surcharge. The Ft is a mechanism for adjusting tariffs to reflect the actual cost of 

generation at a given period of time, it is continuously reviewed and adjusted every 4 months 

(Abdullah et al., 2018). This is to ensure that consumers get charged at a tariffs is transparent, fair 

and reflect actual generation cost (Abdullah et al., 2018). Although the work of calculating and 

structuring the Ft is beyond the scope of this research. 

However, from a social perspective adjusting tariffs in community mini-grids is not an easy task. 

Interview with Koh Jik mini-grid operators revealed that even though they were operating at a loss 

during fuel price hikes, but tariffs were kept constant because they received social pressure from 

other members in the community. 

 “When increasing electricity tariffs, the village electricity committee will be 

faced with complaints and pressure from the community…In times of high 

(diesel) fuel cost, the community members are already faced with higher living 

cost (purchasing diesel for their fishing boats)…at that time the committee 

decided to use savings (from the replacement funds) to maintain the tariff” 

-Village electricity committee member  

The statement suggests that diesel price hikes does not only affect mini-grid generation costs but 

also reduces the consumer’s ability and willingness to pay for electricity. It can be seen that the 

local context on occupation and livelihood is highly linked to a mini-grid’s viability. In this case, 

diesel fuel is a main commodity and a significant cost of living that fishermen are already paying 

for. The increase in both diesel fuel and electricity costs puts pressure on household financial 

status. Which could result in increased incidences of defaults and non-payment that would further 

negatively impact the revenue of the mini-grid. 
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Figure 6.1 Koh Jik RESCO operational account statements from 2012-2016 

The third and final principle to be discussed is that tariffs designs should take into account 

technical and non-technical losses that can be present in a mini-grid. Technical losses in a power 

system are related to power dissipation in the electricity distribution systems, related to the 

engineering of power systems (World Bank, 2009). On the other hand, non-technical losses are 

issues such as electricity theft, unmetered households, non-payment, errors in accounting (World 

Bank, 2009). More emphasis is put on non-technical loss, since they represent avoidable financial 

loss for utilities. In developing countries, non-technical losses can account for 11-15% of total 

generation capacity representing a significant revenue loss (Buevich et al., 2016). Both technical 

and non-technical losses are significant in mini-grids and largely influence how tariffs are 

determined. 

The case of Koh Jik provides empirical evidence that there is a mismatch between the amount of 

electricity generated by the mini-grid and the amount of electricity that is actually sold, or the 

billable kWhs. The mismatch on Koh Jik occurs mainly from unmetered consumers of electricity, 

the term unmetered in this case does not imply electricity theft. In Koh Jik, several public 

infrastructures are not billed for electricity consumption. For example, electricity consumption in 

the temple, school and medical centre, village water pumps and public streetlights represent non-

technical losses that occur in the mini-grid. Electricity for public service and infrastructure were 

provided without being charged for. For Koh Jik it is estimated that technical and non-technical 

losses amount to 10-15% of generated electricity. For this reason, it is argued that mini-grid tariffs 

design for community-based mini-grids should critically examine the degree of non-technical 

losses due to unmetered customers.  

Mini-grid upgrade 
2014 
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Tariff Changes and Consumer Behaviour 

This final section presents empirical findings on the implications of tariff, metering and billing 

systems towards consumer and mini-grid operator’s perception. The findings on the effects of 

energy-based and bulk-pricing tariff on consumer behaviour will be presented.  

In general, mini-grid tariffs can follow different structures, on the highest level there are two types 

of tariffs; energy-based tariff and power-based tariff (ARE, 2014). Koh Jik implements an energy-

based tariff, where consumers were being charged according to the amount of electricity they 

consumed.  

Since its inception in 2004, Koh Jik implemented an energy-based tariff that charged a price per 

kWh that was used in conjunction with a prepayment metering and billing system. In an energy-

based tariff, the total revenue of a mini-grid is dependable on the amount of kWh sold to 

consumers. The first tariff implemented was priced at 12 THB/kWh. Interviews with the village 

committee revealed that there were some periods that the committee had to increase electricity 

prices up to 30 THB/kWh in order to sufficiently cover operational costs (mainly due to cost of 

fuel). When tariffs increased, consumers started to consume less electricity in response to high 

electricity costs. This effect can be understood through the economic concept of price elasticity 

of demand (Williams et al., 2018). As price increases the demand for electricity decreases and 

vice versa. It created a situation where there is high risk and uncertainty to the amount of revenue 

that can be collected. Therefore, the village electricity committee came up with a new bulk pricing 

tariff structure, which included a portion of fixed charge and a portion of energy-based. Williams 

et al. (2018) explains the benefits of implementing such structure “introducing fixed monthly 

charges that come with credit for a certain number of kWhs partially decouples electricity 

consumption from revenue”. Interview with mini-grid operator on this issue: 

 “Electricity price were raised up to 30 THB per kWh at some point to cover for 

diesel fuel cost. Consumers started to consume less electricity and the mini-

grid was almost lacking funds to operate. The (village electricity) committee 

decided to change tariff structure to bulk pricing”  

 -Mini-grid operator  

The bulk-price tariff on Koh Jik combined principles of energy-based tariffs and flat fee. 

Consumers were able to choose from three subscription plans, see Table 6.1 for current tariff 

schedules and subscribed households. Consumers choosing Plan 1 and Plan 2 had to subscribe 

to a bulk amount of 60 kWh and 30 kWh respectively. This means that consumers already pay a 

cost per month of 780 THB/month and 690 THB/month, respectively, as a minimum. At the end of 

month, meters are checked for actual consumption, if consumption exceeds the subscribe amount 

then they are charged at a rate of 13 THB/kWh and 23 THB/kWh for the exceed amount on, 

respectively. This means that a consumer subscribed in Plan 1 who consumed 80 kWh in a billing 

month pays an electricity cost of 1,040 THB for that month. Two bulk price plans are created to 

differentiate between large consumers and small consumers. Plan 3 accommodate other 

consumers which are households that are not permanently living on the island or are those that 
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visit the island for a period 2-4 months a year. In order to avoid paying a minimum cost per month, 

they are obliged to pay per usage at a much higher tariff. 

Table 6.1 Koh Jik bulk pricing tariff (as of June 2019) 

Tariff Plan 
Subscribed amount 

(kWh) 
Minimum cost 
(THB/month) 

Electricity price for 
excessive 

consumption 
(THB/kWh) 

No. of households 

Plan 1 60 kWh 780 THB/month 13 THB/kWh 64 

Plan 2 30 kWh 690 THB/month 23 THB/kWh 5 

Plan 3 0 kWh Per usage 60 THB/kWh 24 

 

The impact of a bulk price tariff is that it generates a more stable revenue stream that s decoupled 

from actual consumption (Williams et al., 2018), since Plan 1 and Plan 2 imposes a flat subscription 

fee per month. For the consumers under a bulk price tariff, they want to consume up to their 

subscribed amount in order to be most cost-efficient. However, analysis of metered data showed 

that majority of the households subscribed in Plan 1 consume well in excess of 60 kWh, averaging 

at 87 kWh/month. In one interview, a community member confirms that:  

“At first, I tried to keep (my consumption) under the subscribed amount to 

avoid paying for excess consumption. But now I use more electricity and I’m 

always exceeding the subscribed amount every month” 

-Community Member 

It can be seen that Koh Jik tariff plans are set at a regressive rate, which means that price per 

kWh becomes cheaper as consumption increases. It was explained by the village electricity 

committee that mini-grids require stimulation to increase consumption otherwise they will not be 

able to generate enough revenue to cover its’ operating cost. It is presented here that pure 

energy-based tariff demotivates consumption which may negatively affect cost recovery 

capabilities of a mini-grid. A combined tariff plan stimulates consumption but at expense of reduce 

energy conservation. Since 2009 there were two tariff reductions, at the start of 2014 and 2016. 

It can be seen from Figure 6.2 that household consumption gradually increases at an average rate 

of 2.7% per year, from an average of 68 kWh/month in 2009 to 87 kWh/month in 2018. Although, 

average household consumption increases, but decrease in tariff means that average cost for 

electricity slightly decreases, as illustrated in Figure 6.3. In summary, tariff reduction resulted in 

an increase in consumption, showing that consumers are price sensitive. But from the mini-grid 

operator’s point of view, the amount increased in consumption does not justify the reduction in 

revenue. 
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Figure 6.2 Average household electricity consumption vs tariff 

 

Figure 6.3 Average household electricity expenditure vs tariff 

Metering & Billing systems from a consumer’s perspective 

As mentioned in the case study description in Chapter 4, a unique feature of Koh Jik is previous 

use of metering and billing system. Two phases of different metering and billing systems had been 

implemented, a prepayment and post-payment metering and billing system. Having experience 

with two different metering and billing makes Koh Jik a rare case study that provide empirical 

evidences on consumer and mini-grid operator’s perception and behaviour. Empirical evidence 

points towards prepayment system as being a better tool for successful mini-grid governance. For 

two reasons: 1) prepayment meters provide tools for mini-grid operators for better enforcement 

local rules and efficient payment collection 2) Prepayment metering allow consumer to better take 

control of their energy consumption. 

When the mini-grid was initially established in 2004, the households were equipped with 

prepayment electric meters. A pay as you go concept (simply refer to as “prepayment”) for billing 
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was introduced to govern electricity usage in households, meaning that electricity users are 

required to pay for the cost before they have access to electricity. On Koh Jik, users pay for 

electricity at the village’s central office in cash in exchange for energy credits (in kWh), which is 

topped-up into their personal chipcard. The prepayment meter reads the energy credits from the 

chipcard and show remaining credits on the meter’s front display. As electricity is being consumed 

by the household, the meter reduces remaining energy credits equal to the amount of energy 

consumed. Once the remaining energy credits reduces to zero, a disconnect relay inside the 

meter will automatically cut power of that household. Once the user tops-up energy credits into 

the chipcard, then the prepayment allows the household to start consuming power again. The 

prepayment system was in used to collect electricity payments since the mini-grid’s inception in 

2004 until 2009. 

Mini-operator of Koh Jik pointed out that in prepayment systems helps with management and 

governance of payment collection in the community. The use of prepayment meters in mini-grids 

are widely discussed in literature that they contribute to making payment collection a process 

easier to enforce by the mini-grid operator (ARE, 2014; Gollwitzer et al., 2018; Schnitzer et al., 

2014; Williams et al., 2015). Since a prepayment meter automatically disconnects non-paying 

customer without involving a decision made by the mini-grid operator, it removes direct peer-to-

peer involvement in enforcing rules that have been set. As was previously discussed in Chapter 

5, strict enforcement in a close-knit community is not an easy task for mini-grid operators. Findings 

from Gollwitzer et al., (2018) reinforces that direct-peer-to-peer involvement in payment collection 

could lead to operational difficulties and conflict. 

In contrast to prepayment systems, a post-payment metering and billing system is based on a 

trust system between the mini-grid operator and their users, operator allow users to consume 

electricity in advance and payment is done subsequently. Koh Jik mini-grid implements a monthly 

meter reading, consistent with the practices of most electric utilities. The monthly meter readings 

are done at the end of the month by an employee of the RESCO, who goes around every 

household at the end of the month and collects the payment. Post-payment metering and billing 

system are exposed to the risk that users may not pay for the electricity that they have consumed. 

Interviews with Koh Jik mini-grid operator found that although payment collection rates are high 

but a few households have overdue payments that are normally settled between 1-3 months.  

In an interview with community members, many expressed that positive feelings to using 

prepayment meters. One community member stated that: 

“I feel that electricity costs (tariff) when using prepayment meters was cheaper 

than the electricity costs (tariff) of using analog meters…Whenever I have 

money (receive an income) I’ll go to top-up credits at the village office…I have 

better control over my consumption better since I know how much I use” 

Community Member 

The first reason towards better consumer perception towards prepayment systems is that 

consumer’s see the amount of remaining credits and is more aware of energy consumption on a 

daily basis. Users were able to identify and monitor how much each appliance consume. 
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Suwannakum (2007) suggest that prepayment metering facilitates energy conservation as the 

consumer are able to relate expense to appliance usage. 

Secondly, consumers are free to choose when and how much they want to pay for electricity in a 

prepayment system. Unlike in a post payment system, electricity bills are collected on a monthly 

basis. Due to the nature of the community’s main occupation as fishermen, where income is rather 

volatile depending the weather and sea. Especially during monsoon periods, fishermen may not 

have any income for weeks due to stormy weather and high tides. Therefore, the ability to top-up 

whenever they have money is a strong proposition of prepayment billing systems. In addition, the 

action of going to the village office is an act that makes consumer feel that they willingly pay for 

electricity. As opposed to post payment billing, one committee member uses the term “force to 

pay” to express how they feel when the RESCO employee comes collecting electricity payments 

from their house. 

The third reason is that consumer perceived that electricity was cheaper under a prepayment 

system. When the price for electricity on a kWh basis was in fact higher than current tariffs in a 

post payment billing system. It is suggested that consumers become less aware of the amount of 

kWh that had been consumed and are reflecting upon total cost that is paid out of their pockets. 

In addition, the current practice is that electricity and water costs are being at the same time at 

the end of the month. This may also contribute to the community exemplified perception that 

electricity is more expensive.  

Summary 

In this Chapter I have attempted to provide answer to sub-research question 2 ‘What factors are 

most significant in the design of tariff, metering and billing systems? And what are the social 

implications of implementing different system? The research found that policies, regulations, and 

operational models are key factors that shape the way mini-grid tariffs are determined. Three key 

principles emerged from empirical findings that proved to be important for effective mini-grid tariff 

designs; 1) tariffs should effectively account for equipment replacement cost 2) tariff should be 

able to respond to cost fluctuations 3) tariffs should account for technical and non-technical 

losses.  

Tariff impact on consumer electricity consumption have been presented. Finally, empirical 

evidence from Koh Jik suggest prepayment system as a better tool for successful mini-grid 

governance. For two reasons; mini-grid operators are able to better enforce local rules and 

prepayment system enable consumers to have better control over their consumption. 
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Policy Implications 
In this chapter I now zoom out to see how the findings from this research relates to the broader 

policy implications on mini-grids in developing countries. Empirical evidences from action 

research are used to implicate policy recommendations that are relevant to Thailand’s policy 

context, but also relevant to inform the deployment of mini-grids in other areas.  

The chapter has been structured according to two main sections. The first section discusses the 

problems of governmental efforts and public agencies to reach the last mile in rural electrification. 

Governments have relied predominately on grid extension for electrification, but grid extension 

becomes increasingly difficult and costly to reach island and remote communities. Government-

initiated stand-alone projects are short lived and do not provide a long-lasting effect on improving 

electricity access. Koh Jik provides evidence that mini-grids are emerging as a promising 

alternative but existing policy and regulations do not foster mini-grids to be deployed. Thus, the 

overall conclusion calls for the changes in the way public sector approaches electrification of 

remote areas.  

The second section proposes to break the vicious loop of governmental funding by transitioning 

into private-community based mini-grids. On-going developments on Koh Jik brings to light the 

challenges of the private sector in mini-grid development and why community-based approach 

provide answers to certain challenges. Thus, benefits of combining private sector and community-

based approaches are argued for in this latter section. 

Rethinking the role of public sector in mini-grid deployment 

Electric utilities are at the forefront of driving rural electrification, especially the case with state-

owned utilities. As was mentioned in Chapter 4, the state-owned utility in Thailand has been largely 

successful in electrifying the masses, but it is the last mile in electrification that proves a difficult 

task for the utility. This section dives into the problems that the government and utility in Thailand 

are facing in electrifying small communities in rural and remote areas that cannot be easily 

reached with grid extension. Mini-grid emerge as a promising solution but experience shows that 

government-initiated projects have the tendency to fail prematurely (Derks & Romijn, 2018; 

Greacen, 2004; Zalengera & Kingdom, 2011). Hence, there is a need to rethink the role of public 
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sector in mini-grid deployment for rural electrification. This section outlines the problems of public 

sector electrification and key policy points that should be addressed to improve mini-grid 

deployment. 

Grid extension problems 

For the utility, grid extension has been predominately considered as the primary means of 

electrification. The problem is that grid extension does not work in all cases, grid extension to 

small communities in rural, remote and geographically complex areas are unfeasible to carry out. 

But it is the fact that centralized grid electrification became institutionalized for rural electrification, 

as expressed by Greacen (2004, p.173) “universal rural electrification took on the de facto 

meaning of universal grid-extension rural electrification”. 

Utilities in Thailand are state-owned, grid extension projects are considered as investment 

projects that go through rigorous feasibility study to prove project feasibility which ultimately 

needs approval from the cabinet of ministers. Islands are a perfect example for areas that are 

difficult to reach with grid extension due to its geographical location. Most islands require the use 

of submarine cables which are more costly than overhead cables. Financial feasibility is then 

characterized by the cost of investment in relation to the expected return (amount of electricity 

that can be sold), which ultimately correlates to the demand of the island. Even for large islands 

with high electricity demands, the costs of submarine cable may not prove financial feasibility. As 

an example, the utility studies the feasibility of Koh Tao submarine cable project (PEA, 2010) 

reveals negative financial indicators for the project, negative net present value (NPV) and negative 

financial internal return rate (FIRR). This would usually mean that the project is unfeasible and 

would not be carried out. However, the utilities also consider social and economic development 

factors through the determination of the economic internal return rate (EIRR). Therefore, large 

islands like Koh Tao, characterized by large population and high degree of tourism activities (i.e. 

hotels, resorts, restaurants etc.) are justified for submarine cable projects because they show 

economic feasibility (positive EIRR) (PEA, 2010).  

In contrast, the same does not work for communities on small islands, characterized by small 

population and low to no tourism sector. Most small islands cannot prove for economic feasibility 

as most are fishery village and cannot justify for submarine cable projects. There are at 12 islands 

currently being evaluated by PEA for submarine cables projects, it is expected that 10 out of 12 

would not be justified for a submarine cable, according to the island electricity demand 

projections. Koh Jik island is one island out of 10 which is not feasible for the utility to invest in 

submarine cable. With grid extension not possible, utilities and governmental efforts shifted to 

granting and subsidizing stand-alone systems for off grid areas. Which leads on towards the 

problem of government-initiated projects.  
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Government-granted projects 

The second problem is that government-initiated or granted projects have the tendency to fail 

prematurely without having a lasting effect on improving electricity access. As was the case with 

multiple efforts for using off-grid solutions in rural electrification. With the nation-wide solar home 

systems (SHS) granted during 2005-2007. It was shortly found that 20-30% of the solar home 

systems failed in the first few years due to manufacturing defects, installation errors and user 

errors (Lynch et al., 2006; Sudprasurt et al., 2016). Government projects also include granted 

installation of stand-alone PV systems for off-grid school, community learning centres, health 

centres, national parks in various areas (DEDE, 2015), the operational conditions of these systems 

are questionable. In addition, PV charging stations and PV water pumps are also part of a 

governmental programme for off-grid electricity access (Shrestha, Kumar, Martin, & 

Limjeerajarus, 2006). Governmental projects that are 100% subsidized have exhibit high rate of 

failures which leads to a mistrust in off-grid technologies, or simply put “gives a bad name to the 

technology” (Shrestha et al., 2006). Apart from renewable energy technologies, diesel mini-grids 

on islands that are initiated by local governments are only able to supply electricity for a short 

duration a day (ILF, 2017). All in all, these off-grid options with limited generation capacity and 

hours of use act more often as a pre-electrification option (Bhattacharyya & Palit, 2016).  

The conditions that have been explained extend far more than leaving communities without 

electricity access. Consumers may develop a perception of isolation and inferiority of off-grid 

solutions when compared to a proper grid extension (Bhattacharyya, 2013). The inferior nature of 

these solutions reduces acceptability and attractiveness in the consumers’ mind (Bhattacharyya 

& Palit, 2016). When in reality, grid based supply may often fail to provide a better outcome 

(Bhattacharyya, 2013). Blackout and brownouts are common because these communities are 

connected at the end of long distribution lines (Greacen, 2004).  

It is therefore necessary to rethink about the government’s position and strategy in relying on 

grant projects to improve electricity access of rural areas. However, this does imply that the 

government should stop engagements with grant projects. The researcher calls for a revision to 

its approach. There are other roles in which the public sector can take such as implementing well 

designed incentive and support schemes instead of 100% grants, providing technical assistance 

rather than financial assistance or provide a good enabling policy and regulatory framework that 

enables investment into the off-grid sector. 

Policy and Regulation framework 

The third problem is to rethink the policy and regulation framework that is currently bring applied 

to mini-grids. The issue is that Thailand has no clear regulatory framework in development of mini-

grids in off-grid areas. In many regards, the regulations stipulated by the energy regulatory 

commission (ERC) do not apply to off-grid electricity provision since the regulations are mainly 

designed to regulate the national electricity grid. In contrary to off-grid regulations, the ERC 

specifies clear guidelines in all aspects on the development of grid-connected projects. The lack 

of regulation framework for off-grid projects raises uncertainty on how developers can engage in 

mini-grid projects. Although, whether the lack of framework is negative or positive remains a 
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debatable topic. On the one hand, regulatory framework makes it clear the process and what can 

be done. On the other hand, regulations can hamper mini-grid deployment. In an interview with a 

private mini-grid developer: 

“Regulations are good as it sets a clear pathway for mini-grid project 

development. But sometimes imposing too many regulations poses as 

limitations to project development” 

-Mini-grid Developer 

The issue of tariff regulation can be raised as an example. Although Thailand imposes a uniform 

tariff policy (Gamonwet, 2017), the tariff regulation is not enforced upon privately or community-

operated mini-grids on off-grid islands. Therefore, such mini-grids are able to be charge cost 

reflective tariffs at an agreed price with their consumers. If uniform tariff were to be implemented, 

such private and community projects would not have occurred because it would be difficult for 

mini-grids to recover their cost under a uniform tariff (Comello et al., 2017). 

In addition, there is the issue of the arrival of the main grid to areas that are being served by mini-

grids. This is a regulatory issues in which calls the following into question “what happens to the 

mini-grid when the main grid arrives?” (ESMAP, 2017). In contrary to key studies suggesting that 

regulatory and policy framework should be created to allow mini-grids to be integrated with the 

main grid, Thailand has not adopted such framework. Past experience from micro-hydro projects 

in Thailand reveals that the majority of micro-hydro plants were abandoned due to the arrival of 

the main grid (Greacen, 2004). Investors and developers will not be willing to make major 

investments in mini-grid if there is no clarity on post-connection options or developers are not 

compensated for their assets in the event that the main grid arrives (ESMAP, 2017). Ideally, it has 

been suggested that transparent grid extension plan should be made available, in order to identify 

areas assigned for mini-grid electrification that will not be reached by the main-grid in the next 10 

to 15 years (best case) (Franz et al., 2014). The planning of grid extension is done by the public 

utility, PEA, but it is rather ambiguous on the actual timing when the grid will arrive. Uncertainty 

provides a rather hostile policy environment for mini-grid investment. During the research on Koh 

Jik, it was found that Koh Jik was listed under the plans for grid extension for more than a decade 

but was never realized. This uncertainty creates commercial risks for mini-grid investment.  

The lack of regulatory oversight means that consumers are not protected from potentially abusive 

tariff and poor electricity supply quality (Bhattacharyya, 2013). Many countries opt to use 

concessional or licensing schemes to regulate the development of mini-grids. Deeper debates on 

how mini-grids should be regulated is beyond the scope of this research. But the researcher views 

are in line with the conclusions by Bhattacharyya (2013, p.502) “a middle is likely to be the most 

appropriate approach and a country-specific approach is likely to be more useful”.   
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A case for Private-Community based mini-grids 

This section makes the case for a transition to community based mini-grids that utilize private 

funding rather than reliance on public grant. These mini-grids will be referred to as private-

community based mini-grids. The underlying assumption is to create community autonomy by 

breaking free from reliance from governmental budgets. Based on empirical evidence from on-

going development, Koh Jik provides key lessons for how future mini-grids can be deployed under 

similar models. This section starts by outlining the problems that are faced by individually by 

community-based projects and private-operated models.  

The main challenge for a granted community-based mini-grid is that they can be locked into a 

vicious loop of waiting for governmental grants and external subsidies. As was pointed out in 

Chapter 6, mini-grid tariffs that do account for capital cost (because they were granted) may 

neglect the asset replacement costs. Without sufficient funds, community mini-grids then wait for 

governmental grants to cover their replacement cost. This leads to a vicious loop where 

governmental budgets are always needed to cover recurring asset replacement costs. The 

operational sustainability for these mini-grids are then connected to the availabilities of 

governmental budgets. It was found that availability of governmental projects can be politically 

motivated. Therefore, governmental budgets may not be available when the mini-grid needs an 

upgrade. In addition, it was found that communities (or community decision makers) are highly 

risk-averse. For example, when asked why the village electricity committee does not take a loan 

to cover asset replacement costs, the response was that they are not confident if they are able to 

repay the loan and are reluctant to take on financial risks. Finally, it was found that the technical 

capacity for Koh Jik community was limited, especially with the view to mini-grid design and 

knowledge on mini-grid technologies, therefore it would be difficult for communities to undertake 

mini-grid developments on their own. With regards to these limitations the community are locked 

into a vicious loop for governmental grants.  

On the other hand, the private sector have the investment capacity and access to financing that 

are needed in rural areas (ARE, 2014). Private and are entities that can assume risks in response 

to equivalent margins of return (Franz et al., 2014). In addition, Private mini-grid developers also 

have better technical capabilities and project development capacity compared to the community. 

With these benefits, fast roll-out and deployments of mini-grid can be expected under private 

sector development. Interviews with the private sector reveals 3 risks, also in line with literature, 

that should be addressed: risk of (lack of) social acceptance (Wolsink, 2014), risk of non-payment, 

(Wagemann & Manetsgruber, 2016) and the risk of main grid arrival (ESMAP, 2017).  

The combination of how community based approach can co-benefit with private sector approach 

is an interesting theme that emerged as a result of action based project development. Community 

operated and community governed systems have proven successful for Koh Jik, but they lack 

investment capacity for required mini-grid upgrades. The private sector is capable of bringing in 

the financing needed but requires reasonable returns on investment and risks to be minimized. 

Findings from this research suggest that private sector risks can be eliminated or reduced. In 

chapter 5, it has been argued that community involvement in all phases of project development 

creates sense of ownership and that lead to increased acceptability of mini-grid systems. Risk of 
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non-payment can be reduced through strong social norms and proper enforcement of local rules. 

Interviews with private sector engaged in on-going development of Koh Jik confirms by saying 

that: 

“Koh Jik exhibits strong community commitment and strong leadership in 

operating the mini-grid, therefore I’m confident (in the project’s success)” 

-Mini-grid Developer 

The establishment of trust and understanding between community – private developers (both 

ways) is key to the success of a private-community based model. Throughout the duration of the 

research, private developers visited the community numerous times and had organized meetings 

with community leaders and community members in order to build mutual trust. From the 

community perspective, trust in the private sector can be difficult since there is a general 

preconception that the community may be taken advantage of. This is eliminated by means of 

long-term continuous engagement with the community and exhibiting sincerity in establishing 

long-term personal relationship rather than a business-like relationship.  

However, it is the risk of main grid arrival that represents an external factor that is influenced by 

the broader policy context. As aforementioned, the arrival of the main grid brings uncertainty to 

private developers.  

It should be noted the researcher does not in any way suggest that this is the only way in which 

mini-grids can be deployed. The discussion of the proposed model here serves as a glimpse into 

the benefits of combining private approach and community based approach. A more detailed 

analysis, with different approach and a broader perspective is needed in order to provide a better 

understanding of the issues that would be implicated. 

Summary 

In summary of this chapter, findings from this research is related to broader context with the view 

to inform national policy. It was found that there are key policy areas where the public sector can 

change its view upon. Firstly, the conception of primarily using grid extension to remote areas, 

when alternative considerations can be made for decentralized supply. Secondly, the government 

should rethink its position, strategy and approach in relying on grant projects to improve access 

to electricity. Thirdly, the lack of policy and regulation framework for the development of mini-

grids in off-grid areas should be addressed in order to create a positive policy conditions for mini-

grid investment. The case is also made for private-community based mini-grids that utilize private 

funding rather than relying on public grants.  

 

  



Successful Governance of Mini-grids | Tanai Potisat 

 

 

68 
 

 

 

 

 

 

  
Conclusions 
Energy access still remains an important priority for many countries in the world, especially for 

countries in the Global South. While policy makers and national efforts push towards achieving 

universal access to electricity, many face challenges in reaching the last mile. Community living 

on islands and remotes areas makes grid-extension more difficult and costly, which calls for off-

grid electrification approaches. Mini-grids have emerged as a viable option in expanding access 

to electricity. Special attention is given to the cost-competitiveness of renewable energy mini-

grids with declining costs of PV and ESS technologies. 

Mini-grids are not new and they have been studied from different perspectives. Large numbers of 

literature have been explicitly studied technical and financial and/or engineering and economics 

aspects of mini-grid in countless of case and context. Although several findings have agreed and 

proven a mini-grid’s technical, financial and economically viability, there are many challenges and 

problems in real-world implementation of mini-grids. The aim of this study is consistent to other 

literatures comprehending mini-grids as a socio-technical system and set to understand the social 

fabric in which mini-grids are embedded in. With regards to local context, social practices, 

institutional arrangements amongst other social elements in the setting. In this light, this research 

focuses on understanding governance and management aspects from a successful mini-grid cast 

study. 

The research aims to answer the following main research question: 

“What are the most important factors that contribute to successful governance 

of mini-grids?” 

In which two sub-questions are formulated: 

1. Which aspects are most important in mini-grid governance? 

2. Which factors are most significant in the design of tariff, metering and 

billing systems? And what are the social implications of implementing 

different systems? 
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Key Findings 

As a response towards the first sub-question, the research found that there are three important 

aspects that contribute to the successful governance of mini-grids; local involvement & ownership, 

organizational structure & responsibilities and creation & enforcement of rules.  

Community involvement in all project phases through different activities was key to creation of 

community ownership of the mini-grid system. Many problematic conditions and pitfalls in 

governance issues, such as the lack of ownership, lack of O&M, lack of commitment was able to 

be avoided through involvement of the community. Empirical findings showed how community 

ownership could be created through community involvement activities in the planning, 

construction and operation phase of a mini-grid project, while also suggesting that involvement 

can be through both physical and financial contributions. 

It was also found that the way in which the community organized themselves to manage the mini-

grid played a big role in contributing to the better governance of mini-grids. Organizational 

structure provides the frame for successful mini-grid governance. Empirical findings suggest that 

the unbundling of the decision-making entity (VEC) and the operational entity (RESCO) benefits 

mini-grid governance by creating clear assignment of roles and responsibilities while also 

promoting transparency.  

The research highlights the importance of local rule creation and enforcement in mini-grid 

governance. For example, it was found the establishment of type-of-use rules can be used to limit 

and control consumption without the need of technical instruments (i.e. load limiters), in order to 

manage the mini-grid’s technical capacity limitation. In terms of rule enforcement, findings show 

that creation of strong social norm can be used more effectively as oppose to strict penalty 

enforcement. Findings suggest that enforcement in the form of penalties could create social 

tension within the close-knit community. Strong social norms can be created by means of peer 

pressure, informal sanctions or fear of consequences. The benefits effective rule enforce can be 

seen through observation of high payment collection rates and no incidences of theft and 

fraudulent activities. 

Apart from the aforementioned aspects, designs and implementation of tariff, metering and billing 

systems are important also contributing to success of a mini-grid’s long-term governance. It was 

found that tariff should be designed with the aim of cost-recovery, to recover costs that occur in 

the mini-grid, ‘cost-reflective tariff’. The ability to establish cost-reflective tariff was found to be a 

contributor of the long-term viability for the mini-grid on Koh Jik. Tariffs are linked to its operational 

model and the extent of cost-recovery should be pre-determined. Three key principles for tariff 

design also emerged from empirical findings; 1) tariffs should effectively account for long-term 

equipment (or asset) replacement cost 2) tariffs should be able to response to cost fluctuations in 

a timely manner and 3) tariffs should account for technical and non-technical losses. 

Review of literature yielded little insight for the social implications of tariff, metering and billing 

system in a mini-grid. Consumer perception and behavior towards different tariff system and 

different metering and billing systems were explored. The choice of tariff system has an impact 

on electricity consumption behavior of consumers. It was found that mini-grid’s revenue and the 
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long-term financial viability was highly sensitive and connected to demand changes by the 

consumer, creating high uncertainty and financial risk. A combined tariff (energy-based and flat 

fee) could help stabilize revenue but at the expense of reduced energy conservation. In terms of 

metering and billing, empirical findings from Koh Jik suggested prepayment system as a better 

tool for successful mini-grid governance. This is because it helped mini-grid operators on better 

enforcement of local rules and allowed consumers to take control of their electricity consumption. 

The research also provided certain policy implications. There are key policy areas in which the 

research calls for the public sector to change its view upon. Firstly, view to the primary use of grid 

extension as electrification of remote areas should be reviewed. Alternative considerations for 

decentralized supply should be made. Secondly, the government should rethink its position, 

strategy and approach to primarily using grant-based projects to improve access (i.e such as the 

use of well-designed support scheme rather than fully subsidized projects. Thirdly, the lack of 

regulation framework for off-grid projects is highlighted since it raises risk and uncertainty for 

private developers. An appropriate regulatory framework for off-grid mini-grids should be 

considered. Finally, the research also presents a case for private-community based mini-grids, 

where the private approach and the community based approach is used to create community 

autonomy by breaking free from reliance from governmental budgets.  

It should be noted that the researcher doesn’t claim to achieve a comprehensive analysis on 

towards the successful and sustainable management and governance of mini-grids. The issue on 

mini-grid governance are broad and complex, which would require more extensive work using 

various approaches and different methods. The research only attempts to provide understanding 

into some of the key aspects that are important to mini-grid governance. Although, it is hoped that 

these findings provide some grounds to inform future work on mini-grid implementation and 

further scholarly studies.  

Recommendation for Future Research 

As aforementioned, the issues of mini-grid governance are broader and much more complex, 

which would require more studies using different approaches and methods. The researcher also 

acknowledges the limitations of this research being constrained to one mini-grid case study. 

Therefore, the researcher sees added benefit in using a similar approach in other context with a 

broader scope of analysis. The added empirical resources would allow for large volume of 

empirical material which are required for a comparative analysis. 

As already mentioned, the research only provides a glimpse in the workings of a private-

community based mini-grid. More detailed studies, analysis and research are required to provide 

a better understanding on the issue.  
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